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International Standard ISO/IEC 14776-346:2024(en)

Information technology — Small computer system
interface (SCSI) —

Part 346:
Zoned Block Commands - 2 (ZBC-2)

1 Scoﬁe

This stapdard defines the model and command set extensions to facilitate operation of zoned block.devices.
The clayses in this standard, implemented in conjunction with the applicable clauses of SPC-6and SBC-5,
specify fhe standard command set for zoned block devices.

2 Normative references

The follgwing documents, in whole or in part, are normatively referenced inthis document and are indispensable
for its agplication. For dated references, only the edition cited applies. Forjundated references, the latest ¢dition
of the rgferenced document (including any amendments) applies.

T10/BSR INCITS 546, SCSI Architecture Model - 6 (SAM-6) (planned as ISO/IEC 14776-416)
T10/BSR INCITS 557, SCSI/ ATA Translation - 5 (SAT-5) (under’national consideration)
T10/BSR INCITS 566, SCS/ Primary Commands - 6 (SRC*6) (planned as ISO/IEC 14776-456)
T10/BSR INCITS 571, SCSI Block Commands - 5 (SBC-5) (planned as ISO/IEC 14776-325)
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3 Definitions, symbols, abbreviations, and conventions

3.1 Definitions

3.1.1 access pattern requirements

requirements, in addition to requirements in SBC-5, that apply to read operations, verify operations, and write

operations performed by the device server in a zoned block device

3.1.2 activate

cause a |write pointer zone to become an active zone

3.1.3 active zone
write poipter zone that has a Zone Condition other than INACTIVE

itional sense code
ion of the ADDITIONAL SENSE CODE field and the ADDITIONAL SENSE CODE QUALIFIER field in sense d

entry: See SPC-6.

temporaly data storage area that is capable of containing\a subset of the logical block data stored by the |
unit andfis either volatile or non-volatile

Note 1 fo entry: See 4.13.

3.1.8 clgse zone operation
device sgrver process that makes zone resources non-volatile, releases open zone resources, and results
Zone Cdndition becoming CLOSED or,EMPTY

Note 1 entry: See 4.5.3.2.3.

3.1.9 command
request gescribing a unitof;work to be performed by a device server

Note 1 entry: See SAM-6.

3.1.10 command.descriptor block (CDB)
structurd used te communicate commands from an application client to a device server

Note 1 foentry: See SPC-6.

Ata

pgical

in the

3.1.11 conventional zone
zone that is not associated with a write pointer

Note 1 to entry: See 4.5.2.

3.1.12 deactivate
cause a write pointer zone to become an inactive zone

© ISO/IEC 2024 - All rights reserved
2


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

3.1.13 device server
object within a logical unit (see 3.1.28) that processes SCSI commands according to the rules of command
management

Note 1 to entry: See SAM-6.

3.1.14 ending LBA
highest numbered LBA of a command

3.1.15 field
group of one or more contiguous bits, a part of a larger structure

Note 1 o entry: Examples of larger structures are a CDB (see 3.1.10) and sense data (see SPC-6).

3.1.16 fihish zone operation
device sprver process that results in the Zone Condition becoming FULL

Note 1 entry: See 4.5.3.2.4.

3.1.17 fgrmat operation
process py which a device server initializes the medium in a logical unit

Note 1 fo entry: See 4.10.

3.1.18 ghp zone
zone in Which all of the LBAs are incapable of storing user data

Note 1 entry: Gap zones enable the alignment of the starting LBAs)of zones that are capable of storing user
data (e.d., as described in 4.2.4.1 and 4.9).

Note 2 fo entry: See 4.5.4.

3.1.19 hprd reset
condition resulting from the events defined by SAM-6-ddring which the SCSI device performs the hard respet
operatiops described in SAM-6, this standard, and.other applicable command standards

3.1.20 hpst aware zoned block device
logical upit that implements the host awarezoned block device model

Note 1 fo entry: See 4.2.2.

3.1.21 hpst managed zoned block‘device
logical upit that implements thethost managed zoned block device model

Note 1 fo entry: See 4.2 3.

3.1.22 inactive zone
write poipter zone-thiat has a Zone Condition of INACTIVE

3.1.23 L|T neéxus
relationshipbetween a SCSI initiator port and a SCSI target port

Note 1 to entry: See SAM-6.

3.1.24 logical block
set of data bytes accessed and referenced as a unit

Note 1 to entry: See SBC-5.

3.1.25 logical block access command
command that requests access to one or more logical blocks that may require access to the medium

Note 1 to entry: See SBC-5.

© ISO/IEC 2024 - All rights reserved
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3.1.26 logical block address (LBA)
value used to reference a logical block

Note 1 to entry: See SBC-5.

3.1.27 logical block data
user data and protection information, if any

3.1.28 logical unit

externally addressable entity within a SCSI target device (see 3.1.48) that implements a SCSI device model

Note 1 to entry: See SAM-6.

3.1.29 njanage open zone resources operation
device sprver process that determines the availability of open zone resources

Note 1 fo entry: See 4.5.3.2.8.

3.1.30 nmjedia
plural of[medium

3.1.31 medium
material that is not cache on which data is stored (e.g., a magnetic disk)

3.1.32 npn-sequential write operation
write opg¢ration performed on a write pointer zone for which the lowest, LBA for that operation is not equal
write poipter for that write pointer zone

entry: See 4.5.3.3.2.

n-volatile cache
t retains logical block data through any power cycle

en zone
a Zone Condition of EXPLICITLY OPENED,0r IMPLICITLY OPENED

en zone operation
rver process that results in thelZone Condition becoming EXPLICITLY OPENED

en zone resources

3.1.37 pprsistent zone\resources
zone regources thatgersist across all condition changes or SCSI events (see SAM-6) including a power o

Note 1 entry:~For a zone in any Zone Condition other than IMPLICITLY OPENED or EXPLICITLY OPENED, all
resourcds are._persistent zone resources.

o the

n

rone

3.1.38 physical block
set of data bytes accessed as a unit by the device server (see SBC-5)

3.1.39 power cycle
sequence of power being removed followed by power being applied to a SCSI device

3.1.40 power on
condition resulting from the events defined by SAM-6 during which a SCSI device performs the power on
operations described in SAM-6, this standard, and other applicable command standards
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3.1.41 protection information
group of fields at the end of each logical block or at specified intervals within each logical block that contain a
logical block guard, an application tag, and a reference tag

Note 1 to entry: See SBC-5.

3.1.42 read command
command that requests read operations

3.1.43 read operation
read operation as described in SBC-5 with the additional requirements described in this standard

3.1.44 realm
set of zone ranges, each in a different zone domain, and an indicated relationship among those zong'randes

Note 1 entry: See 4.2.4.6.

3.1.45 r¢alm attribute
named groperty associated with a realm

Note 1 entry: In the absence of other conditions or actions (e.g., actions by the application client), realr
attribute$ do not affect the operation of the zone condition state machine.

Note 2

=]

entry: See 4.4.

3.1.46 r¢set write pointer operation
device sprver process that results in the write pointer being set to the fowest LBA of the write pointer zone

Note 1 entry: See 4.5.3.2.5.

3.1.47 sanitize operation
process py which a device server alters information on aclogical unit such that recovery of previous logicallblock
the cache and the medium is not possible

entry: See 4.11.

3.1.48 SCSI target device

SCSI delvice containing logical units and SCSI target ports that receives device service requests and task
management requests for processing and Sends device service responses and task management responsges to
SCSl inifiator devices

Note 1 fo entry: See SAM-6.

3.1.49 sense key
contents| of the SENSE KEY field in the sense data

Note 1 entry: See,SPC-6.

3.1.50 sequentialor before required zone
write poipter zone in which the device server allows write commands that specify a starting LBA that is les§ than
or equallte_that zone's write pointer

Note 1 to entry: See 4.5.3.5.

3.1.51 sequential write preferred zone
write pointer zone in which the device server allows write operations that specify a lowest LBA that is within the
zone but is not equal to the zone's write pointer

Note 1 to entry: See 4.5.3.3.
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3.1.52 sequential write required zone
write pointer zone in which the device server requires that the lowest LBA for a write operation be the LBA
indicated by the zone's write pointer

Note 1 to entry: See 4.5.3.4.

3.1.53 starting LBA
lowest numbered LBA of a command

3.1.54 state machine variable
variable that exists within the context of a state machine

Note 1 entry: A state machine variable may contain status from one state that is used in another state ¢f the
same state machine.

Note 2 tp entry: The value contained in a state machine variable may affect subsequent state transitions of state
machineg{ outputs.

3.1.55 sfatus
one bytd of response information that contains a coded value defined in SAM-6, transfetred from a device gerver
to an application client upon completion of each command

Note 1 entry: See SAM-6.

3.1.56 Tfusted Computing Group
izgtion that develops and promotes open standards for hardware-enabled trusted computing and segurity
ies

entry: See https://www.trustedcomputinggroup.org.

3.1.57 uhit attention condition
state that a logical unit (see 3.1.28) maintains while the lagic¢al unit has asynchronous status information to freport
to the SCSI initiator ports associated with one or more ¢, T nexuses (see 3.1.23)

Note 1 o entry: See SAM-6.

3.1.58 uhmet prerequisite
requirenjent that, as a result of its not being'met, prevents the successful performing of a zone activation
operatiop (see 4.5.3.2.7)

Note 1 entry: Unmet prerequisites.are indicated by bits in the parameter data (see 5.11.3.1) returned by a
command (e.g., the NOT EMPTY bit)'as described in 4.5.3.2.7.2.

3.1.59 uper data
data conftained in logical blocks that is accessible by an application client and is neither protection informatipn nor
other information thatimay not be accessible to the application client

3.1.60 verify command
command that requests verify operations

verify operation as described in SBC-5 with the additional requirements described in this standard

3.1.62 volatile cache
cache that does not retain logical block data between power cycles

3.1.63 write command
command that requests write operations

3.1.64 write operation
write operation as described in SBC-5 with the additional requirements described in this standard

© ISO/IEC 2024 - All rights reserved
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3.1.65 write pointer
pointer to a logical block in a write pointer zone where the next write operation in that zone should start

Note 1 to entry: See 4.5.3.1.

3.1.66 write pointer zone
zone that has an associated write pointer

Note 1 to entry: See 4.5.3.

3.1.67 zone
one of a set of disjoint contiguous ranges of LBAs that comprise a logical unit

Note 1 fo entry: See 4.5.

3.1.68 zpne activation operation
operatiop that manages active zones and inactive zones

Note 1 entry: See 4.5.3.2.7.

3.1.69 zpne attribute
named groperty associated with a zone

Note 1 entry: This standard assumes that all zone attributes (see 4.3) are zone’resources regardless 0
the devi¢e sever maintains the defined information.

Note 2 fo entry: In the absence of other conditions or actions (e.g., actions by the application client), zone
attribute$ do not affect the operation of the zone condition state machine:

Note 3 fo entry: See 4.3.

3.1.70 zpne domain
zone rarjge in which all of the zones are able to be active zones at the same time

Note 1 entry: See 4.2.4.2.

3.1.71 zpne ID
lowest LBA of a zone

3.1.72 zpne range
contiguous set of zones specified by-a(zone ID and a non-zero integer number of zones

3.1.73 zpne resources
device sprver resources that are'used by a zone

Note 1 entry: This stafdard defines open zone resources and persistent zone resources.

3.1.74 zpned blocK device
host awgre zoned block device, host managed zoned block device, or domains and realms zoned block d

Note 1 fo enfry;*See 4.2.

f how

pvice

maximum LBA as indicated by the MAXIMUM LBA field (see 5.8.2) returned by the REPORT ZONES command

Note 1 to entry: See 4.8.
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3.2 Symbols and abbreviations

3.2.1 Abbreviations

Abbreviations used in this standard:

Abbreviation Meaning

CDB command descriptor block

LBA logical block address

LSB least significant bit

MSB most significant bit

nfa not applicable

SAM-6 SCSI Architecture Model - 6 (see clause 2)
SAT-5 SCSI / ATA Translation - 5 (see clause 2)
SBC-5 SCSI Block Commands - 5 (see clause 2)
SCSI Small Computer System Interface family of standards
SPC-6 SCSI Primary Commands - 6 (see clause 2)
TC Trusted Computing Group (see 3.1.56)
VPD Vital product data

3.2.2 Mdthematical operators

Mathematical operators used in this standard:

Miathematical

Operators Meaning

A pbr XOR exclusive logical OR
X multiplication

/ division

+ plus or minus

+ add

- subtract

AND logicall AND

<for LT less-than

<prLE less than or equal to
=lor EQ equal

#pr NE not equal

>orGT greater than
>orGE greatertharmorequatto

3.3 Keywords

3.3.1 invalid
keyword used to describe an illegal or unsupported bit, byte, word, field, or code value

Note 1 to entry: Receipt by a device server of an invalid bit, byte, word, field, or code value shall be reported as
error.

© ISO/IEC 2024 - All rights reserved
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3.3.2 mandatory
keyword indicating an item that is required to be implemented as defined in this standard

3.3.3 may
keyword that indicates flexibility of choice with no implied preference

3.3.4 may or may not
keyword that indicates flexibility of choice with no implied preference

Note 1 to entry: Significant uses of "may or may not" occur in descriptions where attention is being drawn to the
"may not" case.

3.3.5 obpolete
keyword|indicating that an item was defined in prior SCSI standards but has been removed from this stanglard

3.3.6 option, optional

keywordp that describe features that are not required to be implemented by this standard
Note 1 fo entry: If any optional feature defined by this standard is implemented, then it:Shall be implemented as
defined in this standard.

keyword{used to describe a feature, function, or coded value that is defined itna-hon-SCSI standard (i.e., &
standard that is not a member of the SCSI family of standards) to which this standard makes a normative
reference where the use of said feature, function, or coded value is not-allewed for implementations of this
standard

3.3.8 regerved
keyword|referring to bits, bytes, words, fields, and code values(that are set aside for future standardization

Note 1
to this s

jo entry: A reserved bit, byte, word, or field shall heset to zero, or in accordance with a future extgnsion
ndard.

Note 2 fo entry: Recipients are not required to check-reserved bits, bytes, words, or fields for zero values
Note 3 fo entry: Receipt of reserved code valués’in defined fields shall be reported as an error.

3.3.9 regtricted
keyword|referring to bits, bytes, wordsg;-and fields that are set aside for other identified standardization purposes

Note 1
context

jo entry: A restricted bit, byte} word, or field shall be treated as a reserved bit, byte, word, or field in the
here the restricted designation appears.

3.3.10 shall
keyword|indicating a mandatory requirement

Note 1 tpb entry: Designers are required to implement all such mandatory requirements to ensure interopefability
with othgr products.that conform to this standard.

3.3.11 should
keywordlindicati

3.3.12 vendor specific
something (e.g., a bit, field, code value) that is not defined by this standard

Note 1 to entry: Specification of the referenced item is determined by the SCSI device vendor and may be used
differently in various implementations.
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3.4 Editorial conventions

Certain words and terms used in this standard have a specific meaning beyond the normal English meaning.
These words and terms are defined either in the glossary or in the text where they first appear.

Upper case is used when referring to the name of a numeric value defined in this specification or a formal
attribute possessed by an entity. When necessary for clarity, names of objects, procedure calls, arguments
or discrete states are capitalized or set in bold type. Names of fields are identified using small capital letters
(e.g., OPERATION CODE field).

Quantities having a defined numeric value are identified by large capital letters (e.g., CHECK CONDITION).
Quantitigs-having-a-diserete-but-unspectiied-value-are-dentifiedusing-smat-capitaHeters{e-g—oFFNEig a
value of the Zone Condition zone attribute). Such quantities are associated with an event or indication-whpse
observable behavior or value is specific to a given implementation standard.

Lists sequenced by lowercase or uppercase letters show no ordering relationship between the listed itemg.
EXAMPLE 1 - The following list shows no relationship between the named items:

a) fed (i.e., one of the following colors):
\) crimson; or

B) amber;
b) blue;or
c) green.

Lists sequenced by numbers show an ordering relationship between the'listed items.

EXAMPLE 2 -The following list shows an ordered relationship between the named items:

1) fop;
2) middle; and
3) bottom.

Lists arel associated with an introductory paragraph orphrase, and are numbered relative to that paragraph or
phrase (|.e., all lists begin with an a) or 1) entry).

If a conflict arises between text, tables, or figures) the order of precedence to resolve the conflicts is:

1) fext;
2) fables; and
3) figures.

Not all tgbles or figures are fully described in the text.
Notes and examples do nof-eonstitute any requirements.

Notes ane numbered consecutively throughout this standard.

3.5 Numeric:and character conventions

3.5.1 Numeric conventions

A binary number is represented in this standard by any sequence of digits comprised of only the Arabic numerals
0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or spaces may be included in binary
number representations to increase readability or delineate field boundaries (e.g., 0 0101 1010b or
0_0101_1010b).

A hexadecimal number is represented in this standard by any sequence of digits comprised of only the Arabic
numerals 0 to 9 and/or the upper-case English letters A to F immediately followed by a lower-case h (e.g.,
FA23h). Underscores or spaces may be included in hexadecimal number representations to increase readability
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B_FD8C_FA23h).

A decimal number is represented in this standard by any sequence of digits comprised of only the Arabic
numerals 0 to 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

Variables (i.e., alphanumeric names that represent values in computations and other statements) are

represented in the same San-serif font as other information in this standard.

This standard uses the following conventions for representing decimal numbers:

a) the decimal separator (i.e., separating the integer and fractional portions of the number) is a period;

he thousands separator (i.e.. separating groups of three digits in a portion of the number) is a space;

b)
c)
d)

Table 1 s

A decimal number represented in this standard with an overline,ovér one or more digits following the decir
number where the overlined digits are infinitely repeating (e.g., 666.6 means 666.666 666... or 66

point is 3

he decimal representation for a year is 1999 not 1 999.

hows some examples of decimal numbers using various

he thousands separator is used in both the integer portion and the fraction portion of a numbery.a

conventions.

Table 1 — Numbering conventions

French English This standard
0,6 0.6 0.6
3,141 59265 | 3.14159265 3.141 592 65
1000 1,000 1 000
1323462,95 | 1,323,462.95 1323462.95

and 12.142 857 means 12.142 857 142 857... or 12 1/7).

Arange
in the ra

(e.g., the

3.5.2 Unlits of measure

This stapdard represents values using beth decimal units of measure and binary units of measure. Values|

represerjted by the following formats:

a)

or values based on decimal units of measure:

1) numerical value_(e.g., 100);

P) space; and

B) prefix symboland unit:

1) decimal prefix symbol (e.g., M) (see table 2); and
2) unitabbreviation (e.g., B);

hnd

o Walues based on binary units of measure:

pf numeric values is represented in this standard‘in the form “a to z”, where a is the first value inc
nge, all values between a and z are includeddr-the range, and z is the last value included in the rgnge
representation “Oh to 3h” includes the values Oh, 1h, 2h,

and 3h).

nd

hal
6 2/3,

uded

are

Py Tomericat vatue (€.g-, 1 0247);

2) space; and

3) prefix symbol and unit:

1) binary prefix symbol (e.g., Gi) (see table 2); and
2) unit abbreviation (e.g., b).
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Table 2 compares the prefix, symbols, and power of the binary and decimal units.

Table 2 — Comparison of decimal prefixes and binary prefixes

Decimal Binary
. . Power . " Power
Prefix name Prefix symbol (base-10) Prefix name Prefix symbol (base-2)

kilo k 10° kibi Ki 210

mega M 108 mebi Mi 220

gjga G o® gibi Gi 738

tgra T 1012 tebi Ti 29

peta P 101° pebi Pi 20

exa E 1018 exbi Ei 260

zétta z 101 zebi Zi 270

yotta Y 1024 yobi Yi 280
3.6 Bit|and byte ordering
In this standard, data structures may be defined by a table. A table defines a complete ordering of element (i.e.,
bits, bytgs, fields, and dwords) within the structure. The ordering of elements within a table does not in itsglf
constrain the order of storage or transmission of the data structure; but in combination with other normative text
in this sthndard, may constrain the order of storage or transmission of the structure.
In a tablg, any element that is presented in a row above anether element in a lower row is more significan{ than
the lowef element, and any element presented to the left of another element in the same row is more sign|ficant
than thelelement to the right.
If a tablg shows bit numbering (see table 3), theleast significant bit (LSB) is numbered 0 and each more
significapt bit has the next greater number than'the immediately less significant bit. If a table shows numbefing of

bytes or
each les

In a field
significa
bit 7 is th

labeled if the field consists Of ight or fewer bits. The MSB and LSB are labeled if the field consists of mor

eight bit{

In a field

in a table consisting of mere.than one bit that contains a single value (e.g., a number), the least

nt bit (LSB) is shown on theright and the most significant bit (MSB) is shown on the left (e.g., in a
e MSB and is shown.an the left, bit 0 is the LSB and is shown on the right). The MSB and LSB af
and has no internal structure defined.

in a table consisting of more than one byte that contains multiple fields each with their own valueg

a descri

individugl field has an MSB and LSB, but they are not labeled.
In a field|centaining a text string (e.g., ASCII or UTF-8), only the MSB of the first character and the LSB of t

charactdrare-tabeled-

tor), thereis no MSB and LSB of the field itself and thus there are no MSB and LSB labels. Each

Multiple
denoting

byte fields are represented with only two rows, with the non-sequentially increasing byte number
the presence of additional bytes.
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A data dword consists of 32 bits. Table 3 shows a data dword containing a single value, where the MSB is on the
upper left in bit 31 and the LSB is on the lower right in bit 0.

Table 3 — Example of ordering of bits and bytes within a data dword

Bit
Byte 7 6 5 4 3 2 1 0
(MSB)

0 Bit 31 Bit 30 Bit 29 Bit 28 Bit 27 Bit 26 Bit 25 Bit 24

1 Bi23 Bit22 Bit24 B#20 B#49 Bit+4S Bt Bit 16

2 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bif 8

3 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bif 0
(L$B)

Note t The Bit x labels in the individual table cells are for reference only and should not appear within tgbles

that use this element format.

Table 4 5

hows a data dword containing four one-byte fields, where byte 0 (the'fitst byte) is on the left and pyte 3
(the fourth byte) is on the right. Each byte has an MSB on the left and an LSB. on the right.

Table 4 — Example of ordering of bits and bytes within an element dword

Bit
Byte 7 6 5 4 3 2 1 0
Rirstbyte
0 Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bif0
(MSB) (L$B)
Second byte
1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bif 0
(MSB) (L$B)
Third byte
2 Bit 7 Bit)6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Fourth byte
3 Bit\7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)
Note - The Bit x labels in the individual table cells and the xx byte labels in the individual bytes are for
reference only and should not appear within tables that use these element formats. In this example
the MSB and LSB labels are for reference only, however, they may appear in multi-byte fields as
described in this subclause (i.e., 3.6).

© ISO/IEC 2024 - All rights reserved
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3.7 Notation for state diagrams

All state diagrams use the notation shown in figure 1.

~
B4:State 4
B1:State 1 B2:State 2
[\ -
)
¢
-
B3:State 3
< J
Figure 1 — Example state diagram
Each stgte is identified by_a state designator and a state name. The state designator (e.g., B1) is unique gmong
all state jnachines in this standard. The state name (e.g., State 1) is a brief description of the primary action|taken
during the state, and.the'same state name may be used by other state machines. Actions taken while in epch
state arq described.ifi the state description text.
Transitigns between states are shown with solid lines, with an arrow pointing to the destination state.
The conflitiehs and actions are described fully in the transition description text.

Transitions between states are instantaneous.

Upon entry into a state, all actions to be processed in that state are processed. If a state is re-entered from itself,
all actions to be processed in the state are processed again. A state may be entered and exited in zero time if the
conditions for exiting the state are valid upon entry into the state.

© ISO/IEC 2024 - All rights reserved
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4 Zoned Block Device Model

4.1 Zoned Block Device model overview

4.1.1 Established SCSI concepts

Table 5 lists established SCSI concepts that apply to zoned block devices.

Table 5 — Zoned block device model concepts (part 1 of 2)

Coneept2 Referenee——
Zongd block device models 4.2

Zong attributes 43

Realm attributes 4.4

Zong type models 4.5

Errgr reporting 4.5.3 and SBC-5
Zonkd block device extensions to block device model 4.6
Capacity reporting and LBAs out of range 4.8
Conistant zone starting LBA values 4.9

Forrhat operations 4.10 and SBC-5
Sanjtize operations 4.11 and SBC-5
Resprvations 4.12, SPC-6, and SBC}5
Caches 413
Psepdo unrecovered errors 4.14 and SBC-5

Storlage element depopulation-and restoration operations that modify data

4.15.1 and SBC-5

Storbge element depopulation with zone modifications

4.15.2 and SBC-5

Background scan opgérations SBC-5
Deférred microcode activation SBC-5
Gropping function SBC-5
Implicitchead of queue command processing SBC-5
Initialization SBC-5
Media examples SBC-5
Medium defects SBC-5

@ Except for host managed zoned block devices, zoned block devices may support any concept or

model defined in SBC-5. Host managed zoned block devices should not support SBC-5 model

subclauses not listed in this table.

© ISO/IEC 2024 - All rights reserved
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Table 5 — Zoned block device model concepts (part 2 of 2)

Concept ? Reference
Logical blocks SBC-5
Physical blocks SBC-5
Protection information model SBC-5
Ready state SBC-5
STA{RT STOP UNIT and power conditions SBC-5
Writ}e and unmap failures SBC-5
Writla protection SBE-5
@ Except for host managed zoned block devices, zoned block devices may suppofit‘ahy concept or
model defined in SBC-5. Host managed zoned block devices should not supgort SBC-5 model
Subclauses not listed in this table.

