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Foreword

ISO (the International Organization for Standardization) and IEC (the International Ele

ctrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

committees established by the respective organization to deal with particular fields
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other

of technical
international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The procedures used to develop this document and those intended for its further

maintenance

are described in the ISO/IEC Directives, Part 1. In particular, the different appy
needed for the different types of document should be noted. This document w3

oval criteria
5 drafted in
directives or

accordlance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iSo-org
wwwiiec.ch/members_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may 4
of patent rights. ISO and IEC shall not be held responsible for identifying any or all
rights| Details of any patent rights identified during the development.of the document 1
Introduction and/or on the ISO list of patent declarations received (seé#www.iso.org/pater

e the subject

such patent
vill be in the
ts) or the IEC

list of patent declarations received (see https://patents.iec.ch).

Any trade name used in this document is information given for'the convenience of users
constitute an endorsement.

For a
expre
the W
WWW.

1 explanation of the voluntary nature of standards, the meaning of ISO specif]
bsions related to conformity assessment, asiwell as information about ISO's

iso.org/iso/foreword.html. In the IEC, seeswww.iec.ch/understanding-standards.

This
Subco,

ocument was prepared by Joint Technical Committee ISO/IEC JTC 1, Informatid
mittee SC 6, Telecommunications\and information exchange between systems.
Alist pf all parts in the ISO/IEC 4005'series can be found on the ISO and [EC websites.

Any f
body.

bedback or questions gn;this document should be directed to the user’s nation
A complete listing- of these bodies can be found at www.iso.org/membq

and does not

c terms and
hdherence to

forld Trade Organization (WTO) principles” in the Technical Barriers to Trade (TBT) see

n technology,

al standards
prs.html and

www.ec.ch/national-committees.
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Introduction

Unmanned aircrafts (UAs) operating at low altitudes will provide a variety of commercial services in
the near future. UAs that provide these services are distributed in the airspace. In low uncontrolled
airspace, many people operate their own UAs without the assignment of communication channels from
a central control centre.

This documentdescribes control communication, whichisawireless distributed communication. Control
communication allows control pairs of UA and controller distributed over the airspace to communicate
with each other without serious interference. The channel used for control communication has a multi-
channel structure, which enables UAs and controllers to independently use the communication link

occupied by ¢
to be used in

The ISO/IEC 4

ISO/IEC 4005

ISO/IEC 4005

ISO/IEC 4005

ISO/IEC 4005

The International Organization for Standardization<{ISO) and International Electrotec

Commission
involve the u

[SOand IECt

The holders (
under reason
In this respe

ach other. A wireless distributed communication described by this document is int
licensed frequency bands.

005 series consists of the following four parts:

-1:  To support various services for UAs, it describes a wireless distributed comm
tion model and the requirements that this model shall satisfy.

-2: It describes communication in which all units involved inUA operation can b
cast or exchange information by sharing communication' resources with each

-3 (this document): It describes the control communication for the controller to
trol the UA.

-4: It describes video communication for UAs\tosend video to a controller.

se of patents.
hke no position concerning the evidence, validity and scope of these patent rights.

f these patent rights have assured ISO and [EC that they are willing to negotiate li
able and non-discriminatory-terms and conditions with applicants throughout the

Information

Attention is ¢{lrawn to the possibility that some of the elements of this document may be the s
of patent rights other than those in the patent database. ISO and IEC shall not be held responsi
identifying apy or all such-patent rights.

ay be obtained from the patent database available at www.iso.org/patents.

ended

linica-
oad-
other.

Con-

hnical

[EC) draw attention to the fact that it is claimed that compliance with this document may

Fences
ivorld.

Ct, the statements of the holders of these patent rights are registered with ISO and IEC.

ubject
ble for

Vi
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Telecommunications and information exchange between
systems — Unmanned aircraft area network (UAAN) —

Part 3:
Physical and data link protocols for control communication

1 Scope

This
com

aircralfts (UAs) in level II.

This ¢
and a

2 Normative references

The fq

ocument specifies communication protocols for the physical and data link lay¢

r for control

nication, which is wireless distributed communication network for units related with unmanned

ocument describes control communication, which is one-to-one~communication b
controller.

llowing documents are referred to in the text in §uch a way that some or all of

etween a UA

their content

constitutes requirements of this document. For dated\references, only the edition citedl applies. For

undat

1SO/1
area n

[SO/IH
aircra

1SO/11
areda n

[SO 21

3 T

For th
ISO 21

ISO an

bd references, the latest edition of the referenced-document (including any amendm

C 4005-1, Telecommunications and information exchange between systems — Unmg
etwork (UAAN) — Part 1: Communicatioi model and requirements

C 4005-2:2023, Telecommunications,"and information exchange between systems
(t area network (UAAN) — Part 2:~Physical and data link protocols for shared commun

C 4005-4, Telecommunications and information exchange between systems — Unmd
etwork (UAAN) — Part 4~Physical and data link protocols for video communication

384-4, Unmanned aircraft systems — Part 4: Vocabulary

brms and definitions

e purposesof this document, the terms and definitions defined in ISO/IEC 4005-1, IS
384-4and the following apply.

bnts) applies.
nned aircraft
— Unmanned
cation

nned aircraft

/IEC 4005-2,

[dresses:

d4EC maintain terminology databases for use in standardization at the following ad

— IS

O Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

subchannel map

2-bits

tring indicating whether subchannels are available

Note 1 to entry: In wireless distributed communication, the subchannel map of each unit is generally different.

4 Abbreviated terms

CC

Control Communication

© ISO/IEC 2023 - All rights reserved
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CRC Cyclic Redundancy Check
CSCH Control Subchannel

DLL Data Link Layer

DS Dedicated Slot

FN Frame Number

IWR Initial Work Resource

LFSR Linear Feedback Shift Register
PB Parsing Block

PKH Ppcket Header

PN Pseudo Noise

SA Spurce Address

SC Shared Communication

TSB Tpne Slot Block

TX Transmission

UTC Coordinated Universal Time
VC Vlideo Communication
VSCH Vlideo Subchannel

5 Physical layer

5.1 Channlel and frame structure for data channel

5.1.1 Numbper of data channels and bandwidth

The number ¢f data chanhels is N as shown in Figure 1. N is greater than or equal to one. The bandwidth
of one data channel is"},25 MHz. The N is determined in the upper layer.

125MHz | 125MHz | @ @ @ 1,25 MHz
(#0) (#1) (#N-1)

Figure 1 — Data channels in frequency region

5.1.2 Frame structure

The frame length of the data channel is 1 sec and consists of 500 slots and one slot time T is 2 ms as
shown in Figure 2. FN is a frame number that varies from 0 to 59 and has the same value as the second
of the current time.

2 © ISO/IEC 2023 - All rights reserved
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#0 #1 #2 #3

A

a  1frame, Ty=1sec=500 T,
b 1slot, Ty=2 ms.

A 4

#498

#499

5.1.3 | Slot transmit time mask

The trjansmission time mask of a slot is shown in Figure 3.

Figure 2 — Frame structure of the control channel

a  2ms.
b Mpdulated signal.

T,, T,1 T3, T, are symbol offsetsfrom T, and symbol time is 1/672000 sec. Each value is as

2,T,ip 1297, T5is 1299, T, is 1344.

T, is ( ps as the start time-0f the slot and the power amplifier is gated on and unmodulate
begin|to be transmitted.)T; is an offset at which modulation signal transmission starts. ]
at which the transmission of the modulated signal ends. T5 is an offset at which the powsg
gated joff, and transmission of unmodulated fine signals is stopped. The transmit power of

Figure 3 — The transmission time mask of a slot

T5 shqll be at least 50 dB less than the modulation signal transmit power.

5.1.4 | Subchannels

follows: T; is

d fine signals
[, is an offset
r amplifier is
Ty to Ty, T, to

5.1.4.1 General

One data channel consists of 20 subchannels as shown in Figure 4. Subchannel y of control channel x is

composed of the following slot set.

CCHx,y = Sx,z' Sx,z+20' Sx,z+40' e Sx,z+480
v, evenframe

Z=
y+2-|(ymod4)/2|x4,  oddframe

where

y is subchannel number, y=0, 1, ..., 19;

© ISO/IEC 2023 - All rights reserved
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S

vz is slot z of control channel x.

20
40
60

100
120
140
160
180
200
220
a <240
260
280
300
320
340
360
380
400
420
440
460
480

D,

a  (CCH,
b CCH,,
¢ CCH,,
4 CCH, 4

e CCHX,] 9

Ty

igure 4 — Subchannel structure of control communication in even frame

A subchannel consists of 25 slots, the i-th slot resource of the subchannel y of the channel x is indficated
by SR, ; and) the subchannel y of frequency channel x is indicated by CCH, . Therefore, CCH,}, is as
follows.

CCHy , =SRy , 0,SRy y 1+ SRy y 24 (2)

where SRx,y,i is i-th slot resource of subchannel y of channel x, i=0, ..., 24.

5.1.4.2 Up and down link decision of slot resources

For SR, ,;, 5 slots satisfying (i mod 5) =(FN mod 5) are downlink and remain 20 slots are uplink, where
mod means modulo operation.

5.1.5 Initial work resources (IWR) and channel

The upper layer can set the initial work resource (IWR) as follows, and the use of the IWR is determined
by the upper layer.

4 © ISO/IEC 2023 - All rights reserved
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Four subchannels of frequency channel N_IWR, CCHy ywg 16 CCHy jwr17 CCHN twr1s CCHN 1wr 19
are designated as initial work channels. They are newly named IWRCH,, IWRCH,, IWRCH,, IWRCH;
respectively. These four initial work channels are not used for control, but are initially used to allocate
control subchannels (CSCHs) between the UA and the controller, where N_IWR is received from the
upper layer with UPtoDL.InfolWRSlot.