4.1.2 Pe

Zoned b
INQUIR

a)
b)

Applicat
may be

a)

b)
Addition

ripheral device type and supported commands

ock devices indicate their primary model using the PERIPHERAL'DEVICE TYPE field in the standard
data (see SPC-6). Peripheral device type of:

|4h indicates a host managed zoned block device (see4y2.3); and
DOh (i.e., direct access block device) indicates:

A\) a host aware zoned block device (see 4.2.2); ar

B) a domains and realms zoned block device (se€ 4.2.4).

on clients may use the contents of the PERIRHERAL DEVICE TYPE field as an indication of what comr]
supported by the device server, as follows:

DOh indicates that command supportrequirements are defined in SBC-5 and this standard (see ta
bnd
14h indicates that command support requirements are defined in this standard (see table 7).

b| information may be available in the ZONED BLOCK DEVICE EXTENSION field in the Zoned Block De

Charactgristics VPD page (see 6.5.2).

For com

mands that are unique'to zoned block devices (see table 19), support requirements are shown in t

hands

ble 6);

vice

Able 6.
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4.2 Zoned Block Device models

4.2.1 Zoned Block Device models introduction

Zoned block device models described in this standard are as follows:

a) host aware zoned block device (see 4.2.2);
b) host managed zoned block device (see 4.2.3); and
c) domains and realms zoned block device (see 4.2.4).

Zoned block devices are accessed using LBAs. The LBAs are divided into ranges called zones (see 4.5). The

entire cg
Figure 2
LBA m—1 is the highest LBA of zone n—1.

shows a zoned block device with n zones and m LBAs where LBA O is the lowest LBA of zone 0

Zone 0 1

n—-1

LBA 0 1

Figure 2 — Zones in a zoned block device

Each zope of a zoned block device has an associated zone type (see 4.5). Zoned block devices support the
REPORT ZONES command (see 5.8) for reporting the zone type and othefr information for each zone.

© ISO/IEC 2024 - All rights reserved
17


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

Table 6 defines the characteristics of zoned block devices defined in this standard.

Table 6 — Requirements of zoned block devices

Host aware Hostmanaged | Domains and
zoned block zoned block realms zoned
Characteristic Reference device device block device
Command support 412 See 2';8:2 and See table 7 See ggg:g and
PERIPHERACBEWMEETFrPEFieldvalue 442 B0k 14k B0k
ZONED| BLOCK DEVICE EXTENSION
field value in the Zoned Block Device 6.5.2 1h Oh 2h
Charagteristics VPD page
Convgntional zone 452 Optional Optional Not suppofted
Sequgntial write preferred zone 4533 Mandatory Not supported Optionall@
Sequgntial write required zone 4534 Not supported Mandatory Optionall@
Sequgdntial or before required zone 4535 Not supported Not supported Mandatofy
Gap zpne 454 Not supported see 4.2.3 Optiond
CLOSE ZONE command 5.2 Manddtory Mandatory Mandatofy
FINISH ZONE command 5.3 Mandatory Mandatory Mandatofy
OPEN ZONE command 54 Mandatory Mandatory Mandatofy
;E)'\éf-\\/(Ez%Lr\jE&Eg)Lﬁla d 5.5 Optional Optional Optiond
REPORT REALMS command 5.6 Not supported Not supported Optiond|
REPORT ZONE DOMAINS command 5.7 Not supported Not supported Mandatofy
REPORT ZONES command 5.8 Mandatory Mandatory Mandatofy
RESE[l WRITE POINTER ¢ommand 5.9 Mandatory Mandatory Mandatofy
SEQUENTIALIZE ZONE command 5.10 Mandatory Not supported Optional b
ZONEJACTIVATE)command 511 Not supported Not supported Mandatofy
ZONE|QUERY command 512 Not supported Not supported Mandatofy
@ The device server shall SUpport ONe of More of the TolToWINg Types Of ZONEes.
a) sequential write preferred zones; or
b) sequential write required zones.

b |f the device server supports sequential write preferred zones (see 4.5.3.3), then the SEQUENTIALIZE
ZONE command (see 5.10) is mandatory.

© ISO/IEC 2024 - All rights reserved
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st aware zoned block device model

A host aware zoned block device reports:

a) the PERIPHERAL DEVICE TYPE field set to 00h (i.e., direct access block device) (see SPC-6); and
b) the ZONED BLOCK DEVICE EXTENSION field set to 1h in the Zoned Block Device Characteristics VPD page
(see 6.5.2).

Host aware zoned block devices:

may support conventional zones (see 4.5.2);
shall support one or more sequential write preferred zones (see 4.5.3.3);

a)
b)
c)
d)

e)

Capacity

Ehall not support sequential write required zones (se€ 4.5.3.4);
shall not support sequential or before required zones (see 4.5.3.5); and
bhall not support gap zones (see 4.5.4).

reporting requirements are defined in 4.8.

In additiin to primary commands (see SPC-6) and commands for direct access block deviees<(see SBC-5

aware z

ned block devices shall support the commands specified in table 6.

4.2.3 Hgst managed zoned block device model

A host

If the zo
a)

b)
Capacity

anaged zoned block device reports:

he PERIPHERAL DEVICE TYPE field set to 14h (i.e., host managed zoned block device) (see SPC-6)
he ZONED BLOCK DEVICE EXTENSION field set to Oh in the Zoned Block Device Characteristics VPD
see 6.5.2).

haged zoned block devices:

may support conventional zones (see 4.5.2);

shall not support sequential write preferred zones.(see 4.5.3.3);

shall support one or more sequential write regtfited zones (see 4.5.3.4); and
Ehall not support sequential or before required zones (see 4.5.3.5).

NE ALIGNMENT METHOD field (see 6.5.2).is:

bet to 8h, then the host managed,zone block device may support gap zones (see 4.5.4) as descri
1.9; and
not set to 8h, then the host.managed zone block device shall not support gap zones.

reporting requirements are defined in 4.8.

, host

and
page

bed in
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Table 7 lists the commands for host managed zoned block devices.

Table 7 — Commands for host managed zoned block devices (part 1 of 2)

Command Operation Type LBACT Reference
code
ATA PASS-THROUGH (12) A1h n/a SAT-5
ATA PASS-THROUGH (16) 85h n/a SAT-5
CLOSE-ZQNE Q4h/01h M z 52
FINISH ZONE 94h/02h M z 5.3
FORMAT UNIT 04h ) z SBC-5 and #.10
FORMAT WITH PRESET 38h ) z SBC-5 and #.10
INQUIRY 12h M n’/a SPC-6
LOG SELECT 4Ch ) n/a SPC-6
LOG SENSE 4Dh M n/a SPC-6
MODE|SELECT (10) 55h M n/a SPC-6
MODE|SENSE (10) 5Ah M n/a SPC-6
OPEN ZONE 94h/03h M z 54
PERSIBTENT RESERVE IN 5Eh ) n/a SPC-6
PERSIBTENT RESERVE OUT 5Fh @) n/a SPC-6
READ (16) 88h M R SBC-5
READ BUFFER (10) 3C ) n/a SPC-6
READ BUFFER (16) 9Bh ) n/a SPC-6
READ [CAPACITY (16) 9Eh/10h M n/a SBC-5 and|4.8
READ PEFECT DATA (#2) B7h ) n/a SBC-5
REMOYE ELEMENTAND MODIFY ZONES 9Eh/1Ah ) z 55
REMOYE ELEMENT AND TRUNCATE 9Eh/18h 6] z SBC-5
REPORT<LUNS AOh M n/a SPC-6
REPORT SUPPORTED OPERATION CODES A3h/0Ch M n/a SPC-6

Key:
O = optional
M = mandatory
R = read command
U = unmap command

V = verify command

W = write command

Z = other command
LBACT = logical block access command
type (see SBC-5)

© ISO/IEC 2024 - All rights reserved
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Table 7 — Commands for host managed zoned block devices (part 2 of 2)

Command Operation Type LBACT Reference
code
EEECC)'EI(-)E]LSJPPORTED TASK MANAGEMENT A3h/0Dh M n/a SPC-6
REPORT TIMESTAMP A3/0Fh ] n/a SPC-6
REPORT ZONES 95h/00h M z 5.8
REQUEST SENSE 03h M n/a SPCt6
RESET WRITE POINTER 94h/04h M z 59
RESTQRE ELEMENT AND REBUILD 9Eh/19h @) z SBC-5
SANITIZE 48h ) Z SBC-5 and #.11
SECURITY PROTOCOL IN A2h 6] na SPC-6
SECURITY PROTOCOL OUT B5h 6] n/a SPC-6
SEND PIAGNOSTIC 1Dh O n/a SPC-6
SET TIMESTAMP A4h/OFh o) n/a SPC-6
START|STOP UNIT 1Bh M n/a SBC-5
SYNCHRONIZE CACHE (16) 91h M W SBC-5
TEST UNIT READY 00h M n/a SPC-6
VERIFY (16) 8Fh ) Vv, W SBC-5
WRITH (16) 8Ah M W SBC-5
WRITH BUFFER 3Bh ) n/a SPC-6
WRITH LONG (16) 9Fh/11h @] z SBC-5 and #.14
WRITH SAME (16) 93h M uw SBC-5

Key:
F optional
F mandatory
read eemmand
upmap command

cxoZO0

V = verify command
W = write command
Z = other command

LBACT = logical block access comnpand
type (see SBC-5)

4.2.4 Domains and realms zoned block device model

4.2.4.1 Domains and realms zoned block device model overview

A domains and realms zoned block device reports:

a) the PERIPHERAL DEVICE TYPE field set to 00h (i.e., direct access block device) (see SPC-6); and
b) the ZONED BLOCK DEVICE EXTENSION field set to 2h in the Zoned Block Device Characteristics VPD page

(see 6.5.2).
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and realms zoned block devices:

a) shall not support conventional zones (see 4.5.2);
b) shall support one or more of the following types of zones:
A) sequential write preferred zones (see 4.5.3.3); or
B) sequential write required zones (see 4.5.3.4);
c) shall support one or more sequential or before required zones (see 4.5.3.5); and
d) may support gap zones (see 4.5.4).

Capacity

reporting requirements are defined in 4.8.

In addition to primary commands (see SPC-6) and commands for direct access block devices (see SBC-5),

domains

Zone domains and realms enhance the basic zoned block device model (see 4.2.1) to define a mechanisr
allows ap application client to manage contention for certain SCSI device resources in a way that is indepd
of many details about those SCSI device resources. Two or more zone domains (see 4.2.4.2) represent the
device rg¢sources for which an application client is able to manage contention.

The SCS
ability to

a) $ome zones be active zones (i.e., able to use the SCSI device resource'in’contention); and
he remaining zones be inactive zones (i.e. unable to use the SCSI deviCe resource in contention).

b)

The REH
commar
domains

The ZONE ACTIVATE command (see 5.11) may activate a zone.range in one zone domain and may deag
a corresponding zone range in one or more different zone domains.

Commands that specify LBAs (e.g., read commands and write commands) in inactive zones are processe
described in 4.5.3.1.5 and 4.5.3.1.6.

42424

A zone g
ID is asg
Zone do

and realms zoned block devices shall support the commands specified in table 6.

store logical block data. The contention for SCSI device resources is managed by having:

ORT ZONES command (see 5.8), REPORT REALMS command-(see 5.6), REPORT ZONE DOM
d (see 5.7), and the ZONE QUERY command (see 5.12) provides current indications of what zon
and zone types are available for the application client to chogse to make active zones.

one domains

Mmain shown in figure 3:

starts with Zone t, followed by Zone t+1, Zone t+2, and Zone t+3;

| device resources for which contention management is provided include, but/aré not limited to, the

n that
ndent

SCSI

AINS

tivate

d as

omain (see figure 3) is a zone range that is identified by a zone domain ID (see table 8). A zone dpmain
igned by the device server starting at zero and incrementing by one.The zone range that constitutes the

2) ¢ontinues for zero erimore zones; and

3) ends with Zone x=3,followed by Zone x-2, Zone x-1 and Zone x.
Zone t id the first zong:in'the Zone domain shown in figure 3 and the lowest LBA in Zone t is the lowest LBA of
the Zong domainZone x is the last zone in the Zone domain shown in figure 3 and the highest LBA in Zone x is
the high¢st LBA-ofthe Zone domain.

Zone domain
Lowest | Zone | Zone | Zone | Zone oo Zone | Zone | Zone | Zone |Highest
LBA t t+1 t+2 | t43 x-3 x-2 x-1 X |LBA

Figure 3 — Zone domain
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Table 8 — Zone domain ID values

Code Description

00h to F7h | Zone domain ID values

F8hto FEh | Reserved

FFh No zone domain ID specified

All the zones in a single zone domain shall be capable of being active zones at the same time.

Each zo

ne that is capable of being activated shall be included in one and only one zone domain.

Two diffgrent zone domains may have:

a) different numbers of zones; and
b) gifferent numbers of LBAs.
Figure 4|shows an example of a device server that supports two zone domains with:
1) Kone domain O:
A\) starting with Zone a and ending with Zone b; and
B) containing:
a) LBAO as the lowest LBA in Zone domain 0; and
b) LBAm as the highest LBA in Zone domain 0;
2) fero or more gap zones (see 4.5.4) that separate Zone domain 0 from Zone domain 1, with
\) LBA m+1 as the lowest LBA of the lowest gap zone, if-any; and
B) LBA p-1 as the highest LBA of the highest gap zonerifsany;
nd
3) ¥one domain 1:
A\) starting with Zone y and ending with Zone z;and
B) containing:
a) LBAp as the lowest LBA in Zone domain 1; and
b) LBAT as the highest LBA in Zone:domain 1.
Zone domain 0 Zone domain 1
A~ A~
Zone |(|Zone Zone | Zone Zone | Zone Zone | Yone
[ N N J [ N N J
a a+1 b-1 b gap y y+1 z-1 z
LBA LBA  zones | BA LBA
0 m p r
Figure 4 — Example of two zone domains
4.2.4.3 4one domain 0
A domainsand’realms zoned block device shall have one zone domain with LBA 0 as its lowest numbered LBA.
That zorle_domain is identified as zone domain 0

As described in 4.8, the highest LBA in zone domain 0 establishes the value returned in the RETURNED LOGICAL
BLOCK ADDRESS field in the READ CAPACITY (16) parameter data.

At the time of manufacture, a domains and realms zoned block device shall have a zone domain 0 that contains

only seq

uential or before required zones (see 4.5.3.5) that have a Zone Condition of FULL.
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4.2.4.4 Zone domains other than zone domain 0

For zone domains other than zone domain 0, the device server shall support accesses (e.g., reads and writes)
that specify LBAs that are greater than the contents of the RETURNED LOGICAL BLOCK ADDRESS field in the READ

CAPAC

ITY (16) parameter data (see SBC-5 and 4.8).

The LBAs in the zones in zone domains other than zone domain 0 are:

a)
b)

greater than the value in the RETURNED LOGICAL BLOCK ADDRESS field; and
less than or equal to the zoned maximum address.

4.2.4.5 Zene-activation

A succegsful ZONE ACTIVATE command (see 5.11) that specifies a zone range to be activated activates pne or
more zohes and deactivates zero or more zones. A successful ZONE ACTIVATE command that specifies g4 zone

range to|be deactivated activates zero or more zones and deactivates one or more zones.

The smdllest zone range processed by a ZONE ACTIVIATE command or a ZONE QUERYcommand (seel 5.12)

IS:

a)
b)

bne zone, if the AAORB bit (see 6.5.2) is set to zero (see example in figure 5)y»and
bll the zones in one zone realm, if the AAORB bit is set to one (see example in figure 8).

Figure 5|shows an example of the before and after conditions for a ZONE AGNVATE command that is processed

with the

NAORB bit set to zero.
Before activation of zones a, b, and c
Zone
Domain
0
Zone Q)\
Domain / / / /al Q\\ /bl [c/ / / / /
1 K\
After activation
Zone
Domain / / /
0
Zone N
1 DA
Key active /inactive/

Figure 5 — Example of zone activation with the AAORB bit set to zero
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4.2.4.6 Realms

Combined with zone domains (see 4.2.4.2), realms form a matrix (see figure 6) that provides applications clients
with a set of choices for which zones are active. In figure 6, zone domain 0 contains LBA 0 (see 4.2.4.3) and
each realm contains more than one zone. Figure 3 describes how zones are contained within zone domains.

Realm 0 Realm 1 Realm 2 see Realmr
4 ImY H fal
UG utTidant v
[ X N ]
Zope Domain 1
e 00 [ X N ]
Zone Domain z

Each red

Realms

a)
b)

EXAMPL
required 3
(see 4.5.
logical bl
shingled

Figure 6 — Realms model

Im shall contain at least one zone.
hssociate characteristics with:

rone domains (e.g., zone type, recording technology; data transfer performance); and
ealms (e.g., location on the media, data storage‘density, storage density performance).

E - Figure 7 shows a configuration in which one zone domain uses conventional recording in sequential or b
rones (see 4.5.3.5) and one zone domain uses shingled magnetic recording in sequential write required zon
.4). In this configuration, the domains and‘tealms zoned block device allows a host to modify which realms {
ck data without the full effects of shingled magnetic recording and which realms store logical block data usir

nagnetic recording.

Figu

bfore
bS
tore
g

Realms
r/\
| | | | | | | | | | | | | | | | | | |
[ )7l | | I I [ [ [ [ [ [ [ [ | | I
Zone Domain 0 — Conventional Recording
S
O
N Zone Domain 1 — Shingled Magnetic Recording
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
re 7 — Example of conventional and shingled recording technologies using two zone domal

ns

The ZONE ACTIVATE command (see 5.11) modifies which zones are active zones within a contiguous set of

realms.

The result of processing a ZONE ACTIVATE command is that zones in one zone domain within a realm become
active zones at the same time as zones in a different zone domain within the same realm become inactive zones.

At any point in time, all the zones in one realm are active zones in only one of the zone domains associated with
that realm.
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Figure 8 shows an example of the before and after conditions for a ZONE ACTIVATE command that is processed
with the AAORB bit set to one (i.e., in the case where realm boundaries affect the processing of a ZONE
ACTIVATE command).

Before activation of all zones in one realm

Zone
Domain
0

realm boundaries —— >}

Zone
Domain 7 7 7 7 7 7 7 7 7 7

1 a

After activation

Zone
Domain / / / / /
0

k———— realm boundaries ———|

Zone K
Domain / / / /
1

Key active /inactive/
zone /zone/

Figure 8 — Example of zonetactivation with the AAORB bit set to one
4.2.4.7 Realm boundary considerations

If the SRB bit (see 5.7.2) is set to zero for a processed zone domain, then the processing of a ZONE ACTIVATE

commarnid (see 5.11) shall not result in"any realm boundaries changing in that zone domain. If the SRB bit is|set to
one for g processed zone domain, then updated realm boundary information is available from the REPORIT
REALM$ command (see 5,6) after a ZONE ACTIVATE command is processed to successful completion.

Change$ in realm boundary information may result in the RLM ALIGN bit (see 5.11.3) being set to one as an
unmet pferequisite fofa subsequent ZONE ACTIVATE command, unless the updated information provided by
a REPORT REALMS command is used to prepare that ZONE ACTIVATE command.

The realm starting LBAs and ending LBAs returned by a REPORT REALMS command shall not change upless
the devi¢esever processes a ZONE ACTIVATE command, a FORMAT UNIT command (see SBC-5), or a

FORMA‘ \AMATLL DD O T raraand-la SDO LN
TV T N Oo T oo arnta (SCC oo o)T

© ISO/IEC 2024 - All rights reserved
26


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

4.3 Zone attributes

ISO/IEC 14776-346:2024(en)

4.3.1 Zone attributes summary

The zoned block device zone attributes are summarized in table 9.

Table 9 — Summary of zone attributes

Errors

Present

associated with logical blocks in the zone

Zone attribute Description Reference
Zone Type Type of zone (e.g., CONVENTIONAL) 4.3.2
Zone Condition Zone's operational characteristics 4:33
WPoirter Combination of the write pointer (see 4.5.3.1) and whether the write 434
pointer is valid ’
RWP Recommended Indication of whether the processing of a RESET WRITE POINTER 435
command (see 5.9) for this zone is recommended '
Non-Sequential Write Indication of whether zone resources are allocated fornon-sequential 436
Resoufces Active write operations ’
Predicted Unrecovered | Indication of whether predicted unrecovered,errors (see SBC-5) are 437
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4.3.2 Zone Type zone attribute

The Zone Type zone attribute (see table 10) indicates the type of zone.

Table 10 — Zone Type zone attribute

Zone Type Reference
CONVENTIONAL 45.2
SEQUENTIAL WRITE PREFERRED 4.5.3.3
SEQUENTIAL WRITE REQUIRED 4534
SEQUENTIAL OR BEFORE REQUIRED 4.5.3.5
GAP 454

The relalionships between Zone Type and other zone attributes are shown in table 11

Table 11 — Relationships between zone attributes

Other zone.attributes

Non-Sequential
Write Resources RWP Zone
Zong Type Active Recommended WPointer Conditipn

Write pointer zone&Qe\e/4.5.3)

SEQUENTIAL WRITE PREFERRED see 4.3.6
see 4.5.3.1
SEQUENTIAL WRITE REQUIRED falsg@ see 4.3.5 see 4.3.3
and table 15
SEQUENTIAL OR BEFORE REQUIRED false P
<O Other zone types
N~
C C H iq C
CONVENTIONAL false false invalid NOT WRITE
GAP false false invalid POINTER

one resources for hon-sequential write operations are not allocated for a zone in which all
on-sequential write commands are terminated with an error.

or a sequeritial or before required zone (see 4.5.3.5), the values of zone attributes are required to pe
ompatible with the direct access block device type defined in SBC-5.
or a cenventional zone (see 4.5.2), the values of zone attributes are required to be compatible with
he direct access block device type defined in SBC-5.

o
o ol w B @ W M T ANV |
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4.3.3 Zone Condition zone attribute

The Zone Condition zone attribute (see table 12) is determined by Zone Type (see 4.3.2) and the zone condition
state machine state (see 4.5.3.6).

Table 12 — Zone Condition zone attribute

Zone Type Zone condition state machine Reference | Zone Condition
Write pointer zones (see 4.5.3)
ZE+Empty-state 4-5-3-6-2—EMPTY
ZC2:Implicit_Open state 45.3.6.3 IMPLICITKY<\OPENED
ZC3:Explicit_Open state 453.64 EXPLICITLY OPHNED
SEQUENTIAL WRITE PREFERRED ZC4:Closed state 45.3.6.5 CLOSED
gLQUENTIAL WRITE REQUIRED ZC5:Full state 4.5.3.6:6 FULL
ZC6:Read_Only state 46.3.6.7 READ ONLY
ZC7:0Offline state 4.53.6.8 OFFLINE
ZC8:Inactive 4.5.3.6.9 INACTIVE
ZC1:Empty state 45.3.6.2 EMPTY
ZC2:Implicit_Open state 45.3.6.3 IMPLICITLY OPENED
ZC5:Full state 4.5.3.6.6 FULL
SEQUENTIAL OR BEFORE REQUIRED
ZC6:Read, Only state 45.3.6.7 READ ONLY
ZCT7:QOffline state 4.5.3.6.8 | OFFLINE
ZC8:Inactive 45.3.6.9 INACTIVE
C}\U Other zone types
CONVHNTIONAL outside the scope of this standard 452 NOT WRITE
GAP outside the scope of this standard 4.5.4 POINTER
4.3.4 WRointer zone attribute
For writg pointer zones (see 4.5.3), the WPointer zone attribute is the combination of the write pointer
(see 4.5|3-1)yand whether the write pointer is valid (see table 15).

If Zone Type is CONVENTIONAL or GAP, then WPointer shall be invalid.
4.3.5 RWP Recommended zone attribute

For write pointer zones (see 4.5.3), if RWP Recommended is:

a) true, then the device server has determined (e.g., through the detection by the device server that the
zone is using too many resources) that the processing of a RESET WRITE POINTER command
(see 5.9) specifying this zone is recommended; or
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b) false, then the device server has no recommendation for or against the processing of a RESET WRITE
POINTER command specifying this zone.

RWP Recommended shall be set to false if:

a) the Zone Type is CONVENTIONAL or GAP; or
b) the Zone Condition is EMPTY, READ ONLY, OFFLINE, Or INACTIVE.

If RWP Recommended changes from false to true then the device server should establish a unit attention
condition for the SCSI initiator port (see SAM-6) associated with each I_T nexus with additional sense code set
to ZONE RESET WRITE POINTER RECOMMENDED (see SPC-6) and the INFORMATION field (see SPC-6) set to
the zone ID of the zone for which RWP Recommended was set to true.

4.3.6 Nc]n-SequentiaI Write Resources Active zone attribute

For seqyential write preferred zones (see 4.5.3.3), if Non-Sequential Write Resources Active is:

a) frue, then the device server has zone resources allocated for the processing of non-sequential write

bperations (see 4.5.3.3.2) in this zone; or
b) false, then the device server does not have zone resources allocated for the pracessing of
non-sequential write operations in this zone.

If a non-pequential write operation is performed in a zone, then the device servermay set Non-Sequential|Write
Resources Active to true. The device server may set Non-Sequential Resources Active to false at any timg if:

a) the write pointer does not indicate the lowest LBA in the zone; and
b) fzone resources are no longer allocated for the processing of non-sequential write operations in th|s

rone.

If the write pointer indicates the lowest LBA in the zone and the)device server has performed any non-seqyential
write opIrations in a zone since the last time the Zone Condition was EMPTY, then Non-Sequential Resources
Active shall not be set to false until the write pointer doe$not indicate the lowest LBA in the zone.

Non-Seduential Write Resources Active shall be set:to\false if:

a) the Zone Type is CONVENTIONAL, GAP, SEQUENTIAL WRITE REQUIRED, Or SEQUENTIAL OR BEFORE REQUIRED;
b) the Zone Condition is EMPTY, READ ONLY, OFFLINE, or INACTIVE; or
c) the device server has not performedya non-sequential write operation in a zone since the last timg the
yone Condition was EMPTY.

4.3.7 Predicted Unrecovered Errors Present zone attribute

For conyentional zones (see-4.5.2), if Predicted Unrecovered Errors Present is:

a) frue, then the zone)contains one or more logical blocks for which:
) read command accesses result in predicted unrecovered read errors (see 4.15.2.3.2); and
B) write cormimand accesses result in predicted unrecovered write errors (see 4.15.2.3.3);

DI
b) false{then none of the logical blocks in the zone are affected by predicted unrecovered errors.

Predictefd Unrecovered Errors Present may be changed to:

a) true by the processing of a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); and
b) false by the processing of a RESTORE ELEMENTS AND REBUILD command (see SBC-5).

If Predicted Unrecovered Errors Present is true, then read commands and write commands may report predicted
unrecovered errors in ranges of logical blocks as described in SBC-5.

Predicted Unrecovered Errors Present shall be set to false if the Zone Type is SEQUENTIAL WRITE REQUIRED,
SEQUENTIAL WRITE PREFERRED, SEQUENTIAL OR BEFORE REQUIRED, Or GAP.
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4.4 Realm attributes

4.4.1 Realm attributes overview

The realm attributes are summarized in table 13.

Table 13 — Summary of realm attributes

Realm attribute Description Reference
Restrict Write Pointer Reset | Indication of whether the processing of a RESET WRITE
POINTER command (see 5.9) is restricted for all zones in 4.4,.2
this realm
Restfict Zone Activate Indication of whether the processing of a ZONE ACTIVATE 443

command (see 5.11) is restricted for all zones in this realm

4.4.2 Rejstrict Write Pointer Reset realm attribute

If the Resstrict Write Pointer Reset realm attribute is:

a)

b)

A command that initializes the media and performs a Reéset Write Pointer operation (e.g., a FORMAT UNI
d, or SANITIZE command) shall not perform.a Reset Write Pointer operation for any zone in a reglm
for which the Restrict Write Pointer Reset realm-attribute is true.

comman

4.4.3 Rejstrict Zone Activate realm attribate

If the Refstrict Zone Activate realm attribute is:

a)

b)

rue, then a RESET WRITE POINTER command (see 5.9) with the ALC\BIt set to:
A\) zero and a zone range that includes any zones in this realm is(tefminated with CHECK COND

WRITE POINTER NOT ALLOWED; or

B) one does not perform a Reset Write Pointer operation’(s€e 4.5.3.2.5) for any zone in this real
DI

Pointer Reset realm attribute.

rue, then a ZONE ACTIVATE command (see 5.11) does not activate or deactivate any zones in tf
ealm; or
alse, then the processing of a ZONE ACTIVATE command is not affected by the Restrict Zone Ad
ealm attribute,

TION

status, the sense code set to ILLEGAL REQUEST, and thexadditional sense code set to RESET

N,

alse, then the processing of a RESET WRITER POINTER command is not affected by the Restric{ Write

is

tivate
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4.5 Zone type models

4.5.1 Zone type models overview

In a zoned block device, each zone:

a) has the zone attributes defined in 4.3; and
b) is one of the following zone types:
A) a conventional zone (see 4.5.2);
B) agap zone (see 4.5.4); or
C) a write pointer zone (see 4.5.3) that is either:
a) a sequential write preferred zone (see 4.5.3.3);
b) a sequential write required zone (see 4.5.3.4); or
c) a sequential or before required zone (see 4.5.3.5).

The codgd values that indicate the zone type are shown in table 43.
4.5.2 Cdnventional zone model
4.5.2.1 Conventional zone model overview

A conventional zone is a type of zone that is not associated with a write pointérand for which the device sgerver
performg operations as described in 4.5.2.2, 4.5.2.3, and SBC-5.

4.5.2.2 Write access pattern requirements for conventional zones
For conyentional zones, if the device server processes a write comimand for that zone, then the device sefver

shall process that command as described in SBC-5.

The device server shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code setto WRITE BOUNDARY VIOLATION, if a write confmand
specifieq:

a) g starting LBA that is in a conventionalzone; and
b) fccess to a logical block that is in a.different type of zone.

4.5.2.3 Read access pattern requirements for conventional zones

For con\entional zones, the device server shall terminate the command with CHECK CONDITION status,|with
the sense key set to ILLEGAL.REQUEST, and the additional sense code set to ATTEMPT TO READ INVALID
DATA, ifla read command-or_a verify command specifies:

a) g starting LBA that is in a conventional zone; and
b) access to alegical block that is in a different type of zone.

4.5.3 Wijite pointer zone models

4.5.3.1 Heatures common to all write pointer zones

4.5.3.1.1 Write pointer features

A write pointer zone is a type of zone that maintains a write pointer that indicates a location within that zone. The
write pointer may be modified as a result of processing of a write command. Depending on the state of a zone
(see 4.5.3.6), the write pointer for that zone may or may not be valid.

Each write pointer zone has one write pointer. That write pointer indicates the LBA that the application client
should specify in the LOGICAL BLOCK ADDRESS field of the next write command to that zone. The write pointer may
be set to the lowest LBA of a zone by a reset write pointer operation (see 4.5.3.2.5) for that zone.
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Each write pointer zone is in one of the states defined by the Zone Condition state machine (see 4.5.3.6).
The state of each zone is indicated by the Zone Condition (see 4.3.3) and affects the contents of the ZONE
CONDITION field in the data returned by the REPORT ZONES EXT command (see 5.8).

Read commands that complete without an error do not affect the write pointer.

Figure 9 shows a write pointer zone where no LBAs have been written since the last reset write pointer operation
for that zone.

lowest LBA | lowest LBA +1 | lowest LBA +2 highest LBA

Key: Logical blocks that have not been written

write pointer

v

Figure 9 — Write pointer zone and write pointer after reset write pointer operation with
no subsequent writes

h the

I than

Figure 1D shows a write pointer zone where LBAs have:

a) been written since the most recent time the zone's Zone Condition wasEMPTY (i.e., LBAs less tha
rite pointer value); and

b) not been written since the most recent write command in this writeypointer zone (i.e., LBAs greate
br equal to the write pointer value).
lowest LBA highest LBA

%V%
write pointer
Key:

Logical blocks that have been written

Logical blocks that have not been written

Figure 10-— Write pointer zone and write pointer

© ISO/IEC 2024 - All rights reserved
33


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

The example in figure 11 shows the effects of application client actions on the write pointer as follows:

1) attime 1, the Zone Condition is EMPTY (i.e., the write pointer is set to the lowest LBA of that zone);
2) attime 2:

1) the Zone Condition becomes IMPLICITLY OPEN;

2) a write operation writes logical block data starting at that zone’s lowest LBA; and

3) the write pointer is set to the highest LBA written by the write operation plus one;
3) attime 3, a write operation:

1) writes logical block data that starts at the write pointer after time 2 and extends to the end of that

zone;

2) as a result, the Zone Condition becomes FULL; and
B)—_changes the write pointer to mvaria,
hnd
4) attime 4:
1) areset write pointer operation sets the write pointer to the lowest LBA of that write pointér zorje; and
P) the Zone Condition returns to being EMPTY.

Time 1 — Write pointer set to the lowest LBA of that zone

lowest LBA highest LBA
gv%

write pointer

Time 2 — A write operation increases the write pointer
lowest LBA highest LBA

%Y%
write pointer
Time 3 — A write operation writes logical block data to the end of that zone
N

lowWest LBA \\Q)\\ highest LBA

Time 4 — Reset write poirter operation sets the write pointer back to the lowest LBA of that zone
lowest LBA highest LBA

. v

e
write pointer

Key: é\) Logical blocks that have been written
cC.

Logical blocks that have not been written since the most
recent time the zone's Zone Condition was EMPTY

Figure 11 — Write pointer zone example operations
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4.5.3.1.2 Resetting the write pointer

A reset write pointer operation (see 4.5.3.2.5) sets the write pointer in a write pointer zone to the lowest LBA of
that zone and sets that zone's Zone Condition to EMPTY. A reset write pointer operation:

a) may be requested by a SANITIZE command (see 4.11 and SBC-5); and
b) is requested by:

A) a RESET WRITE POINTER command (see 5.9);

B) a FORMAT UNIT command (see 4.10 and SBC-5); and

C) a FORMAT WITH PRESET command (see 4.10 and SBC-5).

4.5.3.1.3 Open zone resources

Open zone resources are zone resources that are available only to an open zone. The usage of open)zong
resourcgs is managed by the zone condition state machine (see 4.5.3.6) as described for the Zgne ‘Condifions

EXPLICITLY OPENED and IMPLICITLY OPENED. Open zone resources may be volatile (e.g., open zené resources may
be cached copies of persistent zone resources).

The scaicity of open zone resources is associated with zone type, and this scarcity affects how those oper zone
resourcds are managed. The open zone resources for:

a) s$equential write required zones (see 4.5.3.4) limit the number of sequéential write required zones With

h Zone Condition of EXPLICITLY OPENED or IMPLICITLY OPENED allowed\at any specific time, with the|limit
ndicated by the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field in the Zoned Block
Device Characteristics VPD page (see 6.5.2);
b) $equential write preferred zones (see 4.5.3.3) have an optimal number of sequential write preferrgd
rones with a Zone Condition of EXPLICITLY OPENED or IMRLICITLY OPENED allowed at any specific time,
ith the limit indicated by the OPTIMAL NUMBER OF OPEN 'SEQUENTIAL WRITE PREFERRED ZONES field jn
he Zoned Block Device Characteristics VPD page;xand
c) s$equential or before required zones (see 4.5.3.5)-hiave no limits on the number of sequential or bgfore
equired zones with a Zone Condition of IMPLIGITLY OPENED.

The avallability of open zone resources is determined by the manage open zone resources operation
(see 4.5(3.2.8).
4.5.3.1.4 Initialization pattern

The initiglization pattern used by a,zened block device is the logical block data set:

a) gs the default initialization. pattern at the time of manufacture;
b) by the most recent EOGRMAT UNIT command (see SBC-5), if any; or
c) by the most recept SANITIZE command with the service action set to OVERWRITE (see SBC-5),|if any.

4.5.3.1.9 Write access pattern requirements common to all write pointer zones

The device servershall terminate the command with CHECK CONDITION status, with the sense key set o
ILLEGAIL REQUEST, and the additional sense code set to WRITE BOUNDARY VIOLATION, if a write comjmand
specifieq:

a) a starting LBA that is in a write pointer zone; and
b) access to a logical block that is in a different type of zone.

If a write command specifies the writing of one or more LBAs that are in a write pointer zone that has a Zone
Condition of READ ONLY, OFFLINE, or INACTIVE, then the device server shall terminate that command with CHECK
CONDITION status, with the sense key set to DATA PROTECT, and the additional sense code set to:

a) ZONE IS READ ONLY, if that Zone Condition is READ ONLY;
b) ZONE IS OFFLINE, if that Zone Condition is OFFLINE; and
c) ZONE IS INACTIVE, if that Zone Condition is INACTIVE.
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Write access pattern requirements that are specific to the WRITE LONG command (see SBC-5) are described in

4.14.

4.5.3.1.6 Read access pattern requirements common to all write pointer zones

The device server shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code set to READ BOUNDARY VIOLATION, if a read command

or a veri

a)
b)

If a read

fy command specifies:

a starting LBA that is in a write pointer zone; and
access to a logical block that is in a different type of zone.

a Zone Condition of INACTIVE and the URSWRZ bit (see 6.5.2) is set to:

a)

b)

If a read

vero, then the device server shall terminate that command with CHECK CONDITION status, with
sense key set to DATA PROTECT, and the additional sense code set to ZONE IS INACTIVE; and
bne, then the device server shall:

M) return logical block data set to the most recent initialization pattern that was set as described
4.53.1.4; and

B) not write any data for a read command, if any, that has the FUA bit set to one (see SBC-5).

command or a verify command specifies the reading of any LBA that is in a write pointer zone th:lt has

the

>

command or a verify command specifies the reading of one or more\LBAs that are in a write pointer

zone thgt has a Zone Condition of OFFLINE, then the device server shall terminate that command with CHECK

CONDIT]

OFFLIN

ION status, with the sense key set to DATA PROTECT, and the @dditional sense code set to ZONE IS
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4.5.3.2 Write pointer zone operations
4.5.3.2.1 Write pointer zone operations overview

The write pointer operations that are applicable to a device server for a zoned block device are summarized in
table 14.

Table 14 — Summary of write pointer zone operations

Operation Description Reference
Operations defined In this standard Tor Write pointer Zones b
close Zone operation Results in the Zone Condition becoming CLOSED 46.32.3
finish Zone operation Causes subsequent reads that specify logical sectors in the
zone that have not been written since the last time the Zone 45324
Condition was EMPTY to return the initialization pattern R
(see 4.5.3.1.4) and results in the Zone Condition beceming FULL
manage open zone Limits the number of open zones, if required, by-closing a zone 45328
resourg¢es operation with a Zone Condition of IMPLICITLY OPENED I
open zpne operation Results in the Zone Condition becoming-EXPLICITLY OPENED 2 45322
reset wWrite pointer operation | Results in the Zone Condition becoming EMPTY 45325
sequerjtialize zone Releases zone resources allogated for processing of 45326
operatipn non-sequential write operatiéns'in a zone B
zone aftivation operation Detects unmet prerequisites for zone activations and modifies 45327
the Zone Conditions,of’zones being activated and deactivated I
Operations defined in SBC-5 and@@\)diﬁed by this standard for write pointer zones
read operations Reads logjcal*block data stored in a write pointer zone or
initializatien’ pattern (see 4.5.3.1.4)
45329
write operations Writes logical block data stored in a write pointer zone and may
result in the Zone Condition being IMPLICITLY OPENED 2
8 The zone condition statesmachine (see 4.5.3.6) requires a manage open zone resources operation tp be
performed before thie Zone Condition is changed to IMPLICITLY OPENED or EXPLICITLY OPENED.
4.5.3.2.4 Open z6he operation
The opeh zoneloperation prepares a sequential write required zone (see 4.5.3.4) or sequential write prefefred
zone (sge'4:5.3.3) for writing (e.g., by allocating any open zone resources associated with that zone).

Prior to performing an open zone operation, the zone condition state machine (see 4.5.3.6) requires the device
server to:

1) perform a manage open zone resources operation (see 4.5.3.2.8); and
2) not perform that open zone operation if the OZR Available state machine variable (see 4.5.3.6.1) is set to
FAILURE.

For a sequential write required zone or sequential write preferred zone, the result of a successful open zone
operation is the Zone Condition becoming EXPLICITLY OPENED.
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If an open zone operation is performed on:

a) a sequential write required zone or a sequential write preferred zone with a Zone Condition of EXPLICITLY
OPENED; or
b) a sequential or before required zone (see 4.5.3.5),

then that operation has no effect and shall not be considered to be an error.

4.5.3.2.3 Close zone operation

A successful close zone operation annuls any preparations made for writing an open sequential write required

zone (s

4 5 3 4) or saauantialwrita nrafarrad zaong (saa 4 5 3 A (g a hyv daallacatina anv onaen zone.
+or3-4--0f GHeRHaWHHB-PH8+8HB8a—-Z0Re— oI 8- gy -G8anoeatHhRgaH -0 peR—<oh

resourcy

For a se
results ir

a)
b)

For a se
operatio

a)
b)

If a closq

a)
b)

then tha
4.5.3.2.4

A finish 3

a)

b)
The zon
EXPLICIT
Conditio
operatio

a)
b)

s associated with that zone).

Huential write required zone or a sequential write preferred zone, performing a close zoneroperati
the following becoming non-volatile:

hny logical block data stored in the specified write pointer zone; and
he zone attributes.

Huential write required zone or a sequential write preferred zone, the results of.a successful close
N are:

he Zone Condition becoming CLOSED; and
bll zone resources becoming persistent zone resources.

zone operation is performed on:

b sequential write required zone or a sequential write preférred zone with a Zone Condition of CLO
b sequential or before required zone (see 4.5.3.5),

operation has no effect and shall not be considered, to be an error.
Finish zone operation

rfone operation results in:

bl logical block data in the zone becoming:
) non-volatile; and

B) available for reading;

hnd

he Zone Condition becoming FULL.

b condition state machine (see 4.5.3.6) requires the specified zone to have a Zone Condition of
Y OPENED or IMPLICITLY OPENED before a finish zone operation is performed. If a zone with a Zone
h of EMPTY or GLOSED is specified for a finish zone operation, prior to processing the finish zone

n, then thezone condition state machine requires that:

h manage open zone resources operation (see 4.5.3.2.8) be performed; and
he,Zone Condition becomes IMPLICITLY OPENED.

The rest

DN

zone

BED; Or

It of a successful finish zone aperation is the Zone Condition hecoming EUI |

If a finish zone operation is performed on a zone with a Zone Condition of FULL, then that operation has no effect

and shal

| not be considered to be an error.

4.5.3.2.5 Reset write pointer operation

Unless it is performed on a zone associated with a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is
true, a reset write pointer operation results in the Zone Condition becoming EMPTY (e.g., the write pointer is set to

the lowe

st LBA in the zone).
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If a reset write pointer operation is performed on a zone:

a)
b)

with a Zone Condition of EMPTY; or
that is associated with a Restrict Write Pointer Reset realm attribute that is true,

then that operation has no effect and shall not be considered to be an error.

A reset write pointer operation is the only method for causing an invalid write pointer to become valid.

4.5.3.2.6 Sequentialize zone operation

A successful sequentialize zone operation results in:

a)

b)

he release of zone resources allocated for the processing of non-sequential write operations
see 4.5.3.3.2) in the specified write pointer zone; and
betting Non-Sequential Write Resources Active (see 4.3.6) to false.

If a sequentialize zone operation is performed on a zone with the Non-Sequential Write Reseurces Active
attribute|set to false, then that operation has no effect and shall not be considered to be an-error.

4.5.3.2.7 Zone activation operation

4.5.3.2.71.1 Zone activation operation overview

As part ¢

device sgrver identifies the candidate zones to activate and the candidate-zones to deactivate, if any, as d

in5.11.2

Of the two sets of candidate zones (i.e., the candidate zones to{agtivate and the candidate zones to deact
at least pne set contains at least one zone and one set may_cantain no zones.

The can

lidate zones to activate and the candidate zones.te deactivate are inputs to the zone activation

operatioh as defined in 4.5.3.2.7.

The perfprming of a zone activation operation shatl

a)
b)

brepare the parameter data defined in\5.11.3; and

nclude the performing of:

1) a verify activations operation-(see 4.5.3.2.7.2); and

P) a change activations operation (see 4.5.3.2.7.3), if

a) the command thatunitiated this zone activation operation is a ZONE ACTIVATE command
(see 5.11); and

b) no unmet prerequisites have been detected by the verify activations operation processed
step 1).

4.5.3.2.7.2 Verify activations operation

This subclause(iie., 4.5.3.2.7.2) describes the process of determining that all candidate zones to activate
(see 4.5|3.2,71) and candidate zones to deactivate, if any, (see 4.5.3.2.7.1) have appropriate characterist
activatiobh.or’deactivation

zone

f processing a ZONE ACTIVATE command (see 5.11) or a ZONE\QUERY command (see 5.12), the

bfined

vate),

in

cs for

Regardless of the value of the ALL bit in the command's CDB, the device server shall:

a)

initialize the following bits in the command's parameter data (see 5.11.3) by setting them to zero:
A) the SECURITY bit;

B) the NOT EMPTY bit;

C) the NOT INACT bit;

D) the MULT DOMN bit;

E) the RLM RSTCT bit;

F) the muLT zTYP bit; and

G) the RLM ALIGN bit;
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If the AL

a)

b)

If the AL

If the AA

ALIGN bif|to one, if:

Unmet prerequisites have been detected if'ahy of the following bits are set to one:

a)

Q>0 OO T
—_— — —

)

4.5.3.2.7.3 Change activations operation

ISO/IEC 14776-346:2024(en)

and

set the SECURITY bit to one, if any of the candidate zones to activate or candidate zones to deactivate, if
any, are affected by security restrictions outside the scope of this standard (e.g., specified by a TCG

security protocol).

L bit is set to one, the device server shall:

set the NOT EMPTY bit to one, if one or more of the candidate zones to deactivate, if any, have a Zone

Condition of CLOSED, EXPLICITLY OPENED, IMPLICITLY OPENED, or FULL; and

set the NOT INACT bit to one, if one or more of the candidate zones to activate have a Zone Condition of

CLOSED, EXPLICITLY OPENED, IMPLICITLY OPENED, Or FULL.

I DITIS Set 10 Zero, the device server snall.

bet the NOT EMPTY bit to one, if one or more of the candidate zones to deactivate, if any, have.a/Zq
Condition that is not EMPTY or INACTIVE (see table 50);
bet the NOT INACT bit to one, if one or more of the candidate zones to activate have a ZonéConditig
s not INACTIVE (see table 50);

set the MULT DOMN bit to one, if any of:

A\) the candidate zones to activate include zones in more than one zone domain; or

B) the candidate zones to deactivate, if any, include zones in more than one.zone domain;
bet the RLM RSTCT bit to one, if the Restrict Zone Activate realm attribute (see 4.4.3) is true for a rg
hat contains candidate zones to activate, if any, candidate zones to de€activate, if any;

bet the MULT zTYP bit to one, if all of the candidate zones to activate,.if ‘any, do not have the same
[ype (see 4.3.2).

DRB bit (see 6.5.2) is set to one and the ALL bit is set to zero, then the device server may set the R

he candidate zones to activate are not a single zonecfange;

candidate zones to deactivate, if any, are not a single zone range;

based on the parameter data returned by a REPORT REALMS command (see 5.6) processed
Eubsequent to the processing of the most recetZONE ACTIVATE command, FORMAT UNIT conmj
see SBC-5), or FORMAT WITH PRESET command (see SBC-5) as described in 4.2.4.7:
A\) the candidate zones to activate do netbegin and end on realm boundaries; or

B) candidate zones to deactivate, if any, do not begin and end on realm boundaries.

he SECURITY bit;

he NOT EMPTY bit;
he NOT INACT bit;
he MULT DOMN bit;
he RLM RSTCT bif;
he MULT zZTYP hit; or
he RLM ALIGN Bit.

ne

n that

alm

yone

mand

This subclause (i.e., 4.5.3.2.7.3) describes the related processes of zone activation and deactivation during the
processing of a ZONE ACTIVATE command (see 5.11). The processing in this subclause occurs only after the
candidate zones to activate (see 4.5.3.2.7.1) and candidate zones to deactivate, if any, (see 4.5.3.2.7.1) have
been determined to have the appropriate characteristics for activation or deactivation (see 4.5.3.2.7.2).

If the candidate zones for activation include more than one zone range, then the device server shall process the
zone ranges in increasing LBA order based on the starting LBA for each zone range.

For each zone range in the candidate zones for activation, if the AAORB bit (see 6.5.2) is set to:

a) zero, then the device server shall:
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A) activate all of the zones in the zone range to be activated by changing their Zone Condition to EMPTY;
and

B) deactivate the zones in the candidate zones for deactivation that correspond to the zone range that
has been activated by changing their Zone Condition to INACTIVE;

and

b) one, then for each realm in the zone range to be activated, the device server shall:

A) activate all of the zones in the zone range to be activated in that realm by changing their Zone
Condition to EMPTY; and

B) deactivate the zones in the candidate zones for deactivation in that realm by changing their Zone
Condition to INACTIVE.

The deviceserverstattsetthe ACTIVATED bit{See 5. 137110

a) one, if all zones were successfully processed; and
b) kero, if no zones were activated or deactivated as a result of performing the change activations
bperation.

After a power on or hard reset occurs during the performing of a change activations operation-the state of|the
candidate zones to activate and the candidate zones to deactivate depends on the AAORB bit as follows. Ifithe
AAORB bt is set to:

a) rero, then:
A\) all candidate zones for activation have been activated and all candidate zones for deactivatior] have
been deactivated; or
B) all candidate zones for activation have not been activated and,all candidate zones for deactivation
have not been deactivated;
bnd

b) ¢ne, then within each realm:

A\) all candidate zones for activation have been activated and all candidate zones for deactivatior] have
been deactivated; or
B) all candidate zones for activation have not been activated and all candidate zones for deactivation
have not been deactivated.

4.5.3.2.8§ Manage open zone resources operation
4.5.3.2.8.1 Manage open zone resources-operation overview

The marjage open zone resources opgration provides a way for the zone condition state machine to ensure that
a zone i$ allowed to become an open zone while maintaining the limits on the number of open zones that fhe
device sprver indicates in:

a) Ihe OPTIMAL NUMBER OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2); and
b) the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field (see 6.5.2).

The marjage open zone resources operation is performed only within the zone condition state machine. The
manage|open zofhe)resources operation sets the OZR Available state machine variable (see 4.5.3.6.1) to:

a) PUCCESS to indicate that sufficient open zone resources are available to allow a Zone Condition tg

becOme IMPLICITLY OPENED or EXPLICITLY OPENED; or

b) FATCURE to mdicate thatmsufficient OperT Zone TESOUTCES are avaitabte to attow a Zone Conaition t
become IMPLICITLY OPENED or EXPLICITLY OPENED.

For a sequential or before required zone (see 4.5.3.5) the device server:

a) shall not close any zones; and
b) shall set the OZR Available state machine variable to SUCCESS.

For write pointer zones other than sequential or before required zones, the manage open zone resources
operation:

a) determines whether open zone resources are available to allow a zone to become an open zone; and
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b) may close a zone with a Zone Condition of IMPLICITLY OPENED in order to make open zone resources
available.

As detailed in 4.5.3.2.8.2 for a sequential write preferred zone (see 4.5.3.3) and in 4.5.3.2.8.3 for a sequential
write required zone (see 4.5.3.4), an instance of the manage open zone resources operation sets the OZR
Available state machine variable to SUCCESS if:

a) closing a zone is not required in order to limit the number of open zones; or
b) azone is closed in order to limit the number of open zones,

otherwise, the manage open zone resources operation sets the OZR Available state machine variable to

FAILURE.