The 25 slots of IWRCHy are divided into five IWRs in order.

IRy, ; =ISRy 5i ISRy 5i+1,ISRy 5142, ISRy 5143, ISRy 5144 (3)
where

y is an IWRCH number and has the value from 0 to 3;

ISR, )i is i-th slot resource of IWRCH,,

5.1.6 | Dedicated slots and dedicated subchannels

The upper layer can pre-determine one or more subchannels as dedi€ated subchannels| In this case,
the tohe subslot sets mapped with the dedicated subchannel is not uséd as a competition|tone and can
be usgd for other purposes. Slots in the dedicated subchannel areused as dedicated slots|(DSs). One or
severdl dedicated slots can be assigned to UAs and controllers.jiradvance. UAs and contrpllers use the
dedicated slots without competition.

It is rgcommended to set the dedicated subchannel in frequency channel N_IWR.

Dedicpted subchannel information and dedicated slot information are received from ap upper layer
through UPtoDL.InfoDedicatedChannel and UPtoBL/InfoDedicatedSlot.

5.2 [Channel and frame structure for.tone channel

5.2.1| Frame structure and bandwidth

The tdne channel of the control cotitmunication indicates a competitive tone channel. The|frame length
of tone channel is 1 sec and thésnumber of slots per frame is 500. Four tone slots constifute one tone
slock block (TSB). Thus, there are 125 TSBs in one second frame as shown in Figure 5.

a

|
M
|
! |
L b o

|

H#O | #1 | #2 | #3 | #4 | #5 | #6 | #7 | e @@ [#498[#499

a2 1frame, T;=1 second = 500 T
b 1slot, Tg=2ms.
¢ 1slotblock, Ty, = 8 ms.

Figure 5 — Frame structure of tone channel in control communication

The bandwidth of the tone channel is 250 kHz. FN is a frame number that varies from 0 to 59 and has
the same value as the second of the current time.

© ISO/IEC 2023 - All rights reserved 5
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5.2.2 Slot transmit power

The maximum slot transmission power of the tone channel, PmaxTCH, is received as UPtoDL.
InfoPowerParamCCH from the upper layer. The transmission power of the tone subslot signal is
determined by adding the PTX_CCHTCH_differ value to the transmission power of the mapped CSCH.

5.2.3 Slot block structure

There are three types of slot blots. TSBtype0, TSBtypel, TSBtype2 are these. The type of each slot blot
of the TCH is received from the upper layer as UPtoDL.InfoTSBTypeMap.

There are 132 subslots in one slot block of TSBtype0. The length T._ of the subslot is 60 ps. The 132
subslots are ivided into four parts, as shown in Figure 6, according to each slot numbers.

a

J b Lo
00 | (01 | (02) | 03) [ 1L0) | 1) | (12) | (13) | eee |(163)| [(17.0)|(171)|(172)] oo [(320)[(321)[(32,2)|(32,3)

| | | | |

boe bold bl od
a  TypeO.
b 1slotblodk, Ty, = 8 ms.
¢ Ty =60 ps.
d 40 ups.

Figuré 6 — Type 0 TSB structure

In case of TSBtypeO, n-th slot block is composed as follows.

— (0,4n), (0, 4n+1)),(0,@n+2)),(0,(4n+3)),(1,4n),(1,4n+1)), (1, 4n+2), (1, 4n+3)),.4, (32,
4n), (32, [4n + 1)), (32,'4n + 2)), (32, (4n + 3))

where (X, ) i$ the x-th subslot of the y-th subslot set. The 132 subslots are divided into four subslqt sets.
—  {S4at ={(p. 4n.A1, 4n), ..., (32, 4n)}

— Syt = O A=) (L@ 1)), (32 A+ 1))}
— {Suns2} ={(0, @n +2)), (1, (4n +2)), ..., (32, (4n + 2))}
— {Sans3} ={(0, (4n + 3)), (1, (4n + 3)), ..., (32, (4n + 3))}

where {S,} is the x-th subslot set.

There are a total of 80 subslots in TSBtypel. The length T, of the subslot is 100 ps. The 80 subslots are
divided into four parts, as shown in Figure 7, according to each slot number.

6 © ISO/IEC 2023 - All rights reserved
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J b L\\
00 [ (01 ] (02) | (03) | (L) | (L) | (1L,2) | (1,3) | eee |(163)|(17,0)|(17,1)|(17,2) oo (19,0){(19,1) | (19,2) | (19,3)
| |
a  Typel.
b1 klotblock, Ty, = 8 ms.
¢ T4 =100 ps.
Figure 7 — Type 1 TSB structure
The nith slot block that belongs to TSBtypel is composed of thefollowing subslot combingtions.
— (@, 4n), (0, (4n + 1)), (0, (4n + 2)), (0, (4n + 3)), (1, 4n), £1,'4n + 1)), (1, (4n + 2)), (1, (4n + 3)),..., (19,
4m), (19, (4n + 1)), (19, (4n + 2)), (19, (4n + 3))

The 8 subslots make up four subslot sets.
— {4, ={(0,4n), (1, 4n), ..., (19, 4n)}
— {4413 ={0, 4n+ 1)), (1, (4n+ 1)), .., (19, (4n + 1))}
— {4,420 =100, (4n + 2)), (1, (4n + 2)),, (19, (4n + 2))}
— {Sans3} ={(0, (4n + 3)), (1, (4n #3)), ..., (19, (4n + 3))}
There|are a total of 40 subslots.in TSBtypeZ. The length T, of the subslot is 200 ps. The 4( subslots are
dividdd into four parts, assshewn in Figure 8, according to each slot numbers.

| rl

J b Lo__

00 [ 01 [ 02) | 03) | 10 | L) | (1L2) | (13) | eee | 70 | (71) | (72) | (7.3) .es ©0) | 01 | ©2) | 93)
| |

a  TypeZ2.
b 1slotblock, Ty, = 8 ms.
¢ T, =200ups.

Figure 8 — Type 2 TSB structure

© ISO/IEC 2023 - All rights reserved
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The n-th slot block that belongs to TSBtype2 is composed of the following subslot combinations.

(0,4n), (0,(4n+1)),(0,(@4n+2)),(0,(4n+3)),(1,4n), (1, @n+1)), (1, 4n+2)), (1, (4n + 3)),..., (9, 4n),

(9, (@n + 1)), (9, (4n + 2)), (9, (4n + 3))

The 40 subslots make up four subslot sets.

{84, ={(0, 4n), (1, 4n), ..., (9, 4n)}

— {Sansa} ={(0, (4n + 1)), (1, (4n + 1)), ..., (9, (4n + 1))}
— {Sans2} ={(0, (4n + 2)), (1, (4n + 2)), ..., (9, (4n + 2))}
— {Suns3t =[(0, (4n + 3)), (1, (4n + 3)), ..., (9, (4n + 3))}
Regardless of the type of TSB, there are a total of 500 subslot sets in one frame.
5.2.4 Subsjot transmission time mask
Subslot transjmission time mask is shown in Figure 9.
h b
1us 40 ps 1ys .
O\
; X
[T, T, T, T,
Key
Ty Olus
Ty, Ty, T3, T, time offsets from T,
a Spibslot start.
b Spibslot end.
¢ Tpne signal.
d Guard time.
Figure 9 — Subslot transmission time mask
T, T,, T3, and T, are time.Offsets from T\, T; is 1 ps, T, is 41 ps, and T3 is 42 ps.
In TSBtype0,|T, is 6Q(us, guard time is 18 ps.
In TSBtypel,|T4is-100 ps, guard time is 58 ps.

In TSBtype2, T, 1s 200 s, guard time is 158 ps.

T, is the time when the power amplifier is gated on, and unmodulated fine signals begin to be
transmitted. T} is the time at which transmission of the modulated signal begins. T, is the time at which
transmission of the modulated signal is terminated. T; is the time when the power amplifier is gated
off and the transmission of unmodulated fine signals is stopped. The transmission power of the time
region from T to T; and the transmission power of the time region from T, to T5 shall be 50dB or more
less than the modulated signal transmission power.

5.2.5 Subslot signal waveform

The subslot signal waveform is the same as that of shared communication. See ISO/IEC 4005-2:2023,
5.1.2.3.

© ISO/IEC 2023 - All rights reserved
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The modulation scheme of subslot signal is on-off keying. The subslot signal is started at T; and
transmitted during the 40 ps interval. The waveform of the subslot transmission signal uses a raised
cosine function. The subslot signal is generated by the following formula.

t-2T -
g(t;x)= cos (mar( ) 5 sinc((t 2T) ), 0<t<4T (4)
1-(2a(t—2T)/T) T
where
a is 0,75 as a roll-off factor;

5.3 Encoding procedure
The eficoding procedure is identical with that of shared communication. See ISO/HC 4003-2:2023, 5.2.

The fipal encoded signal is located between T, and T, in Figure 3, i.e. in the ' modulated sigpal part.
5.4 Physical layer procedure

5.4.1 | Synchronization
All mgssages shall be transmitted based on UTC absolute4ime. All times are measured on|{UTC.
The synchronization mode of the unit includes 'A syn¢'B sync' and 'C sync".
— Alsync is synchronization obtained from UTC:

— Bisyncis secondary synchronization acquired from the synchronization signal of the A sync unit.
— Cpync is sync status within 20 sec after sudden loss of sync in A or B sync mode.
A syn¢ unit shall know the date, houf.minute, second, slot number.

The time error of A sync shall be:within 0,4 ps. The time error of B sync shall be within +4 ps. The time
error pf C sync shall be within#5 ps.

The fequency error of Avsync shall be within +0,1 ppm. The frequency error of the B sync shall be
within 0,2 ppm. The frequency error of the C sync shall be within +0,3 ppm.