4.5.3.2.8

For a se

a)

b)
if the foll

where:

All mang
machine

4.5.3.2.9

For a se

a)
b)

if the foll

where:

.2 Select a sequential write preferred zone

huential write preferred zone (see 4.5.3.3), the device server:

may choose a sequential write preferred zone with a Zone Condition of IMPLICITLY QPENED and pert
Close zone operation (see 4.5.3.2.3) on that zone; and
Ehall set the OZR Available state machine variable to SUCCESS (see 4.5.3.2.8.1),

pwing formula evaluates to true:
(k<(x+y)) AND (y>0)

is the number of sequential write preferred zones with a Zone Condition of EXPLICITLY OPEN
is the number of sequential write preferred zones with‘a Zone Condition of IMPLICITLY OPEN;

is the contents of the OPTIMAL NUMBER OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field
(see 6.5.2).

variable to SUCCESS.
.3 Select a sequential write requiredzone

Huential write required zone (see'4;5.3.4), the device server:

should not select a zone to_be'closed; and
bhall set the OZR Available_state machine variable to SUCCESS (see 4.5.3.2.8.1),

pwing formula evaluates to true:

z>(xty)

is the number of sequential write required zones with a Zone Condition of EXPLICITLY OPEN;
is.the number of sequential write required zones with a Zone Condition of IMPLICITLY OPEN,;
is the contents of the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field

Tt

orm a

and

ge open zone resources operations on sequential write preferred zones set the OZR Available state

hnd

(see 8. 52)
\ 7
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For a sequential write required zone, the device server shall:

a) setthe OZR Available state machine variable to FAILURE; and

b) terminate the command that initiated the manage open zone resources operation with CHECK
CONDITION status, with sense key set to DATA PROTECT and the additional sense code set to
INSUFFICIENT ZONE RESOURCES,

if the following formula evaluates to true:

X>z
where:

IS The number or sequential write required zones with a Zone Lonaition or EXPLICIT OPEN, a d
4 is the contents of the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES (s€@ 6.5.2).

For a sefjuential write required zone, the device server shall:

a) thoose a sequential write required zone with a Zone Condition of IMPLICITLY OPENED and perform g close
rone operation (see 4.5.3.2.3) on that zone; and
b) s$et the OZR Available state machine variable to SUCCESS,

if the follpwing formula evaluates to true:

(z<(x+y))AND (y>0)
where:
is the number of sequential write required zones with a‘Zone Condition of EXPLICITLY OPEN;
is the number of sequential write required zones with a°Zone Condition of IMPLICITLY OPEN; &nd

is the contents of the MAXIMUM NUMBER OF OPEN.SEQUENTIAL WRITE REQUIRED ZONES field
(see 6.5.2).

Tt

4.5.3.2.9 Read operations, verify operations, and write operations

The effefts of the write pointer zones zone condition state machine (see 4.5.3.6) on the SBC-5 definitions|of the
read opgration, verify operation, and write operation are reviewed in this subclause (i.e., 4.5.3.2.9).

In zoned block devices, device servers perform read operations, verify operations, and write operations that
access Write pointer zones (see 4.5.3);

a) gs described in the zone condition state machine based on the Zone Condition of the specified wrjite
bointer zone;

b) s described in this_subclause (i.e., 4.5.3.2.9); and
c) gs described in SBC-5.

Before a write operationis allowed to be performed, the zone condition state machine ensures that a write
pointer Zone has a Zone Condition of EXPLICITLY OPENED or IMPLICITLY OPENED. If prior to performing a writ¢
operatiop the Zone-Condition is EMPTY or CLOSED, then:

a) f manage open zone resources operation (see 4.5.3.2.8) is performed; and
b) {f the'OZR Available state machine variable (see 4.5.3.2.8.1) is set to:

A) SUCCESS, then the Zone Condition becomes IMPLICITLY OPENED; and

B) FAILURE, then the write operation is terminated with an error before logical block data is written.

The result of a successful write operation on a write pointer zone with a Zone Condition of EMPTY or CLOSED is a
write pointer zone with a Zone Condition of IMPLICITLY OPENED.

The zone condition state machine may or may not require a read operation or a verify operation on a write
pointer zone with a Zone Condition of EMPTY or CLOSED to be processed without an error. The result of a
successful read operation or a verify operation on a write pointer zone with a Zone Condition of EMPTY or CLOSED
does not change the Zone Condition of that write pointer zone.
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For write pointer zones with a Zone Condition of INACTIVE or OFFLINE, access pattern requirements (see 4.5.3.1.5,
453.1.6,4.53.3.2,45.3.3.3,45.3.42,45.34.3,4.5.3.5.2, and 4.5.3.5.3) may affect:

a) read operations performed as a result of the device server processing read commands;
b) verify operations performed as a result of the device server processing verify commands; and
c) write operations performed as a result of the device server processing write commands.

For write pointer zones with a Zone Condition of READ ONLY, access pattern requirements (see 4.5.3.1.5,
45.3.3.2,4.5.3.4.2, and 4.5.3.5.2) may affect write operations performed as a result of the device server

processi

4.5.3.3 Sequentiat-writepreferred-zone-modet

4.5.3.3.1

A seque
commarn
may allg

4.5.3.3.4 Write access pattern requirements for sequential write preferred zones

A write command that starts at the write pointer of a sequential write preferred.Zone and ends at the highes

of that s

ng write commands.

Sequential write preferred zone model overview

htial write preferred zone is a write pointer zone (see 4.5.3.1) in which the device servéerallows wi

Cate non-sequential write zone resources for processing these writes (see 4.3.6),

bquential write preferred zone results in the Zone Condition changing‘to FULL.

ds that specify a starting LBA that is not equal to the associated zone’s write pointer, The device $erver

t LBA

Figure 1R shows an example of a write command that starts at the write pointer of a sequential write prefefred
zone.
lowest QV highest
LE;A - ‘ §\. e LBA
Y —
write pointer before write pointer after
write command write command
Key: Logical blocks written by-the write command
Logical blocks notwritten by the write command
Figure 12 — Example write command that starts at the write pointer
Figure 1B shows examples(ofywrite commands that do not start at the write pointer and, as a result, causelat
least on¢ non-sequential‘write operation to be performed.
A non-sgquential write\Operation shall result in:
a) the associated zone’s write pointer being set to an LBA that is:
A\) greater than or equal to the value of that write pointer before that operation; and
B){AeSs than or equal to the minimum of:
ar—ene-plus-the-highestEBA-written-in-the-zene-sinee-the-last-time-the Zenre-Conditien-wasEMPTY;
a—enephasthe-highes = e—Zore-stheethetas e-theZene-Condiion-was ;
and
b) the highest LBA in the zone;
or
b) the Zone Condition becoming FULL (e.g., the write pointer becoming invalid).
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Example write command that starts lower and ends at the initial write pointer
lowest highest
LBA LBA

5/—/
write pointer before write command

Example write command that starts lower and ends higher than the initial write pointer

Iqwest highest
 BA LBA

ﬁ/—/
write pointer before write command

Example write command that starts higher than the initial write pointer

Igwest highest
[BA LBA

\ﬁr—/
write pointer before write command

Key: Logical blocks written by the write command

Logical blocks not written by the write cammand

Figure 13 — Examples of write commangds.that do not start at the write pointer

If the deyice server processes a non-sequential write(operation to a sequential write preferred zone, then the
device sprver shall:

a) s$et the associated zone's write pointef to an LBA that is:
A\) greater than or equal to the value of that write pointer before that command was processed; and
B) less than or equal to the minimum of:
a) one plus the highest {.BA written in the zone since the last time the Zone Condition was EMPTY;
and

b) the highest LBA in the zone;

Dr

b) ¢ause the Zone Condition to become FULL.

If a non-$equential write,command completes without error and causes the Zone Condition to become FuLl, then
the devige server,shall complete that command or a subsequent command accessing that zone with GOQD
status with the.sense key set to COMPLETED and the additional sense code set to ZONE TRANSITION TO
FULL.

The devicerserver mayv incur delavs during the processing of subseguent commands if the device server
7J 4 ~J L ~J -

processes a command that results in:

a) the number of open sequential write preferred zones exceeding the value in the
OPTIMAL NUMBER OF OPEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2); or

b) the number of non-sequentially written sequential write preferred zones exceeding the value in the
OPTIMAL NUMBER OF NON-SEQUENTIALLY WRITTEN SEQUENTIAL WRITE PREFERRED ZONES field (see 6.5.2).

Regardless of the starting LBA in a write command, the resulting value of the write pointer is outside the scope of
this standard if:

a) atleast one logical block has been written;
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b) not all the logical blocks specified by the command have been written; and
c) write caching:
A) is not enabled and the write command is terminated with an error; or
B) is enabled and an error occurs after the command completes with success.

Write command requirements that affect all types of write pointer zones are described in 4.5.3.1.5.

4.5.3.3.3

Read access pattern requirements for sequential write preferred zones

A read command that accesses an LBA that has been written since the most recent time the Zone Condition was
EMPTY for that sequential write preferred zone shall return the most recent written logical block data. A read

command that accesses an LBA that has not been written since the most recent time the Zone Condition

EMPTY fg

a)

b) not write any data for a read command that has the FUA bit set to one (see SBC-5).

r that sequential write preferred zone shall:

eturn logical block data set to the most recent initialization pattern that was set as described.in 4.5
bnd

vas

3.1.4;

A verify gommand that accesses an LBA that has been written since the most recent time\the Zone Condifion
was EMPTY for that sequential write preferred zone shall use the most recent written data for that verify opefation.
A verify gommand that accesses an LBA that has not been written since the most.recent time the Zone Condition
was EMPTY for that sequential write preferred zone shall use logical block data setto the most recent initialigzation
pattern that was set as described in 4.5.3.1.4.

Read command requirements and verify command requirements that affect all types of write pointer zones are
described in 4.5.3.1.6.

4.5.3.4 Sequential write required zone model

4.5.3.4.1 Sequential write required zone model overview

A sequential write required zone is a write pointer zone (see 4.5.3.1) in which the device server requires tfat
write conmands specify a starting LBA that is equal to that zone’s write pointer.

4.5.3.4.3 Write access pattern requirements for sequential write required zones

If the deyice server processes a write command without error, then the write pointer is modified to indicatd the
LBA whgre a subsequent write operation within the zone shall be performed.

If the engling LBA of a write command that completed without error is equal to the highest LBA of a sequential
write required zone, then the"Zone Condition becomes FULL and the write pointer becomes invalid.

If the deyice server progesses a write command that is terminated with CHECK CONDITION status, then the
value of the write pginter may be unknown to the application client. The application client should use the
REPORT ZONES command (see 5.8) to determine the current write pointer and other zone attributes of the
sequential write-required zone.

If the val

ue'in'the MAXIMUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED ZONES field (see 6.5.2) is non-ze

0 and

the number of zones with a Zone Condition of EXPLICITLY OPENED is equal to the value in the MAXIMUM NUMBER OF
OPEN SEQUENTIAL WRITE REQUIRED ZONES field, then a command that writes to or attempts to open a sequential
write required zone with a zone condition of EMPTY or CLOSED is terminated with CHECK CONDITION status with
sense key set to DATA PROTECT and the additional sense code set to INSUFFICIENT ZONE RESOURCES
(see 4.5.3.2.8).

An entire medium write same command is a WRITE SAME (16) command with:

a) the LOGICAL BLOCK ADDRESS field set to zero; and
b) the NUMBER OF LOGICAL BLOCKS field set to:
A) zero (i.e., all logical blocks, ending with the last logical block on the medium); or
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B) the LBA of the last logical block on the logical unit plus one.

If the wWSNz bit is set to one in the Block Limits VPD page (see SBC-5) or the device server does not support the
NUMBER OF LOGICAL BLOCKS field set to the LBA of the last logical block on the logical unit plus one, then entire

medium

write same commands are not supported.

If the device server processes a write command with the starting LBA in a sequential write required zone with the
Zone Condition of FULL, then the device server terminates that command with CHECK CONDITION status, the
sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB.

The deV|ce server terminates with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST,

and the ;
medium

a)

b)

If the deyice server processes a write command, other than an entire medium write same ‘command, that
specifie§ an ending LBA that is not in the same sequential write required zone as the starting LBA, then th
device sgrver shall terminate that command with CHECK CONDITION status, with the'sense key set to ILL]

REQUE

Write command requirements that affect all types of write pointer zones are described in 4.5.3.1.5.

If the de
COMM

associatpd with the sequential write required zone specified by thé,LOGICAL BLOCK ADDRESS field of that
commarnld in the INFORMATION field of the sense data (see SPCZ6))

In a sequiential write required zone, if the device server is riet.able to write all of the logical blocks specifie
a write cpmmand before encountering an error that prevents further writing to the media, then the resulting
of the wijite pointer is outside the scope of this standard-’The host should use the REPORT ZONES comn
(see 5.8) to determine the current write pointer and other characteristics of the sequential write required z

If the de
equal to

b)

c)

EXAMPLE - For a sequential write required zone in a zoned block device with 8 logical blocks per physical block and t

LBAin a

rectable gnd the"Write pointer being set to LBA 16.

4.5.3.4.3 Read access pattern requirements for sequential write required zones

write same command, that specifies:

hat sequential write required zone; or
bn ending LBA that is not equal to the last logical block within a physical block (see SBE-5).

5T, and the additional sense code set to WRITE BOUNDARY VIOLATION:

ice server terminates a command with the additional sense code set to UNALIGNED WRITE
ND or WRITE BOUNDARY VIOLATION, then the device senver shall return the valid write pointer

ice server processes a WRITE LONG\¢ommand with the WR_UNCOR bit set to one and the startin
the write pointer of a sequential write required zone, then the device server shall:

mark all of the logical blocks in-that physical block as uncorrectable;

modify the write pointer to be.one greater than the LBA of the highest numbered logical block that
marked as uncorrectable, ifthe highest numbered logical block that was marked as uncorrectable
he highest numbered_ logical block in that zone; and

change the Zone Condition to FULL, if the highest numbered logical block that was marked as unc
ectable is the highest numbered logical block in that zone.

bhysical block is LBA 8. AWRITE LONG command with LBA 8 results in LBAs 8 through 15 being marked as

tire

he starting LBA in a sequential write required zone set to a value that is not equal to the write-poinfter for

e
EGAL

1 by
value
and
bne.

j LBA

was
is not

DIr-

he first
uncor-

If the URSWRZ bit (see 6.5.2) is set to one and the device server processes a read command or a verify
command:

a)

with the starting LBA:
A) less than the write pointer and the ending LBA greater than or equal to the write pointer in the
sequential write required zone; or

same

B) greater than or equal to the write pointer and the ending LBA in the same sequential write required

Zone;
or
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with:
A) the ending LBA in a different sequential write required zone than the starting LBA; and
B) each LBA specified by the command in a sequential write required zone,

then, for any LBA that:

a)

b)

Read command requirements and verify command requirements that affect all types of write pointer zone
described in 4.5.3.1.6.

If the de
DATA or

associatpd with the sequential write required zone, if any, specified by the £OGICAL BLOCK ADDRESS field of
commarld in the INFORMATION field of the sense data (see SPC-6).

4.5.3.4.4 Opening Sequential Write Required zones

If the nu
the MAXI

write cornmand) that attempts to cause a sequential write'required zone that is not an open zone to becon

open zo

4.5.3.5 Sequential or before required zone model

4.5.3.5.1 Sequential or before required’zone model overview

A seque

specify g starting LBA that is equal'to or less than that zone's write pointer.

4.5.3.5.4 Write access pattern requirements for sequential or before required zones

If the de
write poi
required
logical b

If the en

contains logical block data written since the most recent time the Zone Condition was EMPTY for the

sequential write required zone being read or verified, the device server shall process the command
the logical block data; or

using

does not contain logical block data written since the most recent time the Zone Condition was EMPTY for

that was set as descried in4.5.3.14; and
B) for an LBA that is being read:

4.53.1.4; and
b) not write any data for a read command that has the FUA bit set to one (see SBC-5).

ice server terminates a command with the additional sense code set to ATTEMPT TO READ INV
READ BOUNDARY VIOLATION, then the device server shall return the valid write pointer, if any,

mber of sequential write required zones with Zone Céndition EXPLICITLY OPENED is equal to the va
MUM NUMBER OF OPEN SEQUENTIAL WRITE REQUIRED.ZONES field (see 6.5.2), then any command (e.

he is terminated with an error as described in‘the zone condition state machine (see 4.5.3.6).

htial or before required zone\sa write pointer zone in which the device server allows write comm{

ice server processes a write command without error and the ending LBA is greater than or equal

zone is'set to the ending LBA plus one (i.e., the write pointer minus one indicates highest LBA for
ock data is available to be read).

a) return logical block data set to the most recent initialization pattern that was set as descrilped in

b are

ALID

that

ue in
b., a
he an

nds

to the

hter in the-ldst sequential write required zone written, then the write pointer for that sequential or lpefore

which

'Iing LBA of a write command-that r‘nmplafnrl without error is P=Yall 1altothe highaef LBA of g seguen

tial or

before required zone, then the Zone Condition becomes FULL and the write pointer becomes invalid.

If the device server processes a write command that is terminated with CHECK CONDITION status, then
the value of the write pointer may be unknown to the application client. The application client should use the
REPORT ZONES command (see 5.8) to determine the current write pointer and other zone attributes of the
sequential or before required zone.
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The device server terminate with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST,
and the additional sense code set to UNALIGNED WRITE COMMAND a write command that:

a) specifies a starting LBA in a sequential or before required zone set to a value that is greater than the
write pointer for that sequential or before required zone; or
b) attempts to cause the sequential or before required zone specified by the ending LBA to have a valid
write pointer that is not equal to the first logical sector within a physical sector (see SBC-5).

Write co

mmand requirements that affect all types of write pointer zones are described in 4.5.3.1.5.

If the device server terminates a command with the additional sense code set to UNALIGNED WRITE
COMMAND or WRITE BOUNDARY VIOLATION, then the device server shall return the valid write pointer, if

any, ass

commarld in the INFORMATION field of the sense data (see SPC-6).

In a seq

bciated with the sequential or before required zone specified by the LOGICAL BLOCK ADDRESS field

iential or before required zone, if the device server is not able to write all of the logical blocks spe

pf that

cified

by a write command before encountering an error that prevents further writing to the media an@the ending LBA

specifieq by the write command is:

a)
b)

If the de

less thanp or equal to the write pointer of a sequential or before required zone), then the device server shall

b)

c)

EXAMPL
first LBA

uncorrectpble and the write pointer being set to LBA46.

4.5.3.5.3 Read access pattern requirements for sequential or before required zones

The dev

the senske key set to ILLEGAL REQUEST, and the additional sense code set to ATTEMPT TO READ INVA

DATA, if

a)
b)

If the URBWRZ bit is set to one and the device server processes a read command or a verify command with

ess than the write pointer, then the write pointer shall not be changed; and
preater than or equal to the write pointer, then the resulting value of the write.pdinter is outside the
pf this standard.

ice server processes a WRITE LONG command with the WR_UNCORbit’set to one and the startin

mark all of the logical blocks in that physical block as uncorregtable;

modify the write pointer to be one greater than the LBA of.the-highest numbered logical block that
marked as uncorrectable, if the highest numbered logicahblock that was marked as uncorrectable
he highest numbered logical block in that zone; and

change the Zone Condition to FULL, if the highest numbered logical block that was marked as unc
ectable is the highest numbered logical block in‘that zone.

E - For a sequential or before required zone in azoned block device with 8 logical blocks per physical block 4
n a physical block is LBA 8. AWRITE LONG-¢ommand with LBA 8 results in LBAs 8 through 15 being markg

ce server shall terminate aread command or a verify command with CHECK CONDITION status

he URSWRZ bit (see 6.5.2) is set to zero; and

hat command.specifies an LBA:

\) in a sequential or before required zone that has a Zone Condition of EMPTY; or

B) thatis._greater than or equal to the write pointer in a sequential or before required zone that do
have a Zone Condition of FULL.

S5cope

y LBA

was
is not

nd the
d as

with
LID

s not

no

other errors (e.g., the errors described in 4.5.3.1.6), then, for any LBA that:

a)

b)

contains logical block data written since the most recent time the Zone Condition was EMPTY for the

sequential write required zone being read or verified, the device server shall process the command
the logical block data; or

using

does not contain logical block data written since the most recent time the Zone Condition was EMPTY for

the sequential write required zone being read or verified, the device server shall:

A) for an LBAthat is being verified, use the logical block data set to the most recent initialization pattern

that was set as described in 4.5.3.1.4; and
B) for an LBAthat is being read:
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a) return logical block data set to the most recent initialization pattern that was set as described in

4.5.3.1.4; and
b) not write any data for a read command that has the FUA bit (see SBC-5) set to one.

Read command requirements and verify command requirements that affect all types of write pointer zones are
described in 4.5.3.1.6.

If the device server terminates a command with the additional sense code set to ATTEMPT TO READ INVALID

DATA or

READ BOUNDARY VIOLATION, then the device server shall return the valid write pointer, if any,

associated with the sequential or before required zone, if any, specified by the LOGICAL BLOCK ADDRESS field
of that command in the INFORMATION field of the sense data (see SPC-6).

4.5.3.6 Z
4.5.3.6.1

There is
figure 14
following

Q0 Q0 T QO
—_——_—— -

specified
FINISH ]
Informat
condition

Unless g
state aft

The initigl state for a write pointer zone after power on is:

a)

YC1:Empty (see 4.5.3.6.2);
yC2:Implicit_Open (see 4.5.3.6.3);
Y C3:Explicit_Open (see 4.5.3.6.4);

) EC7:0ffline (see 4.5.3.6.8); and
) KCB8:lnactive (see 4.5.3.6.9).

Each zope condition state machine is an integral part of the device server that participates in the processi

one condition state machine
Zone condition state machine overview

one zone condition state machine for each write pointer zone. The zone condition. state machine
) controls the operation of each write pointer zone. The zone condition state mathine consists of
states:

C4:Closed (see 4.5.3.6.5);
Y C5:Full (see 4.5.3.6.6);
YC6:Read_Only (see 4.5.3.6.7);

commands and in the performing of specified.operations. The processing of a single command (
YONE command (see 5.3)) may include zero(or more transitions in the zone condition state mach
on about device server progress in the processing of such commands affects transitions in the zg
state machine.

therwise specified in the zone condition state machine, the device server shall maintain zone con
br any condition changes or SGSI events (see SAM-6) except for a power on.

he ZC1:Empty state.if}
A\) the zone type is'sequential or before required and the most recent Zone Condition was EMPT
B) the zone type is not sequential or before required and:

a) the write pointer is valid and indicates the lowest LBA in the zone; and

b) Nof+~Sequential Write Resources Active (see 4.3.6) is false;
he ZC2:lmplicit_Open state if the zone type is sequential or before required (see 4.5.3.5) and the
ecent Zone Condition was IMPLICITLY OPENED;
he ZC4:Closed state, if the zone type is not sequential or before required and:

see
he

hg of
2.g., a
ne.

dition

, or

most

) the write. pninfnr isvalid and indicates an LBA that is not the lowest LBA. inthe Zone; or

B) Non-Sequential Write Resources Active is true;
d) the ZC5:Full state, if the most recent Zone Condition was FULL;
e) the ZC6:Read_Only state, if the most recent Zone Condition was READ ONLY;
f) the ZC7:0Offline state, if the most recent Zone Condition was OFFLINE; and
g) the ZC8:Inactive state, if the most recent Zone Condition was INACTIVE.

Upon co
describe

mpletion of a sanitize operation the Zone Condition (i.e., zone state) of each write pointer zone is
din 4.11.

This state machine shall maintain the OZR Available state machine variable to indicate the success or failure of
the most recent manage open zone resources operation (see 4.5.3.2.8).
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The characteristics associated with the state of a zone are summarized in table 15.