5.4.2 | Subchannel power

The mpaximum power of the CSCH, PmaxCCH, is received as UPtoDL.InfoPowerParam(CH from the

upper|layer: The maximum transmission power and minimum transmission power of each CSCH are
annnar layayr ac TTDEANT T foDavaaprDara s CCITo bl Tha snavazaye cnntnn] AfF

ivieer £ h CSCH i
recelveea—+rem—tnie UPpPCT TaytT oS UT CUDINTIIIIOT UVWUOTT alf alllGGrtouos T - povv e COTITr o Ot eac 1S

described in the resource allocation procedure.

5.4.3 Measurements

The physical layer shall have the ability to measure the following parameters. The received signal
power of a tone subslot, the received signal power of a data slot, and propagation delay time of the
received data signal shall be measured. The receiving power determination point shall be the receiving
antenna connector.

5.4.4 Coexistence operation

If the hardware of shared communication described in ISO/IEC 4005-2 and the hardware of control
communication described in this document and the hardware of video communication described in
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ISO/IEC 4005-4 are completely physically isolated and do not affect each other at all, it shall be allowed
that they do not perform coexistence operations, which is implementation dependent. In general, the
three communications affect each other, and in this case, the following coexistence operations shall be
performed.

The TX operation of a shared slot includes the TX of the corresponding shared slot and the TX operation
in the mapped tone subslot set. The TX operation of a control communication includes TX of the mapped
tone subslot set and CSCH TX. The TX operation of video communication includes TX of a mapped tone
subslot set and VSCH TX.

When a UA periodically broadcasts its information to a shared slot of a shared channel, a shared slot
and a tone subslot set mapped to the shared slot generally require 1 slot and 4 slots, respectively, for TX

operation. If
operation of

A CSCH and 4

The TX time

TX time of th
with the VSC
set and the sk
numbers sha
shared tone s

The TX operd
and in this ¢
tone subslot
correspondin

The coexiste
operation of

6 Data link layer

6.1 Gener

The data linK
can use this
is that the co
control link.

The procedul

ptroller controls the UA, but it is possible to provide other services through the oc

the TX operation of the shared slot used for mandatory periodic broadcasting and.|
he control channel overlap, the TX operation of the shared slot shall be performed-

VSCH shall be allocated so that they do not overlap in time.

bf the tone subslot set mapped with mandatory periodically broadcasteéd shared sl
e tone subslot set mapped with the CSCH, and the TX time of the tong-subslot set m|
1 shall not overlap each other. If the control TSB type is TSBtype(, the control tone s
ared tone subslot set can be located in the same TSB. In this casésthe two tone subs
1 be different. If the control TSB type is not TSBtype0, the control tone subslot set a
ubslot set cannot be located in the same TSB.

tion time of the tone subslot set mapped with a CSCH'can overlap the TX time of a
nse, the corresponding video slot cannot be transthitted. The TX operation time
bet mapped with a VSCH can overlap with the slot TX time of a CSCH, and in this ca
g control slot cannot be transmitted.

ce operation of the tone subslot set mapped with an IWR is the same with coexi
he tone subslot set mapped with the CS€H.

hl

layer allocates subehannels consisting of 25 slots to controllers and UAs. The con
subchannel to control the UA. The typical application service of control communi

[his is determiined at the upper layer.

e of usingythe subchannel is shown in Figure 10 and as follows:

negotiati

nof subchannel number to be allocated;

he TX

bt, the
apped
ubslot
lot set
hd the

VSCH,
of the
be, the

stence

‘roller
cation
upied

— competit

for forattocatiomand generated Hk confirmmatiors

occupation and management of subchannels;

subchannel return or reallocation.

Firstly, the UA and the controller each create a map of the available subchannels. The controller selects
one of the subchannels available together and the controller transfers the selected subchannel number
to the other unit. This process can be performed by the CC DLL as well as SC DLL.

After that, the UA and the controller attempt to allocate subchannel at the same time. Subchannel can
be allocated only when the UA and the controller succeed in allocation at the same time. Therefore, it is
necessary to confirm whether a link is formed.
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If the subchannel allocation is successful, the UA and the controller simultaneously perform slot clearing
to occupy the subchannel. While occupying a subchannel, the UA and the controller constantly check for
collisions of subchannel resources. They also calculate the amount of interference from neighboring
channels.

If collision of subchannel resources or interference with neighbouring channels exceeding the threshold
is detected, the UA and the controller reallocate the subchannel. To do this, the UA and the controller
decide which subchannels to reallocate and perform allocation competition on that subchannel.

The UA and the controller return the subchannel when they can no longer maintain or need to maintain

them.
Start
(UPtoDN.ReqGetCSCH)

Subchannel number negotiation <

Competition for subchannel allocatien

A

Generated link confirmation
(DNtoUP.NetiGetCSCH)

Subchannel occupation and management

Return or Reallocation ?
(DLtoUP.NotiCSCHStatus)

Reallocation

Return

Subchannel return

Figure 10 — Subchannel use procedure

NOTE Detecting resource collision satisfies the data link design requirement described in ISO 21384-2[1]
that the design of the data link mitigates co-channel interference with other users of the spectrum.
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6.2 Chann

6.2.1 Gene

el mapping and measurements

ral

Allocating subchannel resources is performed by a tone channel. One subslot set in a tone channel and
one subchannel have a mapping relationship. When one tone subslot set is allocated, the subchannel
mapped thereto is allocated.

In order for a UA and a controller to allocate a subchannel, the UA and the controller shall find
subchannels that can be allocated at the same time. To this end, the UA and the controller determine
allocable subchannels by calculating the interference power for each subchannel.

6.2.2 MapJ)ing of communication resources and subslot sets

The competif]
Subslot sets 3

If the upper 1
When the IW|

The tone sub
The tone sub
The tone sub
The tone sub
The tone sub

The tone sub

nis as follows

0,
n =
20+

Thereafter, {4

As mentione

CCHy w18
subslot sets 1

ion for allocating a subchannel or an IWR is performed in the subslot set mapped th
re mapped to subchannels or IWRs.

hyer does not specify IWRs, the tone subslot set 0 to the tone subslot. set 19 are left
Rs are specified, the tone subslot sets are mapped as follows.

slot sets {Sg}, {So}, {10}, and {$,} are mapped to IR, IR; ,, IR, ,, and IR; , respective
slot sets {55}, {S13}, {S14}, and {S;s} are mapped t0' IR 3, IR, 3, IR, 5, and IR; 5 respecti
slot sets {S16}, {17}, {S1g}, and {S;¢} are mapped to IR 4, IR, 4 IR, 4, and IR; , respecti

slot set {S,,,20+, 1S mapped to the subchiannel CCH, ,, where m is 20x+((y+8) mod 2

4

P .

evenframe

(x mod 2)x 40, odd frame

n+20+n) Mapped to CCH{ 15 expressed as {S, ,}.

[l above, the fourssubchannels of frequency channel N_IWR, CCHy g 16 CCHy
[CHy 1wR 19 arenewly renamed as IWRCH,, IWRCH,, IWRCH,, IVRCHj;. Therefore, th
mapped with.these four subchannels are not used. The upper layer can designate

slot sets {Sy}, {51}, {S,), and {S3} are mapped to IR ¢, IR, , IR, g)and IR; o respectively.
slot sets {S,}, {Ss}, {Se}, and {S;} are mapped to IR, 1, IR; 3 NRj 4, and IR3 ; respectively.

ereto.

mpty.

—

y.
vely.
vely.
D) and

(5)

[WR,17
e tone

these
m {So}

tone subslot gets as infoxmation tone subslot sets. The slot block type of the tone subslot sets fro
to {S19} is TSBtype2.
This mapping is,shown in Figure 11.
a
N
<
b o (w1 |uz|u3|ualus |we|u7|us|uo| F | F | F & 1# 1@\ ##)##
10(11|12|13|14|15|16(17|18|19
H\H | H#H|#|H | H#H|#|H | H#|#|H|H#|#|H|H##|#|H#|#|H# c
20021222324 (25(26(27|28|29|30(|31(32(33(34|35|36|37(38(39
#H|# | #|# | # | # | H#|# | # | #|#|#|# | #|#|# | #|#|#|# d
40|41(42|43|44|45|46|47|48(49|50(51(52|53|54|55(56|57|58(59
[
[ ]
[ ]

12

a) Even frame
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b
H#O | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8|#9 10111 )12 11311415 16| 17| 18| 19

40(41(42|43(44|45|46|47|48(49|50(51 (52|53 (54|55|56|57|58|59

b) 0dd frame

a IRO,O' IRl,O' IRZ,O' 1R3,0, IRO,l' IRl,l' . 1R2‘4, IR3'4
b Tgne subslot set.

¢ CQHy,y CCHy 3, - CCHy 1

d  C(H, 1, CCH, 13, .. CCH, 1

Figure 11 — Mapping of control subchannel (CS€H) and tone subslot sets

6.2.3 | Interference power calculation

In order to allocate the CSCH, the unit shall calculatethe interference power in the allocable/subchannels.
The interference constants for calculating the ifiterference power are N, IC4, IC,, ..., ICy_4|and received
as UPfoDL.InfolCConstant from the upper layer. Where N is the number of CCH channels. The unit
of int¢rference constants is dB. The estimated interference power of the subchannel is|expressed as
PImCQH,.

The irfterference of the subchannel C€H,, experienced by the controller is calculated as follows.
N-1
PlmcCCH, =3 (PmdCCH; , ~IC)y ) (6)

wherq PImdCCH; , is the)reception power of the tone transmitted by the UA in the torle subslot set
mapped with CCF; and the unit of this is dBm. The unit of (PImdCCH; -IC,,.;)) is also dBm.

The irfterferencedf the subchannel CCH,, experienced by the UA is calculated as follows.

N-1
PImdCOH, \ =Y . (PmcCCH; , ~ICjy ) (7)

where PImcCCH; , is the reception power of the tone transmitted by the controller in the tone subslot set
mapped with CCH;,

IWRs exist in four subchannels of frequency channel N_IWR, CCHy g 16 CCHy 1wr 17 CCHy 1wr 18
and CCHy g 19- Therefore, the interference power of the IWR is equal to the interference power of
CCHy 1wr.16 CCHy 1wr,17 CCHy 1wr 18 and CCHy ywr 19- PIMCIR, , is the interference power of the IWR in
controller and PIdeR yis the interference power of the IWR in UA.

PImcIR; \, =PImcCCHy _yp 16+y

(8)
PImdIR; , =PImdCCHy jypR 164y
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6.2.4 Subchannel map

Each unit shall make a subchannel map indicating the availability of subchannels. The subchannel map
is expressed in 2 bits per subchannel. If the subchannel interference PImCCH, |, is equal to or less than
PTH_SMIO, 2 bits are '11". If it is greater than PTH_SMIO and less than PTH_SMI1, 2 bits are '10". If it is
greater than PTH_SMI1 and less than PTH_SMIZ2, 2 bits are '01". And if it is greater than PTH_SMI12, 2
bits are '00', where PTH_SMIO, PTH_SMI1, and PTH_SMIZ2 are threshold values for writing a subchannel
map and are received as UPtoDL.InfoPowerParamCCH from an upper layer. In addition, the upper layer
can designate available subchannels as UPtoDL.InfoApprovedSubchMap and subchannels that cannot

be used are written as '00".

A UA that has allocated a control channel shall broadcast its own location, controller locatio

|power through the SC using a 0x86 parsing header, where ‘0x’ means hex notatid
| receive an SC signal transmitted by other units.

transmission
each unit sha

Each unit ca

the UA or the controller occupying the subchannels is greater than d_mapl, sub¢hannels

transmission|
below PTXm
distance to t}
equal to d_m
subchannels
greater than
PTXmap3, d_
UPtoDL.InfoF

As a result of

h know the currently occupied subchannels from the SC signal, and if thedista

power is less than PTXmapO0 are expressed as '10', and subchannels @above PTXmay
hpl are expressed as '01', and subchannels above PTXmapl are expressed as '00",
e UA or the controller occupying the subchannels is greater than\d)map0 and less t
hpl, subchannels with transmission power less than PTXmapZ2 ate expressed as '1
breater than PTXmap2 and smaller than PTXmap3 are expfessed as '01' and subch
or equal to PTXmap3 are expressed as '00', where RTXmap0, PTXmapl, PTX
map0 and d_map1 are threshold values for subchannekmap creation, and are recei
owerParamCCH from an upper layer.

receiving the tone signal of a tone subslot set, ifithe received power is greater than

TONE, i.e. if

information ¢n the subchannel, it is expressed as '00". In addition, the subchannels, CCHy |y 16/

1wR,17 CCHy |
map is 40N. |

packet or div

When creatin
transmission

thereto. Amojng the 20 subchannels existing in one control channel, 6 subchannels correspond 4

The upper lay
6.3 Subch

6.3.1 Gene

%}:/e subchannel is occupied, the subchannel is\expressed as '00". In addition, if ther¢

n, and
n and

hce to
lwhose
0 and
If the
han or
D', and
hinnels
map2,
ved as

PTH

b iS n(;
CCHy

r1g and CCHy jyp 19 are always expressed as '00". The number of bits of the subchannel

V is the number of CCH channels. The\upper layer can transmit a subchannel map
ded into several packets and it is alse possible to transmit through a SC broadcast s

g a subchannel map, a UA can'créate a subchannel map with '00' for subchannels in
overlaps with a shared slot\currently occupied by itself and the tone subslot set m|

rer can request this by.using SCmake00 of the UPtoDL.InfoMapOption interface.
pnnel negotiation for allocation

ral

The upper la
this case, U

a subchannel] to“be allocated is not determined, a UA and a controller shall first negotiate

yer can-determine in advance a CSCH to be allocated and transfer it to the data l
toDLReqAllocatingDedicatedCSCH or UPtoDL.ReqUsingDedicatedCSCH is used.

n one
ot.

which
apped
p this.

nk. In
When
which

subchannel to allocate before allocating a subchannel as shown in Figure 12. In this case, UPtoDL.

ReqGetCSCH is used.

a) For subchannel negotiation, the controller first requests the UA to transmit a subchannel map with
PB 0x02.

b) When the UA receives this request, it transmits its own subchannel map to the controller using PB
0x03.

c) After receiving the UA's subchannel map, the controller selects one of the allocable subchannels.
Then, it requests the UA to allocate the selected subchannel using PB 0x04.

d) If the subchannel requested for allocation is allocable, the UA transmits an ACK using PB 0x05 and
goes to the subchannel allocation stage. If it is not allocable, it transmits its own subchannel map
again with NACK.

14 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=5961eba9634ae317632639be23ed0680

ISO/IEC 4005-3:2023(E)

e) When the controller receives an ACK, the controller goes to the subchannel allocation stage or
receiving the NACK, the controller performs c) again. If all ACK/NACK is not received, the controller
performs a) again or report a failure to the upper layer.

When

Controller UA

Subchannel map request

A4

Subchannel map response

Subchannel
negociation < Decided CSCH

ACK/NACK

Figure 12 — General subchannel map negotiation procedure

the UA is transmitting its own subchannel map using PB0x87 in the shared cha

Innel, and the

contrg¢ller can receive this, it is possible that the controller(does not request the UA to|transmit the

subchpnnel map as shown in Figure 13. The procedure in thiS)case is as follows.

a) The controller selects one subchannel from among allocable subchannels using |the received
sybchannel map of the UA. Then, it requests the UA to allocate the selected subchapnel using PB
0x04.

b) Iffthe subchannel requested for allocation(s allocable, the UA transmits an ACK using PB 0x05 and
gdes to the subchannel allocation stage\If it is not allocable, it transmits its own sulchannel map
again with NACK.

c¢) When the controller receives an-ACK, the controller goes to the subchannel allocg

N

ACK is received or not all ACK/NACK is received, a) is performed again or a failure i
tHe upper layer.
Controller UA
Decided CSCH
Subchannel
negociation ACK/NACK

tion stage. If
s reported to

Figure 13 — Subchannel map negotiation procedure when subchannel map is broadcast

When the UA and the controller negotiate a subchannel number, they perform subchannel negotiation
using shared communication or a dedicated slot or IWR. Transmission power control related to
subchannel negotiation is performed using PB 0x06 and PB 0x07. PB 0x06 represents its own
transmission power and reception power of the counterpart's signal, and PB 0x07 represents its own
transmission power and designates the power to be transmitted by the counterpart.

© ISO/IEC 2023 - All rights reserved
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6.3.1.1 Generation of effective subchannel map

The controller receives the subchannel map from the UA and generate an effective subchannel map. The
effective subchannel map is generated by selecting a lower value from the controller subchannel map
and the UA subchannel map.

6.3.1.2 Parsing block of shared channel related to subchannel allocation

The UA can broadcast its subchannel map using PB 0x87 in the slot of the shared channel. The parsing
field of PB 0x87 is shown in Table 1.

o o IS S 4 h Y L £ 1.1 £-0. ra¥_1
1dUIC I — IdISllg IICIU U UXO 7/

Bits

Description

0:4]

Starting channel number

Map length that indicates [5:9]*40.

[
[5:9]
[10:[5:9]*40+

d

Variable subchannel map

[x:y] means fr

pm the x-th bit to the y-th bit of the related field.

6.3.1.3 Par

The parsing blocks used in the control channel are 0x02, 0x03, 0x04%0x05, 0x06, 0x07. PB 0x02
The parsing field of PB 0x03 is shown in Table 2.

parsing field.

sing block of control channel related to subchannel allo¢ation

Table 2 — Parsing field of 0x03

1d4S No

Bits

Description

[0:4]

Starting channel number

[5:9]

Map length is [5:9]*40.

[10:[5:9]*40+

d

Variable subchannel map

The parsing f

ield of PB 0x04 is shown in Table 3.

Table 3 — Parsing field of 0x04

Bits Description
[0:4] Channel humber
[5:9] Subchannel number
The parsing field of RB-0x05 is shown in Table 4 and Table 5.
Table 4 — Parsing field of 0x05 with ACK
Bits Description
[0] This bit is ‘1" and means ACK.
Table 5 — Parsing field of 0x05 with NACK
Bits Description
[0] This bit is ‘0’ and means NACK.
[1:5] Starting channel number
[6:10] Map length is [6:10]*40.
[11:[6:10]*40+10] Variable subchannel map

The parsing field of PB 0x06 is shown in Table 6.

16
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Table 6 — Parsing field of 0x06

Bits Description
[0:6] Own transmit power with the range of -40 dBm(0) ~ 40 dBm(80)
[7:13] Received power of counterpart signal with the range of -115 dBm(1) ~ -10dBm(106),

0xFF means ‘unknown’ and 0x00 means smaller than -115dBm.

The parsing field of PB 0x03 is shown in Table 7.

Table 7 — Parsing field of 0x07

D ads
DCITCTTPTIUIT

[0:6]

Own transmit power with the range of -40 dBm(0) ~ 40dBm(80)

[7:13]

Required transmit power of counterpart, the range is same with [036}.

6.3.1.