Table 15 — Characteristics associated with zone state

Zone characteristics
Open zone Accessible for
Write pointer resources
State valid 2 in use ® Reads | Writes
ZC1:Empty state Yes No see © see ¢
ZC2:Implicit_Open state Yes Yes Yes Yes
ZC3:Explicit_Open state Yes Yes Yes Yes
ZC4:Closed state Yes No Yes see
ZC5:Full state No No Yes see ©
ZC6:Read_Only state No No Yes No
ZCT7:0Offline state No No No No
ZC8:Inactive state No No see © No

A valid write pointer (i.e., Yes) indicates a specific LBA in the zone as described
in 4.5.3.1. An invalid write pointer (i.e., No) provides no information.
See 4.5.3.1.3.
This zone is accessible for reads if:
a) the zone type is sequential write preferred (see 4.5.3.3.3); or
b) the URSWRZz bit (see 6.5.2) is set4o one and the zone type is:

A) sequential write required.(see 4.5.3.4.3); or

B) sequential or before required (see 4.5.3.5.3).
This zone is accessible for wfites if the manage open zone resources operation
(see 4.5.3.2.8) is able to complete with success and the zone transitions to the
ZC2:Implicit_Open state.
This zone is accessible for writes if the zone type is sequential write preferred
(see 4.5.3.3.2) or sequential or before required (see 4.5.3.5.2).
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ZC1:Empty ZC2:Implicit_Open ZC4:Closed
(see 4.5.3.6.2) (see 4.5.3.6.3) (see 4.5.3.6.5)
.
-1
-
< -
~
N -
~
-
ZC5:Full
(see 4.5.3.6.6)
ZC9:Inactive \
(see 4.5.3.6.9) -
4—\
;—>
ZC3:Explicit-Open
(see 4.5:3.6.4)
» I
-
4—)
]
ZC6:Read_Only ZC7:0Offline
(see 4.5.3.6.7) (see 4.5.3.6.8)
From all zone cendition From all zone condition states

stgtes, exceptZC7:Offline

Figure 14 — Zone condition state machine
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4.5.3.6.2 ZC1:Empty state

4.5.3.6.2.1 ZC1:Empty state overview

While in this state:

4.5.3.6.4.2 Transition ZC1:Empty to ZC2:Implicit_Open

This trarfsition shall occur if:

1)

2)

4.5.3.6.4.3 Transition ZC1.Empty to ZC3:Explicit_Open

This trar]sition shall’6ccur if:

1)

2)

Zone Condition shall be set to EMPTY;
the write pointer is valid and indicates the lowest LBA in the zone;

all zone resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resources

shall not be used);
RWP Recommended is set as defined in 4.3.5;

on-Sequential Wite RESOUTCes ACUVE 1S Set as defined n 4.3.0,

Predicted Unrecovered Errors Present is set as defined in 4.3.7;

f the device server begins to perform:

A\) a write operation;

B) a finish zone operation; or

C) an open zone operation (i.e., as part of processing an OPEN ZONE command),
hen, the device server shall:

Available state machine variable (see 4.5.3.6.1); and

ZONE RESOURCES;
and

bnd process the read command that resulted in the read operation as described in:
A\) 4.5.3.3.3 for sequential write preferred zones;

B) 4.5.3.4.3 for sequential write required zones; and

C) 4.5.3.5.3 for sequential or before required zones.

hs described in 4.5.3.6.2.1, the deviCe server begins to perform:

A\) a write operation; or

B) a finish zone operation;

hnd

he OZR Available state"machine variable (see 4.5.3.6.1) is set to SUCCESS.

bs described in 4.5.3.6.2.1, the device server performs an open zone operation (i.e., as part of
bracessing an OPEN ZONE command); and

1) perform a manage open zone resources operation (see 4.5.3.2.8), including the setting of the|OZR
P) if the OZR Available state machine variable is set to FAILURE, then the device server shall ternjinate

the command that initiated the manage open zone resources operation with CHECK CONDITION
status, with sense key set to DATA PROTECT and the additiorial, sense code set to INSUFFIGIENT

f the device server performs a read operation, then the device server shall perform the read operation

he.OZR Available state machine variable (see 4.5.3.6.1) is set to SUCCESS.

4.5.3.6.2.4 Transition ZC1:Empty to ZC6:Read_Only

This transition may occur for reasons outside the scope of this standard.

4.5.3.6.2.5 Transition ZC1:Empty to ZC7:0ffline

This transition may occur:

a)

as a result of media failure (see 4.6.4);
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b) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
c) for reasons outside the scope of this standard.

4.5.3.6.2.6 Transition ZC1:Empty to ZC8:Inactive

This transition shall occur upon successful completion of a change activations operation (see 4.5.3.2.7.3) that
deactivates this zone.

4.5.3.6.3 ZC2:Implicit_Open state

4.5.3.6.3

While in

4.5.3.6.3

This trar

a)
b)

4.5.3.6.3

This trarn
OPEN Z

| ZC2:4mplicit_O tat :

this state:

Yone Condition shall be set to IMPLICITLY OPENED;

he write pointer (see 4.5.3.1) is valid;

bl zone resources (e.g., the write pointer) shall be open zone resources, persistept zone resourcq
poth (i.e., this zone uses the open zone resources allocated to it);

RWP Recommended zone shall be maintained as defined in 4.3.5;

Non-Sequential Write Resources Active shall be maintained as defined in 4.3.6;

Predicted Unrecovered Errors Present is set as defined in 4.3.7;

f the device server performs a write operation, then the device servershall perform the write oper
bnd process the write command that resulted in the write operatiof as described in:

) 4.5.3.3.2 for sequential write preferred zones;

B) 4.5.3.4.2 for sequential write required zones; and

C) 4.5.3.5.2 for sequential or before required zones;

bnd

bhnd process the read command that resulted in the¥ead operation as described in:
M) 4.5.3.3.3 for sequential write preferred zones;

B) 4.5.3.4.3 for sequential write required zones; and

C) 4.5.3.5.3 for sequential or before required zones.

.2 Transition ZC2:Implicit_Open to-ZC1:Empty

sition shall occur:

ipon successful completian of a reset write pointer operation; or

f the write pointer is at the lowest LBA of the zone and Non-Sequential Write Resources Active
see 4.3.6) is false, then*upon successful completion of:

A\) a close zone eperation for this zone; or

B) a manage open zone resources operation for a different zone that selects this zone to be clos

.3 Transition ZC2:Implicit_Open to ZC3:Explicit_Open

S, or

ation

f the device server performs a read operation, then thé device server shall perform the read operation

ONE’ command).

sition shall occur upon successful completion of an open zone operation (i.e., as part of processir|vg an

4.5.3.6.3.4 Transition ZC2:Implicit_Open to ZC4:Closed

If the write pointer is not at the lowest LBA of the zone or Non-Sequential Write Resources Active (see 4.3.6) is
true, then this transition shall occur upon successful completion of:

a) aclose zone operation for this zone; or
b) a manage open zone resources operation for a different zone that selects this zone to be closed.
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4.5.3.6.3.5 Transition ZC2:Implicit_Open to ZC5:Full

For a sequential write required zone, this transition shall occur upon successful completion of:

a) afinish zone operation in this zone; or
b) a write operation that writes from the write pointer to the highest LBA in the zone.

For a sequential write preferred zone, this transition:

a) may occur upon successful completion of a non-sequential write operation (see 4.5.3.3.2);
b) shall occur upon successful completion of a write operation that writes from the write pointer to the
highest LBA in this zone; and

c)

For a se
operatio

4.5.3.6.3
This trar
4.5.3.6.3

This trarn

4.5.3.6.4
4.5.3.6.4

While in

Ehall occur upon a successtul completion of a finish zone operation In this zone.

uential or before required zone, this transition shall occur upon successful completion of acwrite

n with a starting LBA less than or equal to the write pointer that writes the highest LBA in this zong.

.6 Transition ZC2:Implicit_Open to ZC6:Read_Only
sition may occur for reasons outside the scope of this standard.
.7 Transition ZC2:Implicit_Open to ZC7:0ffline

sition may occur:

bs a result of media failure (see 4.6.4);
bs the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
or reasons outside the scope of this standard.

ZC3:Explicit_Open state
.1 ZC3:Explicit_Open state overview

this state:

Yone Condition shall be set to EXPLICITLY OPENED;

he write pointer (see 4.5.3.1) is valid;

bll zone resources (e.g., the write pointer) shall be open zone resources, persistent zone resourcq
poth (i.e., this zone uses the.@pen zone resources allocated to it);

RWP Recommended shallkbé maintained as defined in 4.3.5;

Non-Sequential Write Resources Active shall be maintained as defined in 4.3.6;

Predicted Unrecovered*Errors Present is set as defined in 4.3.7;

f the device server performs a write operation, then the device server shall perform the write opet
hnd process the write command that resulted in the write operation as described in:

") 4.5.3.32for sequential write preferred zones; and

B) 4.5.3(4)2 for sequential write required zones;

bnd

S, or

ation

f the\device server performs a read operation, then the device server shall perform the read opethion

bndvprocess the read command that resulted in the read operation as described in:

A) 4.5.3.3.3 for sequential write preferred zones; and
B) 4.5.3.4.3 for sequential write required zones.

4.5.3.6.4.2 Transition ZC3:Explicit_Open to ZC1:Empty

This transition shall occur upon successful completion of:

a) areset write pointer operation; or
b) a close zone operation, if the write pointer is at the lowest LBA of the zone and Non-Sequential Write
Resources Active (see 4.3.6) is false.
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4.5.3.6.4.3 Transition ZC3:Explicit_Open to ZC4:Closed

This transition shall occur upon successful completion of a close zone operation, if the write pointer is not at the
lowest LBA of the zone or Non-Sequential Write Resources Active (see 4.3.6) is true.

4.5.3.6.4.4 Transition ZC3:Explicit_Open to ZC5:Full

For a sequential write required zone, this transition shall occur upon successful completion of:

a)
b)

For a se

4.5.3.6.4.5 Transition ZC3:Explicit_Open to ZC6:Read_Only
This trarjsition may occur for reasons outside the scope of this standard.
4.5.3.6.4.6 Transition ZC3:Explicit_Open to ZC7:0Offline

This transition may occur:

4.5.3.6.4 ZC4:Closed state
4.5.3.6.9.1 ZC4:Closed state overview

While in

i)

a finish zone operation in this zone; or
a write operation that writes from the write pointer to the highest LBA in the zone.

Huential write preferred zone, this transition:

may occur upon successful completion of a non-sequential write operation (see 4.5.3.3.2);

nighest LBA in this zone; and
bhall occur upon a successful completion of a finish zone operation in this zone.

bs a result of media failure (see 4.6.4);
bs the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
or reasons outside the scope of this standard.

this state:

Vone Condition shall be set to/CLOSED;
he write pointer (see 4.5.31).is valid;
il zone resources (e.g., the"write pointer) shall be persistent zone resources (i.e., open zone resd
bhall not be used);

bl logical block data shall be stored on the medium or in non-volatile cache;
RWP Recommendéd shall be maintained as defined in 4.3.5;

Non-Sequential Write Resources Active shall be maintained as defined in 4.3.6;
Predicted-Unrecovered Errors Present is set as defined in 4.3.7;

f the deviee server begins to perform:

\) & write operation;

B)<<a-finish zone operation; or

Ehall occur upon successful completion of a write operation that writes from the write painter to th¢

Al wbaf OREAN _ZAONIC
A=Al | =

Jl art UPUII LVUTTO U'JUICAt;UII (;.U., Ao r.lclll. A\ | PIU\.’UOO;IIU L= LI B == B J = 1 LUTTImTrrar Id),
then, the device server shall:
1) perform a manage open zone resources operation (see 4.5.3.2.8), including the setting of the

Available state machine variable (see 4.5.3.6.1); and

urces

OZR

2) if the OZR Available state machine variable is set to FAILURE, then the device server shall terminate
the command that initiated the manage open zone resources operation with CHECK CONDITION
status, with sense key set to DATA PROTECT and the additional sense code set to INSUFFICIENT

ZONE RESOURCES;
and

if the device server performs a read operation, then the device server shall perform the read operation

and process the read command that resulted in the read operation as described in:
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A) 4.5.3.3.3 for sequential write preferred zones; and
B) 4.5.3.4.3 for sequential write required zones.

4.5.3.6.5

.2 Transition ZC4:Closed to ZC1:Empty

This transition shall occur upon successful completion of a reset write pointer operation.

4.5.3.6.5

This tran

.3 Transition ZC4:Closed to ZC2:Implicit_Open

sition shall occur if:

1) fs described in 45.3.6.2.7, The device server begins o perform:
A\) a write operation; or

B) a finish zone operation;

bnd

2)
4.5.3.6.5

This trar

1) fs described in 4.5.3.6.2.1, the device server performs an open zone Qpeération (i.e., as part of
brocessing an OPEN ZONE command); and

2)
4.5.3.6.5

This trarn

4.5.3.6.3.6 Transition ZC4:Closed to ZC7:0ffline

This trar

4.5.3.6.6

4.5.3.6.6

While in

o 0O T o
e

he OZR Available state machine variable (see 4.5.3.6.1) is set to SUCCESS.
.4 Transition ZC4:Closed to ZC3:Explicit_Open

sition shall occur if:

he OZR Available state machine variable (see 4.5.3.6.1) is set {0.SUCCESS.
.5 Transition ZC4:Closed to ZC6:Read_Only

sition may occur for reasons outside the scope of this)standard.

sition may occur:

bs a result of media failure (see 4.6.4);
bs the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
or reasons outside the scope of this'standard.

ZC5:Full state
.1 ZC5:Full state overview

this state:

yone Condition'shall be set to FULL;

he write pointer is invalid;

il LBAs-in the zone are able to return logical block data in response to a read command;
bl zone resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resq

shall’not be used);

e) all logical block data shall be stored on the medium or in non-volatile cache;
f)  RWP Recommended shall be maintained as defined in 4.3.5;
g) Non-Sequential Write Resources Active shall be maintained as defined in 4.3.6;
h) Predicted Unrecovered Errors Present is set as defined in 4.3.7;
i) if the device server performs a write operation, then the device server shall perform the write operation
and process the write command that resulted in the write operation as described in:
A) 4.5.3.3.2 for sequential write preferred zones;
B) 4.5.3.4.2 for sequential write required zones; and
C) 4.5.3.5.2 for sequential or before required zones;
and
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j) if the device server performs a read operation, then the device server shall perform the read operation
and process the read command that resulted in the read operation as described in:
A) 4.5.3.3.3 for sequential write preferred zones;
B) 4.5.3.4.3 for sequential write required zones; and
C) 4.5.3.5.3 for sequential or before required zones.

4.5.3.6.6.2 Transition ZC5:Full to ZC1:Empty

This transition shall occur upon successful completion of a reset write pointer operation.

4.5.3.6.6

This trar

4.5.3.6.6

This trar

4.5.3.6.7

4.5.3.6.7

While in

With the

standard.

.3 Transition ZC5:Full to ZC6:Read Only

sition may occur for reasons outside the scope of this standard.
.4 Transition ZC5:Full to ZC7:0ffline

sition may occur:

bs a result of media failure (see 4.6.4);
bs the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
or reasons outside the scope of this standard.

ZC6:Read_Only state
.1 ZC6:Read_Only state overview

this state:

Yone Condition shall be set to READ ONLY;

he write pointer is invalid;

bl zone resources (e.g., the write pointer) shall’be persistent zone resources (i.e., open zone resq
shall not be used);

RWP Recommended is set as defined in-4:3.5;

Non-Sequential Write Resources Active'is set as defined in 4.3.6;

Predicted Unrecovered Errors Present is set as defined in 4.3.7;

f the device server performs a.write operation or a finish zone operation, then the device server s
erminate the command that-résulted in the operation with CHECK CONDITION status, with the s
ey set to DATA PROTECT, and additional sense code set to ZONE IS READ ONLY; and

hnd process the readseommand that resulted in the read operation as described in:
) 4.5.3.3.3 for sequential write preferred zones;

B) 4.5.3.4.3 far sequential write required zones; and

C) 4.5.3.5,3forF sequential or before required zones.

exception of transitions to the ZC7:0Offline state, transitions out of this state are outside the scope

4.5.3.6.7

urces

hall
bnse

f the device server performs a read operation, then the device server shall perform the read operation

Df this

This transition may occur:

a
b
c
d

) as a result of media failure (see 4.6.4);

) as the result of performing a sanitize operation (see 4.11);

) as the result of processing a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5); or
) for reasons outside the scope of this standard.
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4.5.3.6.8 ZC7:0ffline state

While in this state:

a) Zone Condition shall be set to OFFLINE;

b) the write pointer is invalid;

c) all zone resources (e.g., the write pointer) shall be persistent zone resources (i.e., open zone resources
shall not be used);

d) RWP Recommended is set as defined in 4.3.5;

e) Non-Sequential Write Resources Active is set as defined in 4.3.6; and

f) if the device server performs a read operation, a write operation, or a finish zone operation, then the

Evice server shall terminate the command that resulted in the operation with CHECRK CONDITION

btatus, with the sense key set to DATA PROTECT, and additional sense code set to ZONE IScOFFLINE.

All transitions out of this state are outside the scope of this standard.
4.5.3.6.9 ZC8:Inactive state
4.5.3.6.9.1 ZC8:Inactive state overview

While inlthis state:

a) ¥one Condition shall be set to INACTIVE;
b) the write pointer is invalid;

c) fll zone resources (e.g., the write pointer) shall be persistent zen€resources (i.e., open zone resqurces
bhall not be used);

d) RWP Recommended is set as defined in 4.3.5;

e) Non-Sequential Write Resources Active is set as defined'in 4.3.6;
f)  Predicted Unrecovered Errors Present is set as defined in 4.3.7;
g) [f the device server performs a write operation or, a-finish zone operation, then the device server spall
erminate the command that resulted in the operation with CHECK CONDITION status, with the sgnse
ey set to DATA PROTECT, and additional sense code set to ZONE IS INACTIVE; and
h) if the device server performs a read operation, then the device server shall perform the read operation
hnd process the read command that resulted in the read operation as described in 4.5.3.1.6.

4.5.3.6.9.2 Transition ZC8:Inactive to ZC1:Empty state

This trarjsition shall occur upon successful completion of a change activations operation (see 4.5.3.2.7.3) that
activateg this zone.

a) shallmot be reported by:
)'the REPORT ZONE DOMAINS command (see 5.7); or

and
b) shall be reported by the REPORT ZONES command (see 5.8).

If a write command specifies the writing of one or more LBAs that are in a gap zone, then the device server shall
terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, the
additional sense code set to ATTEMPT TO ACCESS GAP ZONE and the INFORMATION field (see SPC-6) set

to the lesser of:

a) the starting LBA of the write command: or
b) the zone ID of the first accessed gap zone.
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command specifies the reading of one or more LBAs that are in a gap zone and the URSWRZ bit
.2) is set to:

a) zero, then the device server shall terminate the command with CHECK CONDITION status, with the
sense key set to ILLEGAL REQUEST, the additional sense code set to ATTEMPT TO ACCESS GAP
ZONE and the INFORMATION field set to the lesser of:
A) the starting LBA of the read command: or

B) the zone ID of the first accessed gap zone;

and
b) one, then the device shall process all read command accesses to LBAs that are in a gap zone using the

initialization pattern as described in 4.5.3.1.4.

4.6 Zoned block device extensions to block device model

4.6.1 OVlerview

Zoned b

4.6.2 Zo

A zoned

ock devices extend some capabilities defined in SBC-5 as described in 4.6.
hed block device internal resource management

block device requires internal resources (e.g., persistent zone resources) to maintain each zone.

Insufficignt resources may result in degraded functionality (e.g., reduced.pefformance, increased power
consumjption, or increased reporting of write errors).

A RESET

bit set to one in a zone descriptor (see 5.8.2) indicates that an insufficient resources condition has

detected for that zone.

An appli
POINTE|
the appl

cation client that detects the RESET bit being set to‘0ne may respond by sending a RESET WRITE
R command (see 5.9) that specifies that zone. Before sending the RESET WRITE POINTER com
cation client may copy the logical block data‘in the affected zone to another location.

4.6.3 Unexpected power removal

If power
loss exp

)
)

O T o

then an

An unex
be upda

is removed from a zoned block device prior to the device server completing the processing of a p
bcted event (see SAM-6) and:

here are partially completed’ write operations;
here is logical block data in volatile write cache; or
rone attributes for completed write operations are not stored in persistent zone resources,

inexpected powerremoval condition has occurred.

bected powerremoval condition may result in zone attributes for partially completed write comma
ed to reflect the partial logical block data written to the medium (e.g., a write pointer may indicate

LBA plug oneof\the last logical block that the device server attempted to write before the unexpected pow

removall.

If:

been

mand,

pwer

hds to
the

1) write caching is disabled (see SBC-5);
2) a write command completes without error; and
3) an unexpected power removal occurs,

then, after power is restored, a read command that completes without error for an LBA included in that write
command shall return the logical block data that was written by that write command before the unexpected
power removal.
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1) a write command with the FUA bit set to one (see SBC-5) completes without error; and
2) an unexpected power removal occurs,

then, after power is restored, a read command that completes without error for an LBA included in that write
command shall return the logical block data that was written by that write command before the unexpected
power removal.

If:
1) a write command completes without error;
2) S\Illk‘llci :RC?‘;:ZE UAC: :E CUITITTIatl IU \DUC SUC'S) bUIIIP:CtCD VV;thUUt CITur, dai I\.JI
3) g@n unexpected power removal occurs,

then, after power is restored, a read command that completes without error for an LBA included incthat write
command shall return the logical block data that was written by that write command before the, inexpected
power rgmoval.

If:

1) & verify command (see SBC-5) completes without error; and
2) an unexpected power removal occurs,

then, after power is restored, a read command that completes without error foran LBA included in that vefify
command shall return the logical block data that was accessed by that verify)command before the unexpected
power rgmoval.

For sequential write required zones, if an unexpected power loss results in unwritten logical blocks in LBAs
smaller than the write pointer for a zone and read operations agCess the unwritten logical blocks for that zpne,
then the|device server shall terminate the operation with CHEEK CONDITION status with sense key set t¢
MEDIUM ERROR with additional sense code set to UNWRITTEN DATA IN ZONE.

After an junexpected power removal condition, the parameter data returned by a REPORT ZONES
command (see 5.8) may contain write pointers that do not correspond to the ending LBA plus one of the Igst
commarnd to report completion prior to the unexpected power removal condition.

4.6.4 Mddia failure

If a hostjmanaged zoned block device has a media failure that affects one or more zones, then the device gerver
may indicate that those zones are ‘unavailable for reading or writing by changing the Zone Condition to OFFLINE.

If the deYice server terminates-a*write command to a write pointer zone with the additional sense code sef to:

a) WRITE ERROR £ RECOVERY NEEDED;
b) WRITE ERROR- RECOVERY SCAN NEEDED; or
¢) WRITE ERROR - INSUFFICIENT ZONE RESOURCES,

then the|device-server shall return the lowest numbered LBA where a media failure may have occurred during
processing,of.that command in the INFORMATION field of the sense data (see SPC-6).

If the ad&it : client
should read all the logical blocks from the LBA |nd|cated by the INFORMATION feld to the LBA indicated by the
write pointer minus one and take recovery actions for LBAs that return errors.

4.7 Interactions involving mode parameter block descriptors

If a zoned block device does not support changing its capacity by changing the NUMBER OF LOGICAL BLOCKS field
in a mode parameter block descriptor (see SBC-5) using the MODE SELECT command (see SPC-6), then the
device server responds to such requests as described in SBC-5.
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4.8 Capacity reporting and LBAs out of range

The contents of the RETURNED LOGICAL BLOCK ADDRESS field in the READ CAPACITY (16) parameter data (see
SBC-5) is indicated by the RC BASIS field (see table 16).

Table 16 — READ CAPACITY (16) parameter data as modified for zoned block devices

ByteB" 7 6 5 4 3 2 1 0
: (see SBC-5)

12 (see SBC-5) RC BASIS (see SBC-5)
* (see SBC-5)

The RC BAsIs field indicates the meaning of the value returned by the RETURNED LOGICALBLOCK ADDRESS field in
the READ CAPACITY (16) parameter data and is described in table 17.

Table 17 — Rc BAsIS field

Code Description

004 The RETURNED LOGICAL BLOCK ADDRESS field indicates:

a) the highest LBA of a contiguous range of zong$.that are not sequential write required
zones starting with the first zone, if the zoned block device is not a domains and regims
zoned block device (see 4.2.2 and 4.2,3); and

b) the highest LBA in zone domain 0 (see.2.4.3), if the zoned block device is a domgins
and realms zoned block device (see4.2.4).

014 The RETURNED LOGICAL BLOCK ADDRESS\field indicates:
a) the zoned maximum address;"if the zoned block device is not a domains and realns
zoned block device; and
b) the highest LBA in zong'domain 0 (see 4.2.4.3), if the zoned block device is a domgins
and realms zoned\block device.

all othlers | Reserved

If the zomed block device is a.domains and realms zoned block device, then:

a) the device servershall support accesses (e.g., reads and writes) to LBAs that are greater than the|value
n the RETURNER, LOGICAL BLOCK ADDRESS field in the READ CAPACITY (16) parameter data and Igss

han or equal to the zoned maximum address; and
b) the zoned maximum address shall not be affected by which zones are active zones or which zongs are
nactive:zones.

Read commands, verify commands, and write commands that specify LBAs greater than the zoned maximum

AT LD

I [T} n . drneral e LI L Al e b} Il el L S A
addreSS MNall UC ICTTTTalcu WillT UTTE U\ UUINDUTTTUIN Stalus, WILT LTS STITST RTY STU WU TLLLLUAL I'\I:\-(UEOT

and the additional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

4.9 Constant zone starting LBA offsets

Some recording technologies do not have an efficient way to allow all zones to indicate the same zone length
(i.e., set a constant value in the ZONE LENGTH field returned by the REPORT ZONES command (see 5.8)).
However, many application clients depend upon having a constant offset between the zone starting LBAs.
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A zoned block device (e.g., a host managed zone block device (see 4.2.3)) may set the ZONE ALIGNMENT METHOD
field (see 6.5.2) to 8h to indicate that, for zones that are not gap zones (see 4.5.4) values returned by the
REPORT ZONES command have:

a) a constant minimum difference between values in the ZONE STARTING LBA fields that is indicated by the
ZONE STARTING LBA GRANULARITY field (see 6.5.2); and

b) the ZONE LENGTH field returned indicates the number of logical block that are capable of recording data in
that zone.

The zoned block device accomplishes these objectives by paring each data recording zone with a gap zone that
encompasses those logical blocks that are not capable of recording data (see figure 15).

seduential write required zone Zero or more ZEero or more
(see 4.5.3.4) gap zone sequential write required zone gap(zone
k— zone length LBAs — < zone length LBAs —
« fill LBAs —» <«>fill LBAs >
<« zone starting LBA granularity — « zone starting LBA granularity —

Figure 15 — Example of paired sequential write required zones and’gap zones

For eact zone that is not a gap zone, the number of LBAs in that zone (e.g., the zOne length LBAs in a seqyential
write required zone as shown in figure 15) may be different from the number 0fLBAs in other zones that dre not
gap zongs.

The sunj of zone length LBAs and fill LBAs shall be equal to the value indicated by the ZONE STARTING LB

GRANULARITY field. If the number of zone length LBAs is equal to the Zone starting LBA granularity, then th
number pf fill LBAs shall be zero and a gap zone shall not be presént. The number of zone length LBAs shall
not be gfeater than the zone starting LBA granularity.