The

trans
map,
is ach
‘00, r
contrq
valid 5

If theq]

If thet]
the sy
InfoM

If thel
amon

If the
usable
zeroth

The smaller the x value-in the subchannel CCH, ,, the faster the order. And when the x v

same,

Subchannel selection for allocation

ata link of the controller generates an effective subchannel map”using the sub

itted by the UA and its own subchannel map. When the UA transmits only a part of th
11 values that are not transmitted are regarded as a value of\00". The effective suh
eved by selecting a lower value from the two subchannel'maps, i.e. if one of the
poardless of the other value, the bit of the corresponding'subchannel is '00". The d3
ller determines one subchannel for allocation from the effective subchannel map.
ubchannel, it is reported to the upper layer.

e are subchannels having a value of '11', the controller shall select one of the subcha

e are no subchannels having a value of '11), the controller can select one subchanne
bchannels having a value of '10' only;when the value of SubChannelAbility10 of
hpOption interface is set to 1.

e are no subchannels having a value of '11' or '10', the controller can select sub
b subchannels having a value of\01' only when the value of SubChannel Ability01 is s
number of selectable subchannels is NUM e tapie subch
subchannel from the effective subchannel map using a PN code generator. The of
subchannel to the (NUM, -1)-th subchannel is determined by the follow

selectable_subch

the smaller the.y value, the faster the order.

channel map
e subchannel
channel map
fwo values is
ta link of the
If there is no

nnels.

| from among
the UPtoDL.

rhannel from
et to 1.

the controller calculates the Nordinal-th

der from the
ing rules.

alues are the
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D D D D, ee@e ‘o

3 D23 Dz4 Dzs
bo bl bz g b3 g b23 g b24 bzs
N N N 00 N, N N PN
Key

a,  ak-th bit for AND operation with D,
b, ak-th bit for AND operation with D),
D, ak-thregister

S
S

PN PN code generator output
Figure 14 — PN code generator

The Nordinallis calculated with PN code generator shown in Figure 14 as\follows, where [x; 4, X5, .., X(]
is the i-bit binary representation of x.

[D25(0),P24 (0), -...Dg (0)] = [SAz5,SA24, ..,SAg]

[bys byy | - rbys ] = [SAg,SA;, ....SA, ]

[b16 D15 | --b11] = (S5, far - fo]

[b1o.bg, }...bg] = [Ms,My,M3,My, My, My, Hy iHg Hy Hy  Hy ]

(9)
[025,024 ...,ao] = [SA(),SAI, ...,SA24, 1]

PN(clk)=(Dy (clk) & by )(Dy (clk) & by )4 ~(Dys (clk) & bys )
Npy = [BN(15),PN(14), ...,PN(1),PN(0)]

. 1
Nordinal = floor((Npy XNUMselectable_subch )/ 2 6 )

where
D, (clk) is ax-th bit of shift register D at clock clk;
SA, is a x-th bit of source address, the number of SA bits is greater than or eqyal 26;
fx is a x-th bit of frame number, the number of fbits is 6;
v IS ax-tir bitof THutE, the number of M bits156;
H, is a x-th bit of hour for 24-hour clock, the number of H bits is 5 and H has the
value from 0 to 23;
PN(clk) is a pseudo random bit of PN code generator at clock clk;
& is AND bit operation that means a logical multiplication;
" is exclusive OR bit operation that means exclusive logical sum operation;
floor(x) means the largest integer among integers smaller than or equal to x.
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Subchannel negotiation using shared channel

6.3.2.1 General

UAs and controllers can perform subchannel negotiation using shared channels. To do this, the controller
shall allocate a talk slot of a shared channel to communicate with the UA. Allocating a talk slot in a
shared channel shall follow the scheme described in ISO/IEC 4005-2. When transmitting and receiving
data related to the control channel in the shared channel, PKH 0x04 and PKH 0x05 are used. When
two PKHs are used, the PBs from 0x00 to 0x7F mean the PBs of the control channel. CC DLL receives
UPtoDL.ReqGetCSCH from the upper layer. At this time, if the NegoMethod parameter is '0', CCtoSC.
ReqNegoCSCH, which is a subchannel negotiation request, is transmitted to SC DLL. Upon receiving

livers SCtoCC.NotiNegoCSCH to the CC DLL. If the subchannel negotiation is suce
nters the subchannel negotiation stage, and if the subchannel negotiation fails, the'C
per layer of the failure with DLtoUP.NotiGetCSCH.

The c]l)ntroller's SC DLL performs subchannel negotiation as follows. However;when the U

this, t
DLL
DLLe
the upg
the s
a S
t1
b) S
a
th
0
tr
c T
is
d]
th
of
d A
sS4
e) A
tg
f) W

re
g1
3,
tg

channel map using PB 0x87, steps b) and c) can be omitted.

[ DLL receives the CCtoSC.ReqNegoCSCH requesting subchannél allocation from C

ime, m and n are set. m and n can have negative values.

[ DLL requests the UA to transmit the UA subchannel map-For this, the controller 3
request packet by allocating the talk slot of the SC. The PKH of the SC used here
e subchannel map transmission request PB is 0x02, where the controller SC DL

hnsmission fails, m is increased.

he SC DLL repeats b), increasing m until it receives PB 0x03. If PB 0x03 is not re
greater than 3, the SC DLL reports it t6,the CC DLL using SCtoCC.NotiNegoCSCH
when the subchannel map is received, where the controller can receive the sub
rough the response slot related ta.the allocated talk slot or the currently occupied k
the UA.

lects one subchannel fremthe effective subchannel map.

'ter allocating the talk slot, the SC DLL transmits the allocation request for the selectg
the UA using PB0x04. If talk slot allocation and transmission fails, n is increased.

hen SC DLL‘receives ACK from PB 0x05, it notifies CC DLL to SCtoCC.NotiNeg
ceiving the-NACK, d) is performed again. If PB 0x05 is not received, n is increasg
eater thHan 3, it is reported to the CC DLL as SCtoCC.NotiNegoCSCH, and if itis less th
d) is-performed again, where,the controller receives ACK/NACK through a respons
thie'allocated talk slot or a currently occupied broadcast slot of the UA.

s over, the SC
bssful, the CC
[ DLL notifies

A broadcasts

[ DLL. At this

hall transmit
is 0x05, and
. can use PB

x81 to utilize the SC broadcast slot of UA for subehannel negotiation. If talk slot alllocation and

ceived and m
ind performs
channel map
roadcast slot

'ter receiving the UA's subchannel map, the SC DLL generates an effective subchafinel map and

d subchannel

DCSCH. Upon
d, and if n is
hn or equal to
e slot related

Figure 15 shows controller's subchannel negotiation procedure using SC.

© ISO/IEC 2023 - All rights reserved

19


https://iecnorm.com/api/?name=5961eba9634ae317632639be23ed0680

ISO/IEC 4005-3:2023(E)

Receiving subchannel number
negotiation request from CC DLL
(CCtoSC.ReqNegoCCHNum)

y

The SC DLL requests a subchannel map |
to the UA. b
i No
No
These can bd The controller receives —m+l 3
omitted. | < subchannel map of the UA? »m=m » m
Yes
Yes
The SC DLL makes a effective subchannel Reporting a fail to CC DLL
map. (SE€toCC.NotiNegoCCHNym)
To decide a subchannel for allocation
y
The SC DLL requests allocation of the
decided subchannel to the UA.
No
Not
NACK ) received
Does controllerreceive n=n+1 n>3
ACK/NACK?
Yes
Reporting a success to CC DLL Reporting a fail to CC DLL
(SCtoCC.NotiNegoCCHNum) (SCtoCC.NotiNegoCCHNym)
Bgiira 1 Contrallar'c cubhcochannal snagatiadias e oandersn sncinn g CC
LY lsul C AiJ GUUIILI VUIILI O ouvuvlIiidiiiici ll\asutlﬂtlull lJl uuLiuuIlr v “Ollls A%l

The UA's SC DLL shall respond to the controller's request for subchannel negotiation. First, when a
subchannel map request is received by PB 0x02, the UA's SC DLL shall transmit its subchannel map to
the controller using PB 0x03. When a UA transmits a subchannel map, it shall transmit a subchannel
map of a length that can be transmitted.

The UA's SC DLL receives a subchannel allocation request by PB 0x04, and if the subchannel is available
for allocation, transmits an ACK to the controller using PB 0x05, and informs the CC DLL of the ACK
transmission through SCtoCC.NotiNegoCSCH. If the subchannel cannot be allocated, it transmits NACK
and its own subchannel map to the controller. After UA's CC DLL receives SCtoCC.NotiNegoCSCH, if the
parameter IsSuccess is 1, it enters the subchannel allocation stage.
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If PB 0x81 is included in the packet sent by the controller and the parsing field RequestMethod has
a value of '0', the UA responds with the SC broadcast slot it has already occupied. If the parsing field
RequestMethod has a value of '1’, the UA responds with the SC broadcast slot it has already occupied,
and simultaneously performs response clearing and allocation competition, and responds with a talk
slot allocated by the controller. If PB 0x81 is not included in the controller's packet, response clearing
and allocation competition are performed to respond with a talk slot allocated by the controller.

When responding to the SC broadcast slot, the control channel parsing block is transmitted using PB
0x8B. The parsing field of the parsing block 0x8B carries the control parsing block. When responding
with an SC talk slot, PKH 0x05 is used.

6 3 2 2 T - H H Leal 1 Erads
IS YTy <] 1T AIISIIIIOOIVIX PUVVCI I SOUULIIAIIIICT llcsutlablull

When
specif

6.3.3

6.3.3.

The u
dedic4
inforn

In ord

the controller and UA perform subchannel negotiation with the SC, they use theltr3
ied in the SC.

Subchannel negotiation using dedicated slot

1 General

pper layer can determine one or more CSCHs as dedicated sdbgchannels, and slots co
ited subchannel can be dedicated as control dedicated slofsoThe data link receives ¢
nation from the upper layer through UPtoDL.InfoDedicatedSlot.

er for the controller and the UA to negotiate a subchannel using a dedicated slot,
ions shall be satisfied.

e controller and the UA shall know each otherabout the pre-allocated dedicated slof

A and the controller can perform-ESCH negotiation using a predetermined dedic3
Hure for the controller to perform subchannel negotiation is as follows.

ne CC DLL of the controller'receives the subchannel allocation command UPtoDL
om the upper layer. At this.time, NegoMethod is '1',and m and n are set.

he controller requests the UA to transmit the UA subchannel map using PB 0x02
ntroller uses a dédjcated slot.

he controller ‘repeats b) while increasing m until it receives the UA subchannel ma
k03. If thesubchannel map is not received and m is greater than 3, the data link repor

he controller and UA shall always receive'when the dedicated slot is not transmitted|

Ainsmit power

nstituting the
brresponding

the following

information.

ted slot. The

.ReqGetCSCH

For this, the

p through PB
ts a failure to

e upperilayer with DLtoUP.NotiGetCSCH, and performs d) when the subchannel map is received.

herg; the controller receives the subchannel map in a dedicated slot next to the ¢
edinb).

edicated slot

After receiving the UA's subchannel map, the controller generates an effective subchannel map and
selects one subchannel from the effective subchannel map.

The controller transmits the allocation request for the selected subchannel to the UA using PB
0x04.

condit
a T
b) T
The U
proce
a T
fr
by T
c(
c T
03
th
W
U
d)
e)
f)

When the controller receives an ACK from the UA, it goes to the subchannel allocation stage. Upon
receiving the NACK, d) is performed again. If all ACK/NACK are not received, n is increased, and if
n is greater than 3, the failure is reported to the upper layer with DLtoUP.NotiGetCSCH, and if less
than or equal to 3, d) is performed again. Here, the controller receives ACK/NACK in a dedicated
slot next to the dedicated slot used in e).
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The UA continuously receives its dedicated slots according to the settings of the upper layer. When a UA
receives a packet requiring a response from the controller, it shall transmit a response in a dedicated
slot next to the dedicated slot in which the request was received.

When receiving a subchannel map request PB 0x02 in a dedicated slot, the UA’s CC DLL shall transmit
its subchannel map to the controller in a dedicated slot next to the dedicated slot in which the request
was received.

The UA responds with PB 0x05 after receiving the subchannel allocation request PB 0x04. At this time,
if the subchannel is available for allocation, an ACK is transmitted to the controller and the UA enters
the subchannel allocation stage. If the subchannel cannot be allocated, it transmits NACK and its own
subchannel map to the controller.

6.3.3.2 Trdnsmission power in subchannel negotiation

The maximum power of DS is PmaxDS and the minimum power is PminDS. When usingthe dedjicated
slot, the initigl transmit power of the controller is as follows.

a) When S(C[signal is received from UA:

PTX _CO|_DS _ini = MIN ((PtargetDS +PL_SCd+ SNRrequiredDS + PmafginDS), PmaxDS) | (10)

where
PtargetD$ is the target receiving power of the dedicatedslot;
PL_SCd is the path loss measured from the SC signal received by the controller;

SNRrequiredDSis the SNR required to receive the dedicated slot;
PmarginIpS is the power margin for the dedicated slot;

MIN means a minimum value among elements.

PtargetDS, SINRrequiredDS, PmarginD§, PmaxDS values are received from the upper layer as URtoDN.
InfoPowerParamDS.

b) In case S{ signal is not received from UA:
PTX _CO|_DS _ini =-PmaxDS (11

When using d dedicated slot, the controller shall transmit its own transmit power and the UA’s trgnsmit
power to the [UAising PB 0x07.

The initial transmit power PTX_DR_DS_ini of the UA designated by the controller is determined by
adding the PoffCtoD value received from the upper UPtoDL.InfoPowerParamCCH to the controller
transmission power.

PTX _DR_DS _ini= MIN((PTX _CO_DS _ini + PoffCtoD), PmaxDS5) (12)

When the UA receives PB 0x07, it responds with the designated transmit power. At this time, it is
necessary to use PB 0x06 to deliver its own transmit power and receive power of controller signals.

The power control of the UA and controller after initial transmission is as follows.

22 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=5961eba9634ae317632639be23ed0680

ISO/IEC 4005-3:2023(E)

Upon receiving the PB 0x06, the controller transmits PB 0x06 to the UA and adjusts its own transmit
power as follows.

PTX _CO_DS = MIN((PtargetDS +PL_DS _CtoD+ SNRrequiredDS + PmarginDS), PmaxDS)

(13)

where PL_DS_CtoD is the path loss of the dedicated slot signal transmitted by the controller to the UA.

The controller that has not received PB 0x06 adjusts the transmit power in the next dedicated slot as
follows.

PTX _CO_DS = MIN((PTX _CO_DS _prev+ 3), PmaxDS5)

(14)

wherd
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DR_DS$
in the

P
When
neces

Upon
pathl

P

Also, Y
powet

6.3.4

6.3.4.
When

PTX_CO_DS_prev is the controller transmit power in the previously dedicated slot;
pes not receive PB 0x06 transmits PB 0x07 to the UA. At this time, the UA's transm
f designated by the controller is as follows, where PTX_DR_DS_prev is the UA transn
previous dedicated slot.

X _DR_DS = MIN ((PTX _DR_DS _prev+ 3), PmaxDS)

bary to use PB 0x06 to deliver its own transmit power and-reeeive power of controll

receiving PB 0x06, the UA adjusts its own transmit power as follows, where PL_D
pss of the dedicated slot signal transmitted by the U# to the controller.

X _DR_DS = MIN ((PtargetDS +PL_DS _CtoD+ SNRrequiredDS + PmarginDS), P

vhen dedicated slots are used for purposés other than subchannel negotiation, the
control of the controller and UA is as described above.

Subchannel negotiation usingIWR

I General

a shared channel or dedicated slot is available, it is not recommended to use IWR.

In order to use IR; , for §ubchannel negotiation, the controller allocates one IR; ,.

bntroller uses\the allocated IWR slot to perform subchannel negotiation. First, t
nits PB 0x02*through the allocated IWR slot. When the UA receives this, the UA ch

'ihe controller

power PTX_
lission power

(15)

the UA receives PB 0x07, it responds with the designated. trdnsmit power. At this time, it is

b1 signals.

S DtoC is the

haxDS) (16)

transmission

he controller
bcks whether
UA performs
potiation, and
I receives PB

The procedure for the controller to perform subchannel negotiation is as follows.

a)

sdurces again.

When the upper layer receives the subchannel allocation request UPtoDL.ReqGetCSCH whose

NegoMethod is '2', the DLL first allocates IWR. At this time, / is automatically set to 5, m to 2, and n
to 1. If IWR allocation fails more than [ times, the failure is reported to the upper layer as DLtoUP.
NotiGetCSCH.

b)
al

located IWR slot.

The controller requests the UA to transmit the UA subchannel map. This request is made using the

The controller repeats b) while increasing m until it receives the UA subchannel map. If the

subchannel map is not received and m is greater than 3, the data link reports a failure to the upper
layer with DLtoUP.NotiGetCSCH, and d) is performed when the subchannel map is received. If PB
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0x08 is received from the UA, a) is performed again, where the controller receives the subchannel
map in the next IWR allocation slot of the IWR allocation slot used in b).

d)

selects one subchannel from the effective subchannel map.

The cont
f)

roller transmits an allocation request for the selected subchannel to the UA.

After receiving the UA's subchannel map, the controller generates an effective subchannel map and

When the controller receives an ACK, it goes to the subchannel allocation stage. If NACK is received

or if both ACK and NACK are not received, the DLL increments n. At this time, if n is greater than
3, the DLL reports the failure to the upper layer with DLtoUP.NotiGetCSCH, and if it is less than or
equal to 3, d) is executed again, where the controller receives ACK/NACK in the next IWR allocation

slot of th

The proceduy

First, if the RkOn parameter of the upper layer UPtoDL.InfolWRSlot interface is 1, the UA’ contin

receives corr
negotiating a

When a subc
map to the cd

After the UA
transmits an
be allocated,
ACK/NACK td

6.34.2 IW

In order to al
from the sele

The three IWRs are calculated with PN code generator shown in Figure 14 as follows.

ETWR allocation slot used in eJ.
e for the UA to perform subchannel negotiation is as follows.

esponding IWR slots. In addition, the UA shall respond to the controller’s request
subchannel.

ntroller in the next IWR slot of the IWR slot that received the request.

receives the subchannel allocation request, if the subchatinel is available for alloca
ACK to the controller and enters the subchannel allocation stage. If the subchannel g
it transmits NACK and its own subchannel map to‘the controller. The UA shall trz
the controller in the next IWR slot of the IWR slet.that received the request.

R selection and IWR allocation and occupation

cted IWRs. The tone subslot set to which the allocation is made are shown in 6.2.1.

hously
when

hannel map request is received in a slot of an IWR, the UA shall‘transmit its subchannel

ion, it
annot
nsmit

locate IWRs, the controller selects three\lWRs to attempt to allocate, and tries to allocate

(17)

[D25(0),D24(0), ..., Dy (0)] = [SAp555A24, -..,5A)]

[bys byy | - rbys ] = [SAg,S4,, 54, ]

[b16,b15| --»b11] = [fs, fassis fo

[b1g.bg, }...bo] = [Ms, My, M3,Mp,My,My,Hy,Hs,Hy,Hy Hy |
[ass,a94 ) -.,ap | =S4y, 54y, ...,SAy,, 1]

PN(clk) 4 (Dy (cll) & by )(Dy (clk) & by ). (Dys (clk) & by )
Niwr0 =|[BN(15),PN(14), ...,PN(0)]

Niwrl = [PN(31),PN(30), ..., PN(16)]

Niwr _try0 = ﬂoor((Niwr0x4)/216 )

Niwr _tryl = ﬂoor((Niwrle)/Z16 )

where
D, (clk)
SA
Jx

X

24

is a x-th bit of shift register D at clock clk;

is a x-th bit of source address, the number of SA bits is greater than or equal 26;

is a x-th bit of frame number, the number of fbits is 6;
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X is a x-th bit of minute, the number of M bits is 6;

H, is a x-th bit of hour for 24-hour clock, the number of H bits is 5 and H has the
value from 0 to 23;

PN(clk) is a pseudo random bit of PN code generator at clock clk;

& is AND bit operation that means a logical multiplication;

" is exclusive OR bit operation that means exclusive logical sum operation;

floor(x) means the largest integer among integers smaller than or equal to x.