4.10 Format operations

All of thg functions defined for the FORMAT UNP command (see SBC-5) and FORMAT WITH PRESET
command (see SBC-5) are available for zoned block devices. AFORMAT UNIT command or FORMAT WITH

PRESET command affects all zones, howeéver some characteristics are dependent on the zone type (see 4.5)
present |n the zoned block device. Azéned block device may support multiple types of zones.

For eachl conventional zone (see.4:5.2), a format operation is performed as specified in SBC-5.

For each write pointer zone-(see 4.5.3), a format operation is performed as specified in SBC-5 and a resef write
pointer dperation (see 4.5.3:1) is performed.

After completion of a.format operation without error by the device server in a domains and realms zoned Rlock
device:

a) ronesthat were active zones before the format operation started shall be active zones; and
b) frones-that were inactive zones before the format operation started shall be inactive zones.

A FORMAT UNIT command or FORMAT WITH PRESET command shall not perform a Reset Write Pointer
operation on a write pointer zone that is associated with a Restrict Write Pointer Reset realm attribute (see 4.4.2)
that is true.

As part of performing a format operation, the device server:

a) shall not change the contents of the ZONE STARTING LBA GRANULARITY field (see 6.5.2), unless that
change is indicated by the DESIGNED ZONE STARTING LBA GRANULARITY field in the format preset descriptor
(see SBC-5) specified by a FORMAT WITH PRESET command; and

b) may change the lengths of individual zones within the boundaries indicated by the ZONE STARTING LBA
GRANULARITY field (see 4.9).
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4.11 Sanitize operations

See SBC-5 for the definition of the SANITIZE command and sanitize operations. A sanitize operation affects all
zones, however some characteristics are dependent on the presence of write pointer zones (see 4.5.3) in the
zoned block device. As described in SBC-5, the zNR bit in the SANITIZE command controls whether a reset write
pointer operation (see 4.5.3.2.5) is performed on each write pointer zone as part of the sanitize operation.

For a CRYPTOGRAPHIC ERASE service action, a BLOCK ERASE service action, or an OVERWRITE action,
the processing of the sanitize operation resulting from that service action:

a) shall affect the information on the logical unit's medium in a way that ensures that recovery of logical
block data is not possible from:

A\) each conventional zone (see 4.5.2); and
B) each write pointer zone (see 4.5.3);

b) s$hall include processing of the zNR bit (see SBC-5) and associated reset write pointer operation, if any,
f that sanitize operation:
A\) is successful; or

B) fails in restricted completion mode (see SBC-5) and a subsequent EXIT FAILURE MODE seryice
action is successful;

nd
c) s$uccessful completion of that sanitize operation shall include:
A\) completing the requirements described in SBC-5; and
B) setting each write pointer zone's state (i.e., Zone Condition) tolthe'initial state described in 4.5]3.6.1,
unless:
a) that write pointer zone was not able to be sanitized (e:g., due to an inability to write to that zone),
in which case the zone’s Zone Condition shall beCome OFFLINE; and
b) that write pointer zone had a Zone Condition of READ ONLY before the sanitize operation was
started and that zone was able to be sanitized, in which case the zone's Zone Condition:
A) should remain READ ONLY; and
B) may become OFFLINE for reasons that are outside the scope of this standard.

An OVERWRITE service action that completes withéut an error modifies the initialization pattern (see 4.5.3.1.4).

After completion of a sanitize operation without @rror by the device server in a domains and realms zoned|block
device:

a) rones that were active zones before the sanitize operation started shall be active zones; and
b) rones that were inactive zones-before the sanitize operation started shall be inactive zones.

A SANITJIZE command shall not pefform a Reset Write Pointer operation on a write pointer zone that is
associatpd with a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is true.
4.12 Reservations

Reservation restrictions are placed on commands as a result of access qualifiers associated with the type|of
reservatlon./See SPC-6 for a description of reservations for commands described in that standard. See SBC-5

f dr e £ EH £ Aa-d dbhad Lo th ot of 4 a O okl 40 £ | H=e i
Or a des TP TOTT UT TOSTTVatuUT TS TOUT CUTTT AU S UCSUMoTUTIT UTat Stalmuara. OC T taoTe TU TUT a UCSOImptuuUTT Ul

reservations for commands described in this standard.

Commands from |_T nexuses holding a reservation should complete normally. Table 18 specifies the behavior of
commands from registered |_T nexuses when a registrants only or all registrants type persistent reservation is
present.
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For each command in table 18, this standard or SPC-6 defines the conditions that result in the device server
completing the command with RESERVATION CONFLICT status.

Table 18 — ZBC-2 commands that are allowed in the presence of various reservations

Addressed logical unit has this type of persistent
reservation held by another |_T nexus
From any I_T nexus From From LT nexus not
Command registered registered
I_T nexus Write | Exclusive
\Ah;ite E*GIl 1S .IVC . n
Ex' lusiv A (RR&aH—Exclusive | Access
CLOSE ZONE Conflict Conflict Allowed Conflict Conflict
FINISH ZONE Conflict Conflict Allowed Confliet Confflict
OPEN ZONE Conflict Conflict Allowed Conflict Cortfflict
REMQVE ELEMENT AND MODIFY ZONES Conflict Conflict Allowed Conflict Conflict
REPORT REALMS Allowed Allowed Allowed Allowed Alloyved
REPQRT ZONE DOMAINS Allowed Allowed Allowed Allowed Alloyed
REPQRT ZONES Allowed Allowed Allowed Allowed Alloyed
RESE|T WRITE POINTER Conflict Confliet Allowed Conflict Conflict
SEQUENTIALIZE ZONE Conflict Conflict Allowed Conflict Conflict
ZONHACTIVATE Conflict Conflict Allowed Conflict Conflict
ZONH QUERY Conflict Conflict Allowed Conflict Conflict
Key:
RR = Registrants Only or All Registrants
Allowe@l = Commands received from I_T nexuses not holding the reservation or from |_T nexuses not
registered when a registrants only or all registrants type persistent reservation is present should comp|ete
normally.
Conflict = Commands received from [\F-nexuses not holding the reservation or from |_T nexuses not
registered when a registrants onty~or all registrants type persistent reservation is present shall not be
perfgrmed, and the device server shall complete the command with RESERVATION CONFLICT statug.

413 Caches

4.13.1 Claches overview

Zoned b

(e.g., to

ock.devices may implement caches. A cache is an area of temporary storage in the zoned block device
pnhance performance) separate from the medium that is not directly accessible by the application| client.

A cache

stores logical block data.

A cache may be volatile or non-volatile. A volatile cache does not retain data through power cycles. A
non-volatile cache retains data through power cycles. There may be a limit on the amount of time a non-volatile

cache is

able to retain data without power.

The cache model description for zone block devices is as specified in SBC-5 with additional requirements as
specified in 4.13.
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4.13.2 Write caching

While processing write commands, as a result of using write-back caching there is a period of time during which
the logical block data may be lost if:

a) an unexpected power removal occurs (see 4.6.3); or
b) a hardware failure occurs.

If an error occurs during a write medium operation in a sequential write required zone and that error is reported
as a deferred error, then the device server may invalidate cached logical block data for LBAs in that zone that are
larger than the LBA reported with the deferred error. This invalidation may occur for data cached in both volatile

and nonjvotatitecaches:

4.13.3 Command interactions with caches

If the FUA bit is set to one in a read command or a write command that specifies LBAs in a sequential writg
required|zone and any logical blocks in that zone are cached in a volatile cache, then the device server shall
write all uch logical blocks to the medium or non-volatile cache.

4.13.4 Write operation and write medium operation interactions with caches

When the device server performs a write cache operation that updates cached‘ogical block data for a write
pointer Zone, the device server shall update the write pointer to reflect the completed write operation. If an
unexpedted power removal occurs (see 4.6.3), then upon the restoration of power, the value of every write
pointer ghall reflect the state of the medium and non-volatile cache, if-any (e.g., a write pointer value may
become [smaller as a result of data lost from volatile cache).

4.13.5 Close zone and finish zone operation interactions with cache

If a zong's Zone Condition becomes CLOSED or FULL and,any logical blocks in that zone are cached in a vglatile
cache, the device server writes those cached logicakblocks to the medium or to non-volatile cache.

4.14 Interactions with WRITE LONG commands

For:

a) g sequential or before tequired zone (see 4.5.3.5);
b) & sequential write required zone (see 4.5.3.4); or
c) f sequential writepreferred zone (see 4.5.3.3),

1) a WRITELONG command (see SBC-5) marks an LBA in that zone as uncorrectable; and
2) g resefiwrite pointer operation is performed for that zone,

then for p-Subsequent read command or verify command for any such LBA that has not been written sincq the
most recemttime the Zone Conditiom was EMPT Y, e devite server shatt Process tdt COoImTimara ddsead Ol the
value of the URSWRZ bit (see 6.5.2) as follows. If the URSWRZ bit is set to:

a) zero and the zone is not a sequential write preferred zone, then that command shall be terminated as
described in SBC-5; and
b) one or the zone is a sequential write preferred zone, then
A) the logical block data set to the most recent initialization pattern that was set as described in
4.5.3.1.4 shall be returned; and
B) no data shall be written for a read command that has the FUA bit set to one (see SBC-5).

© ISO/IEC 2024 - All rights reserved
66


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

4.15 Interactions with storage element depopulation and restoration

4.15.1 Interactions with storage element depopulation and restoration operations that modify data

If the zoned block device is a domains and realms zoned block device (see 4.2.4), then upon completion of a
storage element depopulation (see SBC-5) without error or a storage element restoration (see SBC-5) without
error:

a) the data returned by the following commands may differ from data returned from the same command
prior to command completion of that activity:

A) the REPORT ZONFES command (see 5 8):

B) the REPORT ZONE DOMAINS command (see 5.7); and

C) the REPORT REALMS command (see 5.6);

b) all of the zones in zone domain 0 are active; and

c) gll of the zones in other zone domains are inactive.

If the zoped block device is a host aware zoned block device (see 4.2.2) or a host managed zened block
device ($ee 4.2.3), then upon completion of a storage element depopulation without errer or a storage element

restoratipn without error, the data returned by the REPORT ZONES command may differfrom data returnegl from
the samg¢ command prior to completion of that activity.

4.15.2 Storage element depopulation with zone modifications
4.15.2.1|Depopulation with zone modifications overview

Depopulption with zone modifications uses the REMOVE ELEMENT AND MODIFY ZONES command (see 5.5)
to remoy\e a storage element from service with LBAs that:

a) gre not associated with that storage element not being affected; and

b) fre associated with that storage element becoming:

A\) contained in a zone that has a Zone Condition of OFFLINE, if that zone is a write pointer zone
(see 4.5.3); or

B) associated with predicted unrecovergd errors (see 4.15.2.3) and contained in a zone that has
Predicted Unrecovered Errors Present (see 4.3.7) set to true, if that zone is a Conventional zgne
(see 4.5.2).

If the deyice server supports the REMOVE ELEMENT AND MODIFY ZONES command, then the device gerver
shall sugport the RESTORE ELEMENTS AND REBUILD command (see SBC-5).

4.15.2.2|Depopulation with zohe modifications processing

For each) set of contiguousAogical blocks that are not associated with the specified storage element by logical
block acfess commands, the device server:

a) s$hall preserve all logical block data that is stored in those logical blocks;

b) s$hallmnot change any logical block provisioning information (see SBC-5) that is associated with thgse

ogiealblocks;

c shall not r‘hnngn the Zone Condition of the zone that contains those Ingirnl blocks; and

d) shall not change the value of Predicted Unrecovered Errors Present (see 4.3.7) for the zone that
contains those logical blocks.

For each logical block that is associated with the specified storage element by logical block access commands,
the device server shall:

a) cause the Zone Condition to become OFFLINE, if that logical block is contained in:
A) a Sequential Write Preferred zone (see 4.5.3.3);
B) a Sequential Write Required zone (see 4.5.3.4); or
C) a Sequential Or Before Required zone (see 4.5.3.5);
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b) if that logical block is contained in a Conventional zone (see 4.5.2), then establish future predicted
unrecovered errors for that logical block or the set of contiguous logical blocks that contains that logical

block as follows:

A) cause Predicted Unrecovered Errors Present to become true for every zone that contains one or

more of those logical blocks; and
B) configure those logical blocks to invalidate cached data, if any, and to cause:
a) subsequent read commands to result in predicted unrecovered read error processing
(see 4.15.2.3.2); and
b) subsequent write commands to result in predicted unrecovered write error processing
(see 4.15.2.3.3);
nd

c) [nake no changes, if that logical block is contained in:
A\) a zone with a Zone Condition of INACTIVE, or
B) a Gap zone (see 4.5.4).

Within alzone, the device server should process logical blocks from the smallest LBA in that zane“to the I
LBA in that zone.

rgest

If during]the processing described in this subclause (i.e., 4.15.2.2) the device server détects that the procgssing

described in this subclause (i.e., 4.15.2.2) has already been performed, then device.server shall not perfo
additional processing on the affected logical blocks and this shall not considered-an error.

If the prqcessing described in this subclause (i.e., 4.15.2.2) detects an error thatprevents successful comy
of that pfocessing, then the processing of subsequent logical block access.commands may be affected frg
time tha{ the device server detects that error until a subsequent REMOVEELEMENT AND TRUNCATE

command (see SBC-5) ora RESTORE ELEMENTS AND REBUILD ¢ommand (see SBC-5) completes wif
error. If quring this time interval a logical block access command-specifies one or more LBAs that are affec
processing of the error, the device server may terminate that gdmmand with CHECK CONDITION status w
sense kgy set to HARDWARE ERROR and the additional sense code set to INTERNAL TARGET FAILUR|

Upon thg¢ completion of the logical block processing deseribed in this subclause (i.e., 4.15.2.2), the device
shall ind|cate that the specified storage element is d€populated (e.g., cause the parameter data returned
the GET|PHYSICAL ELEMENT STATUS command (see SBC-5) PHYSICAL ELEMENT HEALTH field to
contain fFDh).

If the zomed block device is a domains and‘realms zoned block device (see 4.2.4), then the device server
cause thie Restrict Zone Activate realm-attribute (see 4.4.3) to become true for each realm that contains a
that is affected by the processing described in this subclause (i.e., 4.15.2.2).

From the time that processing of a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5) comp
without grror until the time that.the processing described in this subclause (i.e., 4.15.2.2) completes, the d
server shall provide pollable Sense data (see SPC-6) with the sense key set to NO SENSE, the additional
code sef to:

a) PEPOPULATION INTERRUPTED, if the processing described in this subclause (i.e., 4.15.2.2) hag
nterrupted as described in 4.15.2.5; and
b) PEPOPULATION IN PROGRESS with the PROGRESS INDICATION field set to indicate the progress

m

letion
m the

hout
ed by
th the
E.

server
y

shall
zone

etes
Bvice
sense

been

se

bf\the depopulation with zone modifications processing, if the processing described in this subclay

i.e., 4.75.2.7) has not been interrupied.
4.15.2.3 Handling unrecoverable errors
4.15.2.3.1 Handling unrecoverable errors overview

Depopulation with zone modifications processing shall not affect how the device server processes:

a) the rebuild assist mode (see SBC-5);
b) unpredicted unrecovered read errors (see SBC-5); or
c) unpredicted unrecovered write errors (see SBC-5).
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If a zone has Predicted Unrecovered Errors Present (see 4.3.7) set to true, then the device server shall process
logical block access commands that specify LBAs in that zone:

a) as described in 4.15.2.3.2 during reading logical block data from the medium; and
b) as described in 4.15.2.3.3 during writing logical block data to the medium.

4.15.2.3.2 Predicted unrecovered read errors in Conventional zones

If device server processes a read command that specifies one or more LBAs in a zone has Predicted
Unrecovered Errors Present (see 4.3.7) set to true, and the device server detects a predicted unrecovered error,
then the device server:

1) shall transfer to the Data-in Buffer the data for all logical blocks, if any, from the logical block speciv]ed as
he starting LBA of that command up to the lowest numbered LBA for which a predicted unrécovefed
brror has been established (see 4.15.2.2); and
2) shall terminate that command with CHECK CONDITION status with the sense key set|to-ABORTED
COMMAND, the additional sense code set to MULTIPLE READ ERRORS, in addition_to setting:
A\) the INFORMATION field (see SPC-6) to the logical block associated with the lowést numbered LBA
for which data has not been transferred (i.e., the lowest numbered LBA fof which a predicted
unrecovered error has been established (see 4.15.2.2)); and
B) the COMMAND-SPECIFIC INFORMATION field (see SPC-6) to the highestumbered LBA in the set|of
contiguous logical blocks, starting at the LBA specified in the INFORMATION field, for which predicted
unrecovered errors have been established (see 4.15.2.2) withputf\allowing the range of LBAs
specified by that command to affect the contents of the COMMAND-SPECIFIC INFORMATION field.

If the application client receives sense data with the sense key set to-ABORTED COMMAND, the additionp
sense cgde set to MULTIPLE READ ERRORS, and the INFORMATI@N field indicating a valid LBA (see SPG-6),
then thelapplication client should avoid sending logical block acegss commands that specify LBAs in the
contiguous set of LBAs between the value in the INFORMATION field and the value in the COMMAND-SPECIFIQ
INFORMAFION field.

4.15.2.3]3 Predicted unrecovered write errors in ‘€onventional zones

If device|server processes a write command that'specifies one or more LBAs in a zone has Predicted
Unrecovered Errors Present (see 4.3.7) setto true, and the device server detects a predicted unrecovered| error,
then the|device server:

1) shall transfer from the Data=out Buffer the data for all logical blocks, if any, to the logical block specified
bs the starting LBA of that command up to the lowest numbered LBA for which a predicted unrecqvered
brror has been established (see 4.15.2.2); and
2) shall terminate that command with CHECK CONDITION status with the sense key set to ABORTED
COMMAND, the ‘additional sense code set to MULTIPLE WRITE ERRORS, in addition to setting:
A\) the INFORMATION field (see SPC-6) to the logical block associated with the lowest numbered LBA for
which-data has not been transferred (i.e., the lowest numbered LBA for which a predicted
unrecovered error has been established (see 4.15.2.2)); and
B) the, €COMMAND-SPECIFIC INFORMATION field (see SPC-6) to the highest numbered LBA in the set|of
contiguous logical blocks, starting at the LBA specified in the INFORMATION field, for which predicted

<l kL I tablcbad [ 4. 4L .2 2O\ AN + 1l H £ £1 DA
O CCOUVETCU CTTOTS TIav e OCTTT CotadnSIoU (STT ™ TUTZ Z ) Wit oot anmowim g a e Tarngc oTr CO7TS

specified by that command to affect the contents of the COMMAND-SPECIFIC INFORMATION field.

If the application client receives sense data with the sense key set to ABORTED COMMAND, the additional
sense code set to MULTIPLE WRITE ERRORS, and the INFORMATION field indicating a valid LBA (see SPC-6),
then the application client should avoid sending logical block access commands that specify LBAs in the
contiguous set of LBAs between the value in the INFORMATION field and the value in the COMMAND-SPECIFIC
INFORMATION field.
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4.15.2.4 Allowed commands during depopulation with zone modifications processing

After a REMOVE ELEMENT AND MODIFY ZONES command (see 5.5) has returned command completion
without error and before the device server has completed processing a depopulation with zone modifications
(see 4.15.2.2), the device server shall process all commands based on whether depopulation with zone
modifications have been made. If a command specifies access to a logical block and REMOVE ELEMENT
AND MODIFY ZONES command processing has:

a)

b)

For eacH] logical block that is associated with the specified storage element for accesses to logical bléck'da
device sprver shall ensure that each subsequent command is processed in one of the two ways-described
this subglause (i.e., 4.15.2.4) by maintaining synchronization between:

a)
b)

If a command specifies one or more logical blocks that are in the process modified by the processing desq
in 4.15.2.2, then the device server may delay the processing of that command until those logical blocks ha
completgd the processing described in 4.15.2.2.

4.15.2.5|Event handling actions

If the prqcessing of depopulation with zone modifications (see 4.15.2.2) that is interrupted by a reset even
SAM-6)
with zonp modifications upon completion actions that resultsfrom that event.

If the prd

a)

b)

not modified access to that logical block, then the command shall be processed as if the REMOVE

ELEMENT AND MODIFY ZONES command had not been received; and
has modified access to that logical block, then the command shall be processed based on the
modifications that have been made.

he processing described in 4.15.2.2, if any; and
he commands being processed.

br an |_T nexus loss even (see SAM-6), then the devicé.server shall resume processing of depopy

he device server shall not perform any ofithe processing described in 4.15.2.2 until a REMOVE
EL EMENT AND MODIFY ZONES comimand (see 5.5) has been processed without errors; and
While the device server is not performing the processing described in 4.15.2.2, a REQUEST SEN{

see 4.15.2.2).

a, the
in

ribed
ve

E (see
lation

cessing of depopulation with zone modifications that is interrupted by a power on event (see SANI-6),
then the|device server shall continue to accept commands as described in 4.15.2.4, except that:

BE

command (see SPC-6) shall report-that a depopulation with zone modifications has been interrupfed
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5 Commands for zoned block devices

5.1 Commands for zoned block devices overview

5.1.1 Summary of commands for zoned block devices

For zoned block devices, the contents of the PERIPHERAL DEVICE TYPE field in the standard INQUIRY data
(see SPC-6) indicate the command support requirements as described in 4.1.2.

Table 19 summarizes the commands that are unique to zoned block devices.

Table 19 — Summary of commands that are unique to zoned block devices
Table 20
Command Operation code @ | CDB format b | Reference
CUOSE ZONE 94h/01h Yes 5.2
FINISH ZONE 94h/02h Yes 5.3
OREN ZONE 94h/03h Yes 5.4
REMOVE ELEMENT AND MODIFY ZONES 9Eh/1Ah No 5.5
REPORT REALMS 95h/06h No 5.6
REPORT ZONE DOMAINS 95h/Q7h No 5.7
REPORT ZONES 95h/00h No 5.8
RESET WRITE POINTER 94h/04h Yes 5.9
SHQUENTIALIZE ZONE 94h/10h Yes 5.10
ZOQNE ACTIVATE 95h/08h No 5.11
ZONE QUERY 95h/09h No 5.12
4 For operation codes 94h.and-95h, combinations of operation code and service action not shown
in this table are reserved:
8 Yes means that the GDB format described in 5.1.2 is used. No means that a CDB format other
than the one described in 5.1.2 is used.
5.1.2 Zopned block_ device 16-byte CDB format with no data transfer
Table 20} shows:the typical format of a 16-byte CDB for some zoned block device commands (see table 19
CDB format shéwn in table 20 includes common locations for:
a) [:e ZONE—D-fiold:
b) the ZONE COUNT field; and
c) the ALL bit.
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Table 20 — Typical 16-byte zoned block device CDB format with no data transfer

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (94h)
1 Command specific fields, if any SERVICE ACTION
2 (MSB)
oo ZONE ID
9 (L$B)
10
Command specific fields, if any
1"
12 (MSB)
ZONE COUNT
13 (L$B)
14 Command specific fields, if any ALL
15 CONTROL

The OPERATION CODE field, SERVICE ACTION field, CONTROL byté{and command specific fields are defined by

zoned b

The usa

If the ALl bit is set to zero, then:

a)
b)

ock device command.

je of the ZONE ID field and the ZONE COUNT field’depends on the value of the ALL bit.

he zZONE ID field specifies the lowest LBA of a write pointer zone;
f the ZONE COUNT field is set to:

A\) zero or one, then the command requests the device server to perform the requested operatiof
the zone specified by the ZONE ID field; and

operation on the zone range specified by the zoNE ID field and the ZONE COUNT field;

nd

he device server.shall terminate the command with CHECK CONDITION status:

\) with the sense‘key set to ILLEGAL REQUEST and the additional sense code set to LOGICAL]

BLOCK.ADDRESS OUT OF RANGE, if:

a) theZONE ID field specifies an LBA that is greater than the zoned maximum address; or

b).the specified zone range, if any, includes an LBA that is greater than the zoned maximum
address;

— ONLY;if theZzONE COUNT fiefd s Settozero and the ZONE 10 fietd specifies zone wittra Zomne —
Condition of READ ONLY;

B).\with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS READ

each

on

B) a value greater than one,then the command requests the device server to perform the requested

C) with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS OFFLINE,

if the ZONE COUNT field is set to zero and the zONE ID field specifies zone with a Zone Condition
OFFLINE;

D) with the sense key set to DATA PROTECT and the additional sense code set to ZONE IS INACTIVE,

if the ZONE COUNT field is set to zero and the ZONE ID field specifies zone with a Zone Condition
INACTIVE;

© ISO/IEC 2024 - All rights reserved
72



https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

E) with the sense key set to ILLEGAL REQUEST and the additional sense code set to ATTEMPT TO

ACCESS GAP ZONE, if:

a) the zoNE ID field specifies an LBA that is in a gap zone (see 4.5.4); or

b) the specified zone range, if any, includes a gap zone;

with the sense key and additional sense code set to the values specified for any command specific
errors, see:

a) 5.2 for the CLOSE ZONE command;

b) 5.3 for the FINISH ZONE command;

c) 5.4 for the OPEN ZONE command;

d) 5.9 for the RESET WRITE POINER command; and

e) 5.10 for the SEQUENTIALIZE ZONE command:

If the ALl bit set to one, then:

a) the command requests the device server to:

A\) ignore the contents of the ZONE ID field; and
B) perform the requested operation as defined for the cammand, if the ZONE COUNT field is set to|zero;
hnd
b) {f the ZONE COUNT field is not set to zero, then the device server shall terminated the command with
CHECK CONDITION status, with the sense keyseétto ILLEGAL REQUEST and the additional sense
code set to INVALID FIELD IN CDB.

and

5) with the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD

IN CDB, if:
a) the zoNE ID field:
A) does not specify the lowest LBA of a zone; or
B) specifies a conventional zone;
or
b) the specified zone range, if any, includes:
A) a zone that is a conventional zone; or
B) more than one zone domain (see 4.2.4.2).
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5.2 CLOSE ZONE command

The CLOSE ZONE command (see table 21) requests the device server to perform close zone operations
(see 4.5.3.2.3).