The tlIlree selected IR;, are IRy, ¢ry0, Niwr ery1 IR

(Niwr_t

tryll
contr

The t

&Nzwr try0+1) mod 4, (Niwr_tryl+1) mod 5, IR(NI

ller stops the allocation.

ype of the slot block used for IWR allocation is TSBtype2, and ¢empetition for

described in 6.4.1. IWR allocation competition is performed by the cofitroller alone, the

for the

After
receivj

The U
When

p competition is UA’s address, and SSg, . is 1.

hllocating IWR, the controller can perform one slot clearingiirthe next frame. When
es the PB 0x08 from the UA, slot clearing is not perfornmied-after that.

/142) mod 5° Wher allocating IWR, the controller tries to allocate sequentially fr'eim I}
and can make up to 3 attempts until the allocation is successful. If the allocation is s

r_try0+2) mod4,

Niwr_try0, Niwr_
iccessful, the

TSBtype2 is
hddress used

the controller

A shall receive tone subslot sets mapped with IWRs{d determine which IWR is currently occupied.
the UA receives a signal from the related contreller in an IWR, if the IWR is not occ

upied, the UA
learing is not

ller performs

5ing [WR, the

(18)

perfofms slot clearing once in the next frame. If the.corresponding IWR is occupied, slot ¢
perfoiimed in the next frame.
If the pubchannel negotiation is finished in the first frame, neither the UA nor the contro
slot clparing in the next frame.
6.3.4.8 Power control in subchannel negotiation
The mjaximum power of IWR is:PmaxIWR and the minimum power is PminlWR. When u
initialf{transmit power of the ¢ontroller is as follows.
a) When SC signal is received from the relative UA:
ATX _CO_IWR_ini)= MIN((PtargetlWR + PL_SCd +
SWRrequiredlWR + PmarginlWR), PmaxIWR)
wheré¢
PtargetIWR is the target receiving power of IWR:
PL_SCd is the path loss measured from the SC signal received by the controller;
SNRrequiredIWR is the SNR required to receive the IWR slot;
PmarginlWR is the power margin for the IWR slot.

PtargetIWR, SNRrequiredIWR, PmarginlWR, PmaxIWR are received from the upper layer as UPtoDN.
InfoPowerParamIWR.

b) When SC signal is not received from the relative UA:

PTX _CO_IWR _ini =

PmaxIWR
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where the controller shall transmit its own transmission power and the UA's initial transmission
power to the UA using PB 0x07. The initial transmit power PTX_DR_IWR_ini of the UA designated
by the controller is determined by adding the PoffCtoD value received from upper layer as UPtoDL.
InfoPowerParamCCH to the controller transmission power.

PTX _DR_IWR _ini= MIN( (PTX _CO _IWR _ini+ PoffCtoD), PmaxIWR) (20)
When the UA receives PB 0x07, it responds with the designated transmit power. At this time, it is
necessary to use PB 0x06 to deliver its own transmit power and receive power of controller signals.

The power control of the UA and controller after initial transmission is as follows.

Upon receiving PB 0x06, the controller transmits PB 0x06 to the UA and adjusts the transmit power as
follows. Whete, PL_IWR_CtoD is the path loss of the IWR slot signal sent by the controller tocthe UA.

PTX _CO|IWR= MIN((PtargetIWR +PL_IWR _CtoD+ 1)
SNRrequiredlWR + PmarginIWR), PmaxIWR)

The controllgr that has not received PB 0x06 adjusts the transmit power in themext IWR slot as fdllows.

PTX _CO]IWR= MIN((PTX _CO_IWR_prev+ 3), PmaxIWR) (22)

where PTX_CP_IWR_prev is the controller transmit power in the previous IWR slot. The controll¢r that
does not recdive PB 0x06 transmits PB 0x07 to the UA. At this time; the transmit power PTX_DR_IWR
of the UA degignated by the controller is as follows, where PTX)DR_IWR_prev is the UA transmlission
power in the previous IWR slot.

PTX_DR| IWR= MIN ((PTX _DR_IWR_prev+ 3), PniaxIWR) (23)
When the UA receives PB 0x07, it responds witlitthe designated transmit power. At this timeg, it is

necessary to juse PB 0x06 to deliver its own transmit power and receive power of the controller $ignal.
In the case offreceiving PB 0x06, it respondsmith PB 0x06 as well.

Upon receiving the 0x06 parsing block, the UA adjusts its own transmit power as follows.

PTX _DR| IWR= MIN((PtargetiIWR + PL_IWR_CtoD+ (24)

ion in
mtroller

compete at the same tlme in the same tone subslot set.

If the UA and the controller fail to allocate a resource, they report the failure to DLtoUP.NotiGetCSCH to
the upper layer.

If the UA and the controller successfully allocate a resource, they perform a generated link confirmation
for 2 sec. After transmitting and receiving packets for the first 1 sec and calculating the received
packet error rate, if the received packet error rate is less than the LinkConfirmError of UPtoDL.
InfoControlChannel, the packet is transmitted and received for the next 1 sec. Otherwise, it transmits
PB 0x0C for the next 1 sec and then reports failure with DLtoUP.NotiGetCSCH to the upper layer.

In case that the packet is transmitted/received for the second 1 sec, if the received packet error rate is
100 % or PB 0x0C is detected in the received packet, the failure is reported as DLtoUP.NotiGetCSCH to

26 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=5961eba9634ae317632639be23ed0680

ISO/IEC 4005-3:2023(E)

the upper layer. Otherwise, allocation success is reported as DLtoUP.NotiGetCSCH to the upper layer
and the unit enters the occupation stage.

Figure 16 shows the procedure of resource allocation competition and generated link confirmation.

=

y

The DLL processes the competition for
allocation.

No
Success?

Yes

Transmitting and receiving packets
during 1 second

DLL sends the failure to upper.

A A
Packet error rate <0,25
A
Transmitting and receiving packets Transmitting PH 0x0C
during 1 second during 1 second
All erroxior Yes

Is PH 0x0C-detected?

No

DLL sends the success to upper.

/4 AN

k G0 to occupation stage J

Figure 16 — Resource allocation competition and generated link confirmation

6.4.2 Subchannel resource allocation competition

6.4.2.1 General
In the case of subchannel resource allocation, the UA and the controller simultaneously compete for

the subchannel promised to be allocated. At this time, the UA and the controller compete using the UA's
source address. That is, the UA and the controller select the same first and second subslots.
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The competition for allocating control channel is performed twice in the same subslot set {S, }. These
are the first competition and the second competition, where SS, means the z-th tone subslot constituting

{Sx,t-
The first com

a) The first

petition is performed as follows.

subslot, SS;;.; is selected among the subslots from SSg, .. to SS,,4-

b) Carrier sensing is performed until before SS; ;.

c) Ifthe carrier sensing result is 'signal detection', it is determined that the competition is lost, where
the reception power threshold value for determining tone detection is PRXtoneCompeteThre.

d) If the cal
first subs

The second ¢
number is SS

The second c
a) Theseco

b) The unit
subslot.

c) Ifthe sen
to transn

rier sensing result is 'no signal detection’, the tone signal transmission starts.fig
lot.

bmpetition is performed only by the unit winning the first competition. If the first g
na» the second competition is not performed.

bmpetition is performed as follows.

hd subslot, SS..,,q IS selected among the subslots from the nextsubslot of SSg; .., to §

secon

performs carrier sensing instead transmitting a competition tone signal in the 3

sing result is 'signal detection’, it is determined thatthe competition is lost and unit
hit a competition tone signal.

d) If the ser

In case of TS

The first sub
Figure 14 as {

[D25(0),4
[b25.b24 5
[b16,b1s,
[b19.bg

[azs,a24
PN(clk)

type0, TSBtypel, TSBtype2, SS.,q15.32, 19, 9, respectively. S5, is 1.

5lot number and second subslot number are calculated with PN code generator shd
ollows.

D4 (0), .-..Dp (0)] = [SA3:554z, , .., 54, ]

coobiz] = [SAg,Shy, .., SA ]

b ] = [f5,0a0 - fol

by = [MgyMy, M3, My, My, My, Hy,Hs,Hy ,Hy  Hy |
coty] =154, SAy , ... Shyy, 1]

(Dyalk) & by )(Dy (clk) & by )M (Dys (clk) & by )

m the

ubslot

S,

end*

econd

stops

sing result is 'no signal detection’, a competition tone signal is transmitted from thle next
subslot ol SScecond £ SSeng-

whn in

(25)

Npy1 = |

PN(12),PN(11) PN (1),PN(0)]

Npyo = |

PN(25),PN(24), ...,PN(14),PN(13)]

13
SSfirst :SSstart +ﬂ00r((NPN1 ><(SSend +1_Ssstart ))/2 )

13
SS second :SSﬁrst + 1 + floor((Npy> ><(SSend _SSﬁrst ))/2 )

where
D, (clk)

SA

X

28

is a x-th bit of shift register D at clock clk;

is a x-th bit of source address, the number of SA bits is greater than or equal 26;
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Sy is a x-th bit of subslot set number, the number of s bits is 9;
fx is a x-th bit of frame number, the number of fbits is 6;
X is a x-th bit of minute, the number of M bits is 6;
H, is a x-th bit of hour for 24-hour clock, the number of H bits is 5 and H has the
value from 0 to 23;
PN(clk) is a pseudo random bit of PN code generator at clock clk;
& is AND bit operation that means a logical multiplication;
n is exclusive OR bit operation that means exclusive logical sumfop€jration;
floor(x) means the largest integer among integers smaller than onequal td x.