Table 21 — CLOSE ZONE command

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (01h)
2 (MSB)
oo ZONE ID
9 (L$B)
10
Reserved
1
12 (MSB)
ZONE COUNT
13 (L$B)
14 Reserved AlLL
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field*are defined in SPC-6 and shall be set to the values
shown in table 21 for the CLOSE ZONE command:

The zZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

For a domains and realms zoned block device (see 4.2.4), the device server shall terminate the command with
CHECK |[CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code|set to
INVALID FIELD IN CDB, if the ALL bit\s set to zero, and:

a) the zoNE ID field specifies an LBA that is in a sequential or before required zone (see 4.5.3.5); or
b) the specified zone range (see 5.1.2), if any, includes a sequential or before required zone.

The CONTROL byte is defined in SAM-6.
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If the CLOSE ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 22.

Table 22 — CLOSE ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, CLOSED, or FULL, then the device server shall make no changes
Zero or one zero in the Zone Condition and not return an error; and
b) IMPLICITLY OPENED or EXPLICITLY OPENED, then the device server shall
PETTOIMT & CIoSE ZoTTe operation (see 475.3-2-3) o the spetifiedzope.
For each zone in the specified zone range that has a Zone Condition oft
two or ore zero IMPLICITLY OPENED or EXPLICITLY OPENED, the device server shall perform a
close zone operation.
For each zone that has a Zone Condition of IMPLICITLY OPENED or EXPLICITLY
zero one : .
OPENED, the device server shall perform a close zone ofyeration.
non-zefo one See 5.1.2.
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5.3 FINISH ZONE command

The FINISH ZONE command (see table 23) requests the device server to perform finish zone operations

(see 4.5

3.2.4).

The device server returns the initialization pattern for all unwritten LBAs in this zone (see 4.5.3.3, 4.5.3.4, and
4.5.3.5) in response to a read operation. The device server may write the initialization pattern to the media for
unwritten LBAs.

Table 23 — FINISH ZONE command

it
Bytf 7 6 5 4 3 2 1 h
0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (02h)
2 (MSB)
ooe ZONE ID
9 (L$B)
10
Reserved
1"
12 (MSB)
ZONECOUNT
13 (L$B)
14 Reserved ALL
15 CONTROL
The OPERATION CODE field and the SERVICEACTION field are defined in SPC-6 and shall be set to the values
shown in table 23 for the FINISH ZONE command.
The zONE ID field, ZONE COUNT field; and ALL bit are defined in 5.1.2.
For a domains and realms zoned block device (see 4.2.4), the device server shall terminate the command with
CHECK|CONDITION status;-with the sense key set to ILLEGAL REQUEST and the additional sense code|set to
INVALID| FIELD IN CDB, if the ALL bit is set to:
a) geroand:
A\) the zONE D field specifies an LBA that is in a sequential or before required zone (see 4.5.3.5); or
B) the specified zone range (see 5.1.2), if any, includes a sequential or before required zone;
bnd
b) one‘and at least one sequential or before required zone has a Zone Condition of IMPLICITLY OPENHD.
The CONTROL byte is defined in SAM-6.
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If the FINISH ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 24.

Table 24 — FINISH ZONE command processing

ZONE COUNT field | ALL bit | Description

If the specified zone has a Zone Condition of:
a) FULL, then the device server shall make no changes in the Zone
Condition and not return an error; and
b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or EMPTY, then the
device server stattperformma finistrzome operation (see 4.5:3:24)
on the specified zone.

Zero or one Zero

For each zone in the specified zone range that has a Zone Condition-of
two or more zero IMPLICITLY OPENED, EXPLICITLY OPENED, or CLOSED, the device setver shall
perform a finish zone operation.

For each zone that has a Zone Condition of IMPLICITLY OPENED, EXPLICITLY

zero one . 0 .
OPENED, or CLOSED, the device server shall perform a finish zone operation.

non-zefo one See 5.1.2.
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5.4 OPEN ZONE command

The OPEN ZONE command (see table 25) requests the device server to perform open zone operations
(see 4.5.3.2.2).

Table 25 — OPEN ZONE command

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (03h)
2 (MSB)
oo ZONE ID
9 (L$B)
10
Reserved
1
12 (MSB)
ZONE COUNT
13 (L$B)
14 Reserved AlLL
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field*are defined in SPC-6 and shall be set to the values
shown in table 25 for the OPEN ZONE command:

The zZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

The device server shall terminate the command with CHECK CONDITION status, with the sense key set
DATA PROTECT and the additional sense code set to INSUFFICIENT ZONE RESOURCES, if the value i
MAXIMUM NUMBER OF OPEN SEQUENJTAL'WRITE REQUIRED ZONES field (see 6.5.2) is less than or equal to the 3

a)

b)

For a domains and realms zoned block device (see 4.2.4), the device server shall terminate the command

CHECK
INVALI

a)
b)

he number of sequential write required zones (see 4.5.3.4) in the logical unit with a Zone Conditiq
EXPLICITLY OPENED;ahd

he number of sequential write required zones in:
A\) the specified Zone range (see 5.1.2) with a Zone Condition of IMPLICITLY OPENED, CLOSED, or H
if the ALDDbit is set to zero; or

B) the |agical unit with a Zone Condition of CLOSED, if the ALL bit is set to one.

CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code

o]
h the
um of:

n of

MPTY,

with
set to

Il YV INL AND Gf tL P ST + 4 o
TIECD Y SOOI OIS ACE DIt 1S ST T (U ZCTO, altds

the ZONE ID field specifies an LBA that is in a sequential or before required zone (see 4.5.3.5); or
the specified zone range (see 5.1.2), if any, includes a sequential or before required zone.

The CONTROL byte is defined in SAM-6.
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If the OPEN ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the device
server processes the command as described in table 26.

Table 26 — OPEN ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EXPLICITLY OPENED or FULL, then the device server shall make no
Zero or one zero changes in the Zone Condition and not return an error; and
b) IMPLICITLY OPENED, CLOSED, or EMPTY, then the device server shall
PETTOIMT AT OPETT ZOTTE OPETation (See 4.5.3:2:2) o the specifiedzpne.
For each zone in the specified zone range that has a Zone Condition oft
two or ore zero IMPLICITLY OPENED, CLOSED, or EMPTY, the device server shall performran
open zone operation.
760 one For each zone that has a Zone Condition of CLOSED, the device server shall
perform an open zone operation.
non-zefo one See 5.1.2.

5.5 REMOVE ELEMENT AND MODIFY ZONES command

The REMOVE ELEMENT AND MODIFY ZONES command (see.fable 27) requests that the device server|
perform ptorage element depopulation with zone modificationsy(see 4.15.2 and SBC-5). For additional
informatjon about storage element depopulation, see SBC-5,

If deferrg¢d microcode has been saved and not activated (see SPC-6), then the device server shall terminafe this
command with CHECK CONDITION status with the serise key set to NOT READY and the additional sensg code

set to LOGICAL UNIT NOT READY, MICROCODEACTIVATION REQUIRED.

Table 27 — REMOVE ELEMENT AND MODIFY ZONES command

Btheit 7 6 5 4 3 2 1 0

0 OPERATION CODE (9Eh)

1 Resenved SERVICE ACTION (1Ah)

2

oo Reserved

9

10 (MSB)

ose ELEMENT IDENTIFIER

13 (LSB)
14 Reserved

15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the values
shown in table 27 for the REMOVE ELEMENT AND MODIFY ZONES command.
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The ELEMENT IDENTIFIER field specifies the element identifier associated with the storage element (see SBC-5) to
be depopulated. The device server shall terminate the command with CHECK CONDITION status with the sense
key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB, if the ELEMENT
IDENTIFIER field specifies a physical element:

a) thatis not supported by the device server (see SBC-5);

b) for which the device server does not support depopulation; or

c) thatis not a storage element, (i.e., the PHYSICAL ELEMENT TYPE field in the GET PHYSICAL ELEMENT
STATUS parameter data (see SBC-5) is not set to 01h in the corresponding physical element status
descriptor).

If the ELEMENT IDENTIFIER field specifies an element identifier that is associated with a storage element tha
depopulgted, then the device server shall make no changes and not consider this an error.

The CONTROL byte is defined in SAM-6.

is

After sugcessful command completion, further storage element depopulation with zone modifications procgssing
may occpr as described in 4.15.2 and SBC-5.
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5.6 REPORT REALMS command

5.6.1 RE

PORT REALMS command overview

The REPORT REALMS command (see table 28) requests that the device server transfer parameter data
describing the realms structure (see 5.6.2) of the zoned block device.

Table 28 — REPORT REALMS command

By?e" 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 Reserved SERVICE ACTION (06h)
2 (MSB)
ooe REALM LOCATOR
9 (L$B)
10 (MSB)
ooe ALLOCATION LENGTH
13 (L$B)
14 Reserved REPORTING OPTIONS
15 CONTROL
The OPERATION CODE field and the SERVICE ACTION field‘are defined in SPC-6 and shall be set to the value$

shown ir

The REA

descriptgr (see 5.6.2.2) shall describe:

a)

b)

If the RE
server s
REQUE

The ALL(C
terminat

table 28 for the REPORT REALMS command.

| M LOCATOR field specifies informatiori-that locates the first realm to be reported. The first realm

he realm that contains the LBAspecified by the REALM LOCATOR field, if that realm meets the crite]
bpecified by the REPORTING.OQPTFIONS field; or

he first realm, if any, that:

\) meets the criteria specified by the REPORTING OPTIONS field; and

B) contains an LBAtRat is greater than the value in the REALM LOCATOR field.

A\LM LOCATOR field-specifies an LBA that is greater than the zoned maximum address, then the de
nall terminatesthe command with CHECK CONDITION status, with the sense key set to ILLEGAL
5T, and theradditional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

CATION'LENGTH field is defined in SPC-6. If the allocation length is less than 64, the device server
b the'eommand with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, a

additiondl sehse code set to INVALID FIELD IN CDB.

i

a

ice

shall
nd the
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The REPORTING OPTIONS field (see table 29) specifies the information to be returned in the parameter data.

Table 29 — REPORT REALMS REPORTING OPTIONS field

Code Description
00h Report all realms
01h Report all realms that contain Sequential Or Before Required zones that are active zones
02h Report all realms that contain Sequential Write Required zones that are active zones
Q3h Report all realms that contain Sequential Write Preferred zones that are active zones
all pthers | Reserved

The CONTROL byte is defined in SAM-6.

© ISO/IEC 2024 - All rights reserved
82



https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

5.6.2 REPORT REALMS parameter data
5.6.2.1 REPORT REALMS parameter data overview

The REPORT REALMS parameter data (see table 30) contains information about the specified zone domains
starting with the zone domain specified by the ZONE DOMAIN LOCATOR field.

Table 30 — REPORT REALMS parameter data

7 6 5 4 3 2 1 0

0 (MSB)

oo REALMS DESCRIPTORS LIST LENGTH (n—63)

3 (L$B)

4 (MSB)

oo REALMS COUNT

7 (L$B)

8 (MSB)

oo REALMS DESCRIPTOR LENGTH

11 (L$B)

12 (MSB)

oo NEXT REAEM LOCATOR

19 (L$B)

.o Reserved

Realm descriptors list

S Realm descriptor [first] (see 5.6.2.2)

oo Realm descriptor [last] (see 5.6.2.2)

@ Where r equals the contents of the REALMS DESCRIPTOR LENGTH field.

The REALMS DESCRIPTORS LIST LENGTH field indicates the number of bytes in the realm descriptors list.
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The REALMS COUNT field indicates the number of realms configured on the device server. The value in the REALMS
COUNT field shall not be affected by:

a) the contents of the REPORTING OPTIONS field (see 5.6.1);
b) the contents of the REALM LOCATOR field (see 5.6.1); or
c) the contents of or number of realms descriptors returned in the REPORT REALMS parameter data.

The REALMS DESCRIPTOR LENGTH field indicates the number of bytes in one realm descriptor (see 5.6.2.2).

The NEXT REALMS LOCATOR field indicates a possible contents for a subsequent REPORT REALMS command
as follows. If the parameter data transferred to the application client by this REPORT REALMS command:

a) contains the last realm descriptor requested by the REPORT REALMS command (see 5.6.1). then the
NEXT REALM LOCATOR field shall be set to zero; and

b) ¢oes not contain the last realm descriptor requested by the REPORT REALMS command, then.a
subsequent REPORT REALMS command should return data that begins reporting realms'where this
REPORT REALMS command stopped, if that subsequent REPORT REALMS commandhas:
A\) the REALM LOCATOR field (see 5.6.1) set to the value in this NEXT REALM LOCATOR(field; and
B) the REPORTING OPTIONS field (see 5.6.1) set to the same value as the REPORTING/OPTIONS field pf this
REPORT REALMS command.

The realm descriptors contain information about the specified realms as defined in 5.6.2.2.
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5.6.2.2 Realm descriptor
5.6.2.2.1 Realm descriptor overview

Each realm descriptor (see table 31) contains information about one realm and all the zone domains included in
that realm. The contents of the REALM LOCATOR field (see 5.6.1) shall not affect the zone domains included in any
realm descriptor. The realm descriptors shall be sorted in ascending order based on the contents of the REALM ID
field.

Table 31 — Realm descriptor

Bit 7 6 5 ) 3 Z T 0
Byte

0 (MSB)

ooe REALM ID

3 (L$B)
4 (MSB)

REALM RESTRICTIONS

5 (L$B)
6 Reserved

7 ACTIVE ZONE DOMAIN,ID

8

~ Reserved

15

Realm Start/End descriptors list

16

. Realm,Start/End descriptor for zone domain 0

31

32

oo Realm Start/End descriptor for zone domain 1

47

48

oo Realm Start/End descriptor for zone domain 2, if any

63

n-15

oo Realm Start/End descriptor for zone domain zd 2, if any

n
@ Where zd is one less than the value in the NUMBER OF SUPPORTED ZONE DOMAINS field in the parameter

data returned by the REPORT ZONE DOMAINS command (see 5.7).

© ISO/IEC 2024 - All rights reserved
85


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

The REALM ID field indicates the identifier number assigned to this realm. Realms are numbered from 0 to n
incrementing by one for each realm.

The REALM RESTRICTIONS field (see table 32) indicates what restrictions, if any, affect this realm.

Table 32 — REALM RESTRICTIONS field

Code Description

0000h No restrictions affect this realm.

0001h The Restrict Zone Activate realm attribute (see 4.4.3) is true.

The Restrict Zone Activate realm attribute (see 4.4.3) is true and the

0003h Restrict Write Pointer Reset realm attribute (see 4.4.2) is true.

all others | Reserved

The ACT|VE ZONE DOMAIN ID field indicates the zone domain ID (see 4.2.4.2) of the zongidoemain that conta

active zg
shall cor

5.6.2.2.2

Each red

nes in this realm. If no zone domain contains active zones in this realm, the AGTIVE ZONE DOMAIN |
tain FFh.

Realm Start/End descriptor

Im start/end descriptor (see table 33) contains information about-one zone domain that is in the r

described by this realm descriptor (see 5.6.2.2.2).

Table 33 — Realm Start/End.descriptor

ns
D field

palm

By?e" 7 6 5 4 3 2 1 0
0
ooe REALM STARTING LBA
7
8
. REALM ENDING LBA
15
The REALM STARTING LBA field shall contain the lowest LBA in the realm described by this realm start/end

descriptgr The processing of a ZONE ACTIVATE command (see 5.11) may result in the contents of the

REALM S

The REA

[ARTING LBAdield changing (see 4.2.4.7).
M ENDING LBA field shall contain the highest LBA in the realm described by this realm start/end

descript

r. A'REALM ENDING LBA field set to zero indicates that the zone domain associated with this realm

start/end descriptor is not contained in the realm described by this realm descriptor The processing of a

ZONE ACTIVATE command may result in the contents of the REALM ENDING LBA field changing (see 4.2.4.7).
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5.7 REPORT ZONE DOMAINS command

5.7.1 RE

PORT ZONE DOMAINS command overview

The REPORT ZONE DOMAINS command (see table 34) requests that the device server transfer parameter data
describing the zone domains structure (see 5.7.2) of the zoned block device.

Table 34 — REPORT ZONE DOMAINS command

By?e" 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 Reserved SERVICE ACTION (07h)
2 (MSB)
ooe ZONE DOMAIN LOCATOR
9 (L$B)
10 (MSB)
ooe ALLOCATION LENGTH
13 (L$B)
14 Reserved REPORTING OPTIONS
15 CONTROL
The OPERATION CODE field and the SERVICE ACTION field‘are defined in SPC-6 and shall be set to the value$

shown ir

The zON

zone domain descriptor (see 5.7.2) shall describe:

a)

b)

If the zO
device s
REQUE

The ALL(Q
terminat

table 34 for the REPORT ZONE DOMAINS“command.

E DOMAIN LOCATOR field specifies information that locates the first zone domain to be reported. Th

meets the criteria specified_by.the REPORTING OPTIONS field; or

he first zone domain, if any,that:

\) meets the criteria specified by the REPORTING OPTIONS field; and

B) contains an LBAtRat is greater than the value in the ZONE DOMAIN LOCATOR field.

NE DOMAIN LOCATER field specifies an LBA that is greater than the zoned maximum address, then
brver shall tefmihate the command with CHECK CONDITION status, with the sense key set to ILL]
5T, and theradditional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.

CATION.LENGTH field is defined in SPC-6. If the allocation length is less than 160, the device serve|
b the'eommand with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, a

additiondl sehse code set to INVALID FIELD IN CDB.

b first

he zone domain that contains the LBA specified the ZONE DOMAIN LOCATOR field, if that zone domain

he
FGAL

I shall
nd the
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The REPORTING OPTIONS field (see table 35) specifies the information to be returned in the parameter data.

Table 35 - REPORT ZONE DOMAINS REPORTING OPTIONS field

Code Description
00h Report all zone domains
01h Report all zone domains in which all zones are active
02h Report all zone domains that contain active zones
03h Report all zone domains that do not contain any active zones
all others | Reserved

The CONTROL byte is defined in SAM-6.
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5.7.2 REPORT ZONE DOMAINS parameter data

The REPORT ZONE DOMAINS parameter data (see table 36) contains information about the specified zone
domains starting with the zone domain specified by the ZONE DOMAIN LOCATOR field.

Table 36 — REPORT ZONE DOMAINS parameter data

Btheit 7 6 5 4 3 2 0

0 (MSB)
oo ZONE DOMAINS LIST LENGTH (n—63)

3 (L$B)
4 (MSB)

oco ZONE DOMAINS RETURNED LIST LENGTH

7 (L$B)
8 NUMBER OF ZONE DOMAINS SUPPORTED

9 ZONE DOMAINS REPORTED

10 REPORTING OPTIONS

11

oo Resefyved

15

16 (MSB)

ose ZONE DOMAIN LOCATOR

23 (L$B)
24

oo Reserved

63

Zone domain descriptors list

64

oo Zone domain descriptor [first]
159

n-95
oo Zone domain descriptor [last]
n

The ZONE DOMAINS LIST LENGTH field indicates the length in bytes of the zone domain descriptors list. The
contents of the ZONE DOMAINS LIST LENGTH field shall not altered based on the allocation length (see SPC-6).
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The ZONE DOMAINS RETURNED LIST LENGTH field indicates the length in bytes of the part of the zone domain
descriptors list that are being returned for the application client to process. If the allocation length (see SPC-6) is
not sufficient to contain all of the contents of the zone domain descriptors list, then the ZONE DOMAINS RETURNED
LIST LENGTH field shall be altered to indicate the truncation of the zone domain descriptors list.

The NUMBER OF ZONE DOMAINS SUPPORTED field indicates the total number of zone domains supported by the
device server, regardless of the value of the REPORTING OPTIONS field.

The ZONE DOMAINS REPORTED field indicates the number of zone domain descriptors returned based on the
REPORTING OPTIONS field and the ZONE DOMAIN LOCATOR field.

The REPORTING OPTIONS field in the parameter data is a copy of the REPORTING OPTIONS field in the REPORT

ZONE MAINS Tommmand(see 5.7 17-
The ZONE DOMAIN LOCATOR field in the parameter data is a copy of the ZONE DOMAIN LOCATOR field in the
REPORT ZONE DOMAINS command (see 5.7.1).
Each zope domain descriptor (see table 37) describes one zone domain (see 4.2.4.2). Zone ddémain desciiptors
shall be sorted in order of increasing value of the ZONE DOMAIN ID field.
Table 37 — Zone domain descriptor
Byf’e“ 7 6 5 4 3 7 1 0
0 ZONE DOMAIN ID
1
oo Reserved
15
16 (MSB)
ooe ZONE COUNT
23 (L$B)
24 (MSB)
ooe STARTING LBA
31 (L$B)
32 (MSB)
oce ENDING LBA
39 (L$B)
40 ZONE DOMAIN ZONE TYPE
41 Reserved
42 Reserved vzDZT SRB
43
oo Reserved
95

The zONE DOMAIN ID field indicates the zone domain ID (see 4.2.4.2) associated with this zone domain.

The zONE COUNT field indicates the number of zones in this zone domain.
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The STARTING LBA field indicates the starting LBA for this zone domain.
The ENDING LBA field indicates the ending LBA for this zone domain.
The contents of the ZONE DOMAIN ZONE TYPE field depend on the value of the vzDzT bit. If the vzDzT bit is set to:

a) zero, then:
A) the Zone Type (see 4.3.2) for all zones in this zone domain may or may not be the same; and
B) the contents of the ZONE DOMAIN ZONE TYPE field are invalid,;
and
b) one, then:
A) the Zone Type attribute for all zones in this zone domain is the same; and

B)—theZONE DOMAIN ZONE TYPE fiefd-mdicates that zometypeas descrited mtable 43—
If the valid zone domain zone type (vzDzT) bit is set to:

a) ero, then the contents of the ZONE DOMAIN ZONE TYPE field are invalid; and
b) ¢ne, then the contents of the ZONE DOMAIN ZONE TYPE field are valid.

An shifting realm boundaries (SRB) bit set to zero indicates that realm boundaries do not shift during the
processihg of a ZONE ACTIVATE command (see 5.11). An SRB bit set to one indicates/that realm boundaties
may shiff during the processing of a ZONE ACTIVATE command. Other realm boundary considerations are
described in 4.2.4.7.
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5.8 REPORT ZONES command

5.8.1 REPORT ZONES command overview

The REPORT ZONES command (see table 38) requests that the device server transfer parameter data
describing the zone structure of the zoned block device.

Table 38 — REPORT ZONES command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (95h)

1 Reserved SERVICE ACTION (00h)

2 (MSB)

oo ZONE START LBA

9 (L$B)

10 (MSB)

oo ALLOCATION LENGTH

13 (L$B)

14 PARTIAL Reserved REPORTING OPTIONS

15 CONTROL
The OPERATION CODE field and the SERVICE ACTION field@re defined in SPC-6 and shall be set to the valueg
shown i table 38 for the REPORT ZONES command.
The zONE START LBA field specifies an LBA in the“first zone to be reported. If the ZONE START LBA field does|not
specify the lowest LBA of a zone, then the device server uses the lowest LBA of the zone that contains the
specified LBA to specify the first zone to,be-reported. If the ZONE START LBA field specifies an LBA that is gfeater
than the|value in the MAXIMUM LBA field-(See table 42), then the device server shall terminate the command with
CHECK |[CONDITION status, with the;sense key set to ILLEGAL REQUEST, and the additional sense code|set to
LOGICAL BLOCK ADDRESS OUT OF RANGE.
The ALLQCATION LENGTH field-is defined in SPC-6.
The PARTIAL bit modifies the definition of the ZONE LIST LENGTH field as described in 5.8.2.
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The REPORTING OPTIONS field (see table 39) specifies the information to be returned in the parameter data.

Table 39 — REPORT ZONES REPORTING OPTIONS field

Code Description

00h List all of the zones in the zoned block device.

01h List the zones with a Zone Condition of EMPTY.

02h List the zones with a Zone Condition of IMPLICITLY OPENED.

03h List the zones with a Zone Condition of EXPLICITLY OPENED.

04h List the zones with a Zone Condition of CLOSED.

05h List the zones with a Zone Condition of FULL.

06h List the zones with a Zone Condition of READ ONLY.

07h List the zones with a Zone Condition of OFFLINE.

08h List the zones with a Zone Condition of INACTIVE.
09h to PFh | Reserved

10h List of the zones with RWP Recommended (see 4.3.5)set to true.

11h List of the zones with Non-Sequential Write Resgurces Active (see 4.3.6) set to true.
12h to BDh | Reserved

3EH List all of the zones in the zoned block dévice, except zones with a Zone Type of GAP.

3Fh List of the zones with a Zone Condition of NOT WRITE POINTER.

The CONTROL byte is defined in SAM-6.
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5.8.2 REPORT ZONES parameter data

The REPORT ZONES parameter data is defined in table 40.

Table 40 - REPORT ZONES parameter data

7 6 5 4 3 2 1 0

0 (MSB)

oo ZONE LIST LENGTH (n—63)

3 ($B)

4 Reserved SAME

oo Reserved

8 (MSB)

oo MAXIMUM LBA

15 (L$B)

16 (MSB)

oo REPORTED ZONE STARTNG LBA GRANULARITY

23 (L$B)

oo Reserved

Zone descriptors list

. Zone descriptor [first]

oo Zone descriptor [last]

The ZONE LIST LENGTH field shall contain the length in bytes of the zone descriptors list. The zone descriptors list
is the list of zones that:

a) meet the requirements of the REPORTING OPTIONS field; and
b) include the LBA specified by the ZONE START LBA field or have a lowest LBA that is greater than the LBA
specified by the ZONE START LBA field.
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If the PARTIAL bit (see 5.8.1) is set to zero, then the content of the ZONE LIST LENGTH field is not altered based on
the allocation length (see SPC-6). If the PARTIAL bit is set to one then the ZONE LIST LENGTH field shall be set to the
lesser of:

a) the allocation length minus 64 if the allocation length is greater than 64;
b) zero if the allocation length is less than or equal to 64; or
c) the length of the zone descriptors list.

The sAME field is defined in table 41. If the ZONE LIST LENGTH field is zero then the SAME field is invalid and should
be ignored by the application client. If the last zone descriptor is an incomplete zone descriptor (e.g., as a result
of the PARTIAL bit being set to one and the allocation Iength not being a multiple of 64), then that zone descriptor
shall be included in the determination of the value of the SAME field.

Table 41 — sAME field description

Cogde Description
op The zone type and zone length in each zone descriptor may be different.
1h The zone type and zone length in each zone descriptor are equal to‘the*zone type and 4one

length indicated in the first zone descriptor in the zone descriptor list.

2n The zone type in each zone descriptor is equal to the zone type-indicated in the first zone
descriptor in the zone descriptor list. The zone length of each zone except the last zonel|is
equal to the zone length of the first zone descriptor in the-zone descriptor list. The zone
length of the last zone descriptor is different than the zone length of the first descriptor i the
zone descriptor list.

3h The zone type in each descriptor may be different. The zone length in each zone descripfor is
equal to the zone length indicated in the first.zone descriptor in the zone descriptor list.

4h t¢ Fh Reserved

The MAXJMUM LBA field contains the LBA of the lastlogical block on the logical unit.
If the ZONE ALIGNMENT METHOD field (see 6.5.2)\is:

a) $et to zero, then the REPORTED,ZONE STARTING LBA GRANULARITY field shall be set to zero; and
b) not set to zero, then the REPORTED ZONE STARTING LBA GRANULARITY field shall be set to the value
contained in the ZONE STARTING LBA GRANULARITY field (see 6.5.2).
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The zone descriptors list contains zone descriptors that shall be sorted in ascending order based on the ZONE
START LBA field of each zone descriptor.

Each zone descriptor (see table 42) contains the description of a single zone.

Table 42 — Zone descriptor format

Byf’e“ 7 6 5 4 3 2 1 0
0 Reserved ZONE TYPE
1 ZONE CONDITION Reserved PUEP NON_SEQ REBET
2
oo Reserved
7
8 (MSB)
ooe ZONE LENGTH
15 (L$B)
16 (MSB)
oce ZONE START LBA
23 (L$B)
24 (MSB)
oco WRIFE POINTER LBA
31 (L$B)
32
oce Reserved
63
The zONE TYPE field indicates.the Zone Type (see 4.3.2) of the zone as described in table 43.
Table 43 — Zone descriptor zoNE TYPE field
Code Zone Type Reference
Oh Reserved
1h CONVENTIONAL 452
2h SEQUENTIAL WRITE REQUIRED 4534
3h SEQUENTIAL WRITE PREFERRED 4533
4h SEQUENTIAL OR BEFORE REQUIRED 4535
5h GAP 454
6h to Fh Reserved
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The zONE CcONDITION field indicates the Zone Condition (see 4.3.3) of the zone as described in table 44.

Table 44 — Zone descriptor ZONE CONDITION field

The vald
Present

a)
b)

The vald
If Non-S

a)
b)

The vald

a)
b)

The zON
The zON

The WRI
comman
the cont

The content of the WRITE
Code Zone Condition POINTER LBA field is valid Reference

Oh NOT WRITE POINTER No

1h EMPTY Yes 4.5.3.6.2
2h IMPLICITLY QPENED Yes 45363
3h EXPLICITLY OPENED Yes 453.6.4
4h CLOSED Yes 4.5.3.6.5
5h INACTIVE No 4.5.3:6'9

6h to Ch Reserved

Dh READ ONLY No 45.36.7
Eh FULL No 4.5.3.6.6
Fh OFFLINE No 4.5.3.6.8

e of the predicted unrecovered errors present (PUEP) bitiis-based on Predicted Unrecovered Erro
see 4.3.7). If Predicted Unrecovered Errors Presentds:

alse, then the PUEP bit shall be set to zero; or
rue, then the PUEP bit shall be set to one.

e of the non-sequential (NON_SEQ) bit is based on Non-Sequential Write Resources Active (see 4
bquential Write Resources Active is:

alse, then the NON_SEQ bit shall be set to zero; or
rue, then the NON_SEQ bit shall be set to one.

e of the RESET bit is based oan\RWP Recommended (see 4.3.5). If RWP Recommended is:

alse, then the RESET bit shall be set to zero; or
rue, then the RESET bit'shall be set to one.

E LENGTH field indicates the number of logical blocks in this zone.
E START LBA fieldh indicates the lowest LBA in this zone.

[E POINTER'LBA field indicates the starting LBA that the application client should specify in the nex{
d assogiated with this zone (i.e., the write pointer). The content of the WRITE POINTER LBA field is in
bnt.of the ZONE CONDITION field (see table 44) indicates that the WRITE POINTER LBA field is invalid.

© ISO/IEC 2024 - All rights reserved
97

3.6).

write
alid if


https://iecnorm.com/api/?name=5542e1e83dce29d09d854c58ff5cbc0c

ISO/IEC 14776-346:2024(en)

5.9 RESET WRITE POINTER command

The RESET WRITE POINTER command (see table 45) requests the device server to perform reset write pointer
operations (see 4.5.3.2.5).

Table 45 - RESET WRITE POINTER command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (04h)
2 (MSB)
oo ZONE ID
9 (L$B)
10

Reserved
11
12 (MSB)

ZONE COUNT

13 (L$B)
14 Reserved ALL
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field*are defined in SPC-6 and shall be set to the values
shown in table 45 for the RESET WRITE POINTER command.

The zZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

For a domains and realms zoned block device (see 4.2.4), the device server shall terminate the command with
CHECK |[CONDITION status, with the sense key set to ILLEGAL REQUEST and the additional sense code|set to
RESET WRITE POINTER NOT ALEOWED, if:

a) the zoNE ID field specifies an LBA that is in a zone that is associated with a Restrict Write Pointer Reset
ealm attribute (see-4:4'2) that is true; or
b) the specified zong€ range, if any, includes a zone that is associated with a Restrict Write Pointer R¢set
ealm attributetthat is true.

The CONTROL byte-is(defined in SAM-6.
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If the RESET WRITE POINTER command is not terminated with CHECK CONDITION status (see 5.1.2), then
the device server processes the command as described in table 46.

Table 46 — RESET WRITE POINTER command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, then the device server shall make no changes in the Zone
Condition and not return an error; and
zero or one zero :
b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, then the device
SETVET Stattperformma Teset write poimnter zonme operation (see 47.5.3,.2.5)
on the specified zone.
For each zone in the specified zone range that has a Zone Condition-of
two or pnore zero IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, the device’ server
shall perform a reset write pointer operation.
For each zone that has:
a) a Restrict Write Pointer Reset realm attribute (see 4.4.2) that is falpe
and
zero one .
b) a Zone Condition of IMPLICITLY OPENED{ EXPLICITLY OPENED, CLOSED, or
FULL,
the device server shall perform a reset write-pointer operation.
non-zefo one See 5.1.2.
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5.10 SEQUENTIALIZE ZONE command

The SEQUENTIALIZE ZONE command (see table 47) requests the device server to perform sequentialize zone
operations (see 4.5.3.2.6).

Table 47 — SEQUENTIALIZE ZONE command

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (94h)
1 Reserved SERVICE ACTION (10h)
2 (MSB)
oo ZONE ID
9 (L$B)
10

Reserved
11
12 (MSB)

ZONE COUNT

13 (L$B)
14 Reserved ALL
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field*are defined in SPC-6 and shall be set to the values
shown in table 47 for the SEQUENTIALIZE ZONE-command.

The zZONE ID field, ZONE COUNT field, and ALL bit'are defined in 5.1.2.

The device server shall terminated the command with CHECK CONDITION status with the sense key set ffo
ILLEGAILL REQUEST and the additional'sense code set to INVALID FIELD IN CDB, if:

a) the zoNE ID field does not spécify a sequential write preferred zone (see 4.5.3.3); or
b) the specified zone range, if any, includes a zone that is not a sequential write preferred zone.

The CONTROL byte is defined in SAM-6.
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If the SEQUENTIALIZE ZONE command is not terminated with CHECK CONDITION status (see 5.1.2), then the
device server processes the command as described in table 48.

Table 48 — SEQUENTIALIZE ZONE command processing

ZONE COUNT field | ALL bit | Description
If the specified zone has a Zone Condition of:
a) EMPTY, then the device server shall make no changes in the Zone
Condition and not return an error; and
Zero or one zero :
b) IMPLICITLY OPENED, EXPLICITLY OPENED, CLOSED, or FULL, then the device
SETVET ShattperformTa sequentiatize zone operation (see 475.372.6) on
the specified zone.
For each zone in the specified zone range that has a Zone Condition,of CLJSED,
two or more zero . o .
the device server shall perform a sequentialize zone operation.
For each sequential write preferred zone (see 4.5.3.3) thatthas a Zone
zero one Condition of IMPLICITLY OPENED, EXPLICITLY OPENED, CL@SED, or FULL, the
device server shall perform a sequentialize zone operation.
non-zefo one See 5.1.2.
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5.11 ZONE ACTIVATE command

5.11.1 ZONE ACTIVATE command overview
The ZONE ACTIVATE command (see table 49) requests that the device server perform a zone activation
operation (see 4.5.3.2.7) that:

a) changes which zones are active zones and which zones are inactive zones; and
b) transfers the resulting parameter data.

The device server shall process each ZONE ACTIVATE command as if it has an ORDERED task attribute (see
SAM-6).

Table 49 — ZONE ACTIVATE command

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (95h)
1 ALL Reserved SERVICE ACTION.(08h)
2 (MSB)
ove ZONE ID
9 (L$B)
10 (MSB)
NUMBER @P ZONES

11 (L$B)
12 (MSB)

ALLOCATION LENGTH
13 (L$B)
14 OTHER ZONE DOMAIN ID
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the value$
shown in table 49 for the ZONEACTIVATE command.

An ALL bjt set to:

a) rero specifies:that the zone activation operation is not requested to process all zones; and
b) ¢ne specifiesthat the zone activation operation is requested to process all zones.

If the ALL bit is'set to zero, the ZONE ID field specifies the lowest LBA of the write pointer zone (see 4.5.3) for
which pgrforming a zone activation operation is requested.

Zoai=n £

If the ALL bit is set to zero, the NUMBER OF ZONES field specifies the number of write pointer zones starting with the
LBA specified in the zONE ID field for which performing a zone activation operation is requested.

The device server shall terminate the command with CHECK CONDITION status, with the sense key set to
ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB, if the ALL bit is set to zero
and:

a) the NUMBER OF ZONES field is set to zero;
b) one or more LBAs in the specified zone range is:
A) not contained in a write pointer zone; or
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B) associated with a Restrict Zone Activate realm attribute (see 4.4.3) that is true;
or

the AAORB bit (see 6.5.2) is set to one and the specified zone range does not:

A) start on a realm boundary; and

B) end on arealm boundary.

If the ALL bit is set to one, the NUMBER OF ZONES field is ignored.

The ALLOCATION LENGTH field is defined in SPC-6. If the allocation length is less than 64, the device server shall
terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the
additional sense code set to INVALID FIELD IN CDB.

domain information without a specified second domain. If table 50 does not describe the OTHER ZONE DOM
field as ignored and the OTHER ZONE DOMAIN ID field contains a zone domain ID (see 4.2.4.2) that is'net sup

by the d¢
the sensge key set to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB.

The CONTROL byte is defined in SAM-6.
The pardmeter data returned by a ZONE ACTIVATE command is defined in 5.11.3.
The device server shall process the ZONE ACTIVATE command by:

1)
2)

5.11.2 Identifying the candidate zones to activate and the candidate zones to deactivate

This subiclause (i.e., 5.11.2) defines how a ZONE ACTIVATE €éemmand (see 5.11) or a ZONE QUERY con
(see 5.1

a)
b)

The can
operatio

The conmmand fields (see 5.11.1) used in this subclause (i.e., 5.11.2) are:

This subfclause (i.e., 5.1112)ignores some command fields if other command fields specify equivalent inforr]
(e.g., if the ALL bit is seti\to one, the NUMBER OF ZONES field is ignored).

If the ALY bit is sette‘one, then:

a)

b)

vice server, then the device server shall terminate the command with CHECK CONDITION statu

dentifying the candidate zones to activate and the candidate zonesto deactivate (see 5.11.2); an
f no errors are detected in step 1), then performing a zone activation operation (see 4.5.3.2.7).

) identifies:

he candidate zones to active; and
he candidate zones to deactivate.

lidate zones to activate and the candidate zones to deactivate that are inputs to the zone activati
N (see 4.5.3.2.7).

he ALL bit;

he ZONE ID field;

he NUMBER OF ZONES field; and
he OTHER ZONE DOMAIN ID field.

he candidate zones to activate are all zones in the zone domain specified by the OTHER ZONE DOM
ield’that are associated with a Restrict Zone Activate realm attribute (see 4.4.3) that is false; and

AIN 1D
borted
b, with

pm

mand

DN

nation

AIN ID

hatcandidatae zanes-tao daeactiviata ara zanas-that arg:
HE-CaRaaat84£085t0-a8a 6t ateate82ZoRestHatafe-

A) in any zone domain except the zone domain specified by the OTHER ZONE DOMAIN ID field; and
B) associated with a Restrict Zone Activate realm attribute that is false.

If the ALL bit is set to zero, then:

a)

b)

the specified zone range is the set of zones starting with the value of the ZONE ID field and extendi
the number of zones specified by the NUMBER OF ZONES field; and

ng for

table 50 defines how the specified zone range is used to identify the candidate zones to activate and the

candidate zones to deactivate.
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Table 50 — Selecting candidate zones to activate and deactivate with ALL bit set to zero (part 1 of 2)

Zone Conditions
in the specified
zone range

Activation
aligned
on realm
boundaries 2

Candidate zones to activate

Candidate zones to deactivate

The zone domain and the
candidate zones to deactivate
are determined by the device

All specified zones
are ingctive zones

No

Yes

The zone domain to activate is
the zone domain that contains
the specified zone range.

The candidate zones to activate
are the zones in the specified
zone range.

The OTHER ZONE DOMAIN ID field
is ignored.

SETVer using thespecifiedzone
range. °

The device servershall sdlect
zones to deactivate-that hgve a
Zone Conditiort of EMPTY|or

INACTIVE.

The zope.domain and cand|date
zones with a Zone Conditjon
of EMPTY to deactivate afe
determined by the device sgrver
using the realm and zone domain
of the specified zone range.

All spegcified zones
are agtive zones

No

The zone domain to agtivate is
specified by the OTHER ZONE
DOMAIN IDield.

The candidate zones to activate
in that zone domain are
determined by the device server
using.thé zone range that is
specified to be deactivated. ©

The device server shall not
select any zone to activate if that
zone has a Zone Condition that
is not INACTIVE.

Yes

The zone domain to activate is
specified by the OTHER ZONE
DOMAIN ID field.

The candidate zones to activate
with a Zone Condition of INACTIVE
are determined by the device
server using the realm and zone
domain of the zone range that is

The zone domain to deactivate
is the zone domain of the
specified zone range.

The candidate zones tq
deactivate are the zones|in
the specified zone rangg.

Speciiied 10 be deactivaled.

@ |s the AAORB bit (see 6.5.2) set to one?
b The candidate zones to deactivate should include the smallest possible number of zones. There may be

zero candidate zones to deactivate.

¢ The candidate zones to activate should include the largest possible number of zones.
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Table 50 — Selecting candidate zones to activate and deactivate with ALL bit set to zero (part 2 of 2)

Zone Conditions
in the specified
zone range

Activation
aligned
on realm

boundaries @

Candidate zones to activate

Candidate zones to deactivate

Some specified

zones are active

zones and some
specified zones are

n/a

The candidate zones to activate are the specified zone range so
that an error is able to be reported as described in 4.5.3.2.7.2.

inacfive zones

@ |s the AAORB bit (see 6.5.2) set to one?

ze
¢ Th

candidate zones to deactivate.
candidate zones to activate should include the largest possible number of zones.

b Th%oandidate zones to deactivate should include the smallest possible number of zones. Fhere may

be

5.11.3 ZDNE ACTIVATE parameter data and ZONE QUERY parameter data

5.11.3.1

ZONE ACTIVATE parameter data and ZONE QUERY parameter data-overview

The ZONE ACTIVATE parameter data and ZONE QUERY parameter data\(see table 51) is returned whenlever
the coml:and completes with GOOD status.

able 51 — ZONE ACTIVATE parameter data and ZONE QUERY parameter data (part 1 of 2)

By?eit 7 6 5 4 3 2 1 0
0 (MSB)
oo ZONE ACTI/ATION RESULTS LENGTH (n—63)
3 (L$B)
4 (MSB)
oo ZONE ACTIVATION RESULTS RETURNED LENGTH
7 (L$B)
8 NZ_VALID |ZIWAJRALID Reserved ACTIJATED
9 Reserved §~\SECURITY | MULT DOMN | RLM RSTCT | MULT ZTYP | RLMALIGN | NOT EMPTY | NOT INACT
10 OTHER ZONE DOMAIN ID
1" Reserved ALL
12 Reserved
13
oo Reserved
15
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Table 51 — ZONE ACTIVATE parameter data and ZONE QUERY parameter data (part 2 of 2)

Btheit 7 6 5 4 3 2 0

16 (MSB)

oce NUMBER OF ZONES

19 (LSB)

20

oce Reserved

23

24 (MSB)

oco ZONE ID WITH UNMET PREREQUISITE

31 (L$B)

32

oce Reserved

63

Zone activation descriptors (ist

64

oo Zone activation desctiptor [first] (see 5.11.3.2)

95

n-31

. Zdne activation descriptor [last] (see 5.11.3.2)

n
The ZONE ACTIVATION RESULFS LENGTH field indicates the length in bytes of the zone activation descriptors [ist.
The confents of the ZONE/ACTIVATION RESULTS LENGTH field shall not be altered based on the allocation length
(see SPL-6).
The ZONE ACTIVATION,RESULTS RETURNED LENGTH field indicates the length in bytes of the part of the zone
activatioh descriptors list that are returned for the application client to process. If the allocation length (se¢
SPC-6) is not sufficient to contain all of the contents of the zone activation descriptors list, then the ZONE
ACTIVATION'RESULTS RETURNED LENGTH field shall be altered to indicate the truncation of the zone activatior

descriptorsst:

An Nz_VALID bit set to zero indicates that the NUMBER OF ZONES field does not contain valid information (i.e.,
the ALL bit is set to one). An Nz_VALID bit set to one indicates that the NUMBER OF ZONES field contains valid
information (i.e., the ALL bit is set to zero).

A ZIWUP_VALID bit set to zero indicates that the ZONE ID WITH UNMET PREREQUISITE field does not contain valid

information. A ZIwUP_VALID bit set to one indicates that the ZONE ID WITH UNMET PREREQUISITE field contains valid

information.
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An ACTIVATED bit set to one indicates that the specified change activations operation was performed
(see 4.5.3.2.7.3). An ACTIVATED bit set to zero indicates that no zones were changed. The ACTIVATED bit
also indicates what is described by each zone activation descriptor (see 5.11.3.2)

The SECURITY (i.e., security prerequisites) bit, multiple domains (MULT DOMN) bit, realm restrictions (RLM RSTCT)
bit, multiple zone types (MULT zTYP) bit, realm alignment (RLM ALIGN) bit, NOT EMPTY bit, and not inactive (NOT

INACT) bi

t indicate unmet prerequisites as described in 4.5.3.2.7.2.

The OTHER ZONE DOMAIN ID field contains a copy of the OTHER ZONE DOMAIN ID field in the ZONE ACTIVATE
command (see 5.11.1) or the ZONE QUERY command (see 5.12).

The ALL bit contains a copy of the ALL bit in the ZONE ACTIVATE command or the ZONE QUERY command.

The NUM
the ZON
valid.

If the zZIWUP_VALID bit is set to one, then the ZONE ID WITH UNMET PREREQUISITE field indicates the zone ID ¢

lowest n

Each zo
activatio
(see 4.5
5.11.3.2

If the AC

a)

b)

If the ALL bit (see 5.11.3.1) is set to zero, then zone activation descriptors are returned by a ZONE ACTIVA
command or a ZONE QUERY command (see 5.12) that:

a)
b)

Zone ac
that:

a)
b)

E QUERY command. The Nz_VALID bit indicates whether the contents of the NUMBER OF ZONES fig

Lmbered zone associated with an unmet prerequisite.

ne activation descriptor (see 5.11.3.2) contains information about a zone rangge|associated with ar
h or deactivation. Zone activation descriptors are not returned if the verify activations operation
3.2.7.2) detects one or more unmet prerequisites.

Zone activation descriptors

[IVATED bit (see 5.11.3.1) is set to:

bne, then each zone activation descriptor (see table 52) indicates one zone range that has been
hctivated or deactivated by the ZONE ACTIVATE command returning that descriptor; and
vero, then each zone activation descriptor indicates ofie Zone range that may be activated or deact]

command that is returning that descriptor.

joes not detect unmet prerequisites;.or
Jetects only unmet prerequisites with the result that one or more of the following bits (see 5.11.3.1
set to one:

A\) the SECURITY bit;

B) the NOT EMPTY bit; or
C) the NOT INACT bit.

ivation descriptors(ane not returned by a ZONE ACTIVATE command or a ZONE QUERY comma|

has the ALLbItSet to one; or

Jetects any,unmet prerequisites with the result that one or more of the following bits (see 5.11.3.1
set to_one:

A\) the' MULT DOMN bit;

BER OF ZONES field contains a copy of the NUMBER OF ZONES field in the ZONE ACTIVATE commahd or

Id are

f the

vated

Dy a subsequent ZONE ACTIVATE command with gemmand inputs that are identical to those for the

TE

) are

are

B)\the RLM RSTCT bit;

C) the MULT zTYP bit; or
D) the RLMALIGN bit.
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Table 52 shows the format of a zone activation descriptor.

Table 52 — Zone activation descriptor

Bit

Byte 7 6 5 4 3 2 1 0

0 Reserved ZONE TYPE

1 ZONE CONDITION Reserved

2 ZONE DOMAINID

oo Reserved

8 (MSB)

oo ZONE RANGE SIZE

15 (L$B)

16 (MSB)
eoe STARTING ZONE LOCATOR

23 (L$B)

ove Reserved

31

The zONE TYPE field (see table 10) indicates theiZone Type (see 4.3.2) for all zones described by this zong
activatioh descriptor.

The ZONE CONDITION field (see table 12)\indicates the Zone Condition (see 4.3.3) for all zones described b)y this
zone acfjvation descriptor.

The zONE DOMAIN ID field indicates, the zone domain ID (see 4.2.4.2) for all zones described by this zone
activatioh descriptor.

The ZONE RANGE SIZE field indicates the number of zones described by this zone activation descriptor.

The STARTING ZONE LOCATOR field indicates the lowest LBA of the first zone described by this zone activatipn
descriptor.
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5.12 ZONE QUERY command

The ZONE QUERY command (see table 53) requests that the device server process a zone activation operation
(see 4.5.3.2.7) that:

a) does not change which zones are active zones and which zones are inactive zones; and
b) transfers the resulting parameter data.
Table 53 — ZONE QUERY command
Bit
Byte 7 6 5 4 3 2 1
0 OPERATION CODE (95h)
1 ALL Reserved SERVICE ACTION (09h)
2 (MSB)
oo ZONE ID
9 (L$B)
10 (MSB)
NUMBER OF ZONES

11 (L$B)
12 (MSB)

ALLOCATION YENGTH
13 (L$B)
14 OTHER ZONE DOMAIN ID
15 CONTROL

The OPERATION CODE field and the SERVICE ACTION field are defined in SPC-6 and shall be set to the value
shown in table 53 for the ZONE QUERY cammand.

The ALL

The ALLQCATION LENGTH field is definéd in SPC-6. If the allocation length is less than 64, the device server

terminat

additiongl sense code set te-INVALID FIELD IN CDB.
The CONTROL byte is defined in SAM-6.
The parameter data‘returned by a ZONE QUERY command is defined in 5.11.3.

The dev
1)
2)
3)

bit, ZONE ID field, NUMBER OF.ZONES field, and OTHER ZONE DOMAIN ID field are defined in 5.11.1.

b the command with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, a

ce servershall process the ZONE QUERY command by:

denfifying the candidate zones to activate and the candidate zones to deactivate (see 5.11.2);

shall
Nd the

prepare the parameter data defined in 5.11.3; and

perform a verify activations operation (see 4.5.3.2.7.2).

If the device server processes zone activation operation for the ZONE QUERY command, then the device server
shall not terminate the command with CHECK CONDITION status.
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6 Parameters for zoned block devices
6.1 Parameters for zoned block devices overview

Table 54 shows the parameters for zoned block devices defined in clause 6 and a reference to the subclause
where each parameter type is defined.

Table 54 — Parameters for zoned block devices

Parameter type Reference
Diagnostic parameters 6.2
Log parameters 6.3
Mode parameters 6.4
Vital product data (VPD) parameters 6.5

6.2 Diggnostic parameters

The diagnostic pages and their corresponding page codes for zoned blockdevices are defined in table 55

Table 55 — Diagnostic page codes for host managed zoned block devices

Diagnostic page Page code Reference
Diagnostic pages assigned by SPC-6 30h to 3Fh SPC-6
Direct access device diagnostic pages 40h to 7Fh SBC-5
SCSI enclosure services diagnostic pages 01h to 2Fh SES-4
Vendor specific diagnostic pages 80h to FFh
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