6.4.2.2 Tone subslot transmission power in subchannel allocation

When| the controller and UA perform subchannel allocation, the tramnsmit power of thel tone subslot
signallis calculated as follows.

First, when subchannel negotiation is performed with an SC sighal, it is as follows.

PTX _nego_Tone = MIN ((PtargetCCH + PL_SC + SNRrequiredCCH + PmarginTCH ), PmakTCH)  (26)

wheré¢
PtargetCCH is the target reception pewer of the CCH;
P1_SC is the path loss measured from the received SC signal;

SINRrequiredCCH is the SNR required for the control channel to be received;
PmarginTCH is the power margin for the tone channel linked to the control chapnel.
These|{parameters are receivedfrom the upper layer as UPtoDN.InfoPowerParamCCH.

Seconf, when negotiationis performed with a dedicated slot or IWR, a value obtained by adding PTX_
CCHTCH_differ to the'transmission power of a data slot used in subchannel negotiation is used.

6.4.3 | Generated link confirmation

6.4.3.]l , General

The gemerated Hk confiTmmation Stage 15 2 Sec af ter SUCCESS 1T the SubciTanmel attocation competition.

UAs in the generated link confirmation stage shall broadcast related subchannel information in their SC
occupied slot.

In the generated link confirmation stage, the UA transmits a packet in the downlink slot of the
allocated subchannel and receives the packet in the uplink slot of the allocated subchannel. When the
UA transmits a downlink packet, it shall contain a PB 0x0A consisting of ACKs for the uplink packet
received from the controller.

In the generated link confirmation stage, the controller transmits a packet in the uplink slot of the
allocated subchannel and receives the packet in the downlink slot of the allocated subchannel. When
the controller transmits an uplink packet, it shall include a PB 0x0B consisting of ACKs for the received
downlink packet.
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When one second passes in the generated link confirmation stage, if the error rate of the packet it
receives exceeds LinkConfirmError, the UA and the controller stop occupying the subchannel after
transmitting PB 0x0C notifying the link confirmation failure for the next 1 sec.

When 2 sec elapse in the generated link confirmation stage, the UA and the controller stop occupying
the subchannel when receiving PB 0x0C or when the packet error rate for the last 1 sec is 100 %.
Otherwise, it is determined that the link has been generated.

6.4.3.2 Packet error rate measurement

The UA measures the uplink error rate, and the controller measures the downlink error rate.

The uplink efror rate is the number of CRC fail divided by the total number of received uplinkr-pdckets.
The downlink error rate is the number of CRC fail divided by the total number of received downlink
packets. The prror rate is measured every frame.

6.4.3.3 Initial transmit power at generated link confirmation

The initial trgnsmission power of the UA and controller used in the subchannel-initialization progess is
as follows.

a) In case of performing subchannel negotiation with SC signal:

PTX _CO|_CCH _ini =

MIN ((PtargetCCH + PL_SCd + SNRrequiredCCH + PmarginCCH)), PmaxCCH) (27)

PTX _DR_CCH _ini =

MIN ((PtargetCCH + PL_SCc + SNRrequiredCCH + PmarginCCH ), PmaxCCH ) (28)
where

PtargetCCH is the target reception power of the CCH;

PL_SCd is the path logs measured from the SC signal received by the controller;

PL_SCc is the path'loss measured from the SC signal received by the UA;

SNRrequfiredCCH is the'SNR required to receive the control channel;

Pmargin{CCH is’the power margin for the control channel.

These paramgpters are+éceived from the upper layer as UPtoDN.InfoPowerParamCCH.

b) When ndgotiation is performed with dedicated slot or IWR, the last transmission power used
during ng¢gotiation is used:

PTX _CO_CCH _ini=PTX _CO_DS _prevorPTX _CO _IWR _prev (29)
PTX _DR_CCH _ini =PTX _DR_DS _prevorPTX _DR_IWR _prev (309)

The UA and controller determine the subchannel transmission power plus PTX_CCHTCH_differ as the
transmission power of the tone subslot.

6.4.3.4 Transmission power control at generated link confirmation

The controller shall inform its own transmit power using PB 0x06 and inform the downlink received
power PRX_CCH_dn. The UA shall inform its own transmit power and uplink received power PRX_
CCH_up by using PB 0x06. The controller and the UA can calculate the path loss using the information
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received from PB 0x06 received from the counterpart. It is implementation dependent for the controller
and the UA to perform transmit power control using the calculated path loss. However, the following
rules shall be observed in the transmit power control.

a) The transmit power within one frame is the same. The power change is applied when the frame
changes.

b) The power of one frame can be up to 4 dB greater than the power of the previous frame.

c) If the transmission power of the UA and that of the controller are different, the difference shall be
less than 4dB.

Fa¥ald

The UA

the tr

6.4.3.b

Thep
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insmission power of the tone subslot.

b ACK parsing block
hirsing field of PB 0x0A transmitted by the UA is shown in Table 8.

Table 8 — Parsing field of PB 0x0A

CH_differ as

Bits Description
[0:5] 6 ACK bits, 1 means ACK, 0 means NACK, ACKs-for uplink slots between two downlink
slots, i.e. bit 0 is an ACK on earliest downlink slot.
The parsing field of PB 0x0A transmitted by the controlley is shown in Table 9.

Table 9 — Parsing field of PB 0x0B

Bits Description
[0:1] 2 ACK bits, 1 means ACK; 0 means NACK, ACKs for the downlink slot receiyed before the
corresponding uplihki$lot, bit 0 is an ACK on earliest uplink slot.
PB 0x{C transmitted by a UA or contreller does not have a parsing field.
6.4.4 | Broadcasting control channel information being allocated or occupied
The UA shall broadcast the.CSCH information it is allocating or occupying to the occupyinig SC slot. The
relatef PBs are PB 0x86.and PB 0x8A, and the related parsing fields are shown in Table 10.
Table 10 — Parsing field of 0x86 in SC
Bits Description
[0:4] Control channel number
[5:9] CSCHxwmber
[10:33] Own latitude, see ISO/IEC 4005-2:2023, B.1
[34:57] Own longitude, see ISO/IEC 4005-2:2023, B.2
[58:69] Own altitude, see ISO/IEC 4005-2:2023, B.3
[70:85] Latitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.7
[86:105] Longitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.8
[106:113] Altitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.9
[114:120] CSCH TX power of an unit that has bigger power among the UA and the controller, the
range of -40dBm(0) ~ 40dBm(80)

The parsing field of PB 0x8A shall follow the description in ISO/IEC 4005-4.
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In this document, PB 0x86 is described, but an upper layer can additionally designate another parsing

block for CSCH information transmission.

The shared slot transmission power of the SC uses the general SC slot transmission power as it is.
6.5 Subchannel occupation and collision management

6.5.1 General

At this stage, the UA and the controller occupy the subchannel. Occupation is performed by slot clearing.
The UA and the controller perform slot clearing tone transmission and collision tone transmission in

the tone sub wi upied su ; T I itoring i
by detecting follision tones of other units. Measurement of the amount of interference for neighl
channels is also performed.

In the occupgtion stage, the UA shall transmit information such as the allocated subchannel ny
the location ¢f the UA and the controller, and the bigger transmission power with{a-SC slot us

rmed
poring

mber,
ng PB

0x86. Using the transmitted and received SC information, subchannel collisionpand new subchannel

allocation ar¢ determined.

6.5.2 Subchannel occupation and return

Subchannel gccupation is achieved by the UA and the controller transniitting a tone signal at sulpslot 0

of the tone syibslot set mapped to the subchannel together, i.e. the UA and the controller perfor
clearing at the same subslot. The return of the occupied subchannel is done by stopping slot clg
The upper layer, if necessary, can request the return of the o¢eupied CSCH by UPtoDN.ReqReturn

6.5.3 Collision tone transmission and collision management

When the UAland the controller perform slot clearing for subchannel occupation, the collision ton

m slot
aring.
CSCH.

b shall

be transmitt¢d in the same subslot set. In additien, the UA and the controller shall detect the coflision

tone of anothler terminal in the subslot where the collision tone is not transmitted.
The UA and the controller transmit two ¢eHlision tones of their own in the relative subslot set.

In the case of|TSBtype0, the transmission region of the collision tone is divided into two parts as |
in Figure 17. [Che first transmission region is from subslot 1 to subslot 15 and the second transm
region is from subslot 16 to subslot 32.

¢lyl o 242 |3 eee® |16 |17 |18 | @@ @ | 31 | 32

hown
ission

A N\ J
Y Y
a b
Key
{Sy,} tone subslot set mapped to data slot S, of control channel x
a First transmission region.
b Second transmission region.

Figure 17 — Transmission region of collision tone in TSBtypeO
In the case of TSBtypel, the first transmission region is from subslot 1 to subslot 9, and the s
transmission region is from subslot 10 to subslot 19.

In the case of TSBtypeZ2, the first transmission region is from subslot 1 to subslot 4, and the s
transmission region is from subslot 5 to subslot 9.

econd

econd
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The first transmission region is used by the UA, and the second transmission region is used by the
controller.

In the case of TSBtypeO, the UA calculates the subslot numbers transmitting its own tone in each
transmission region using the PN code generator in Figure 14 as follows.

[D25(0),D24 (0), ..,

DO (0)] = [SA25,SA24, ,SA()]

[b25.b24, --sb17] = [s8,57, --u80 ]
[b16’b15’ ""bll] = [fs,f4_, ...,fo]
[brg,bg, ...bg] = [M5, M4, M3, My, My, My, Hy ,Hz, Hy, Hy  Hy |

[d
P]
N

N

N
wherd

D

S4

Pj
&

A

fl
The p

(clk)
1

X

N (clK)

hor(x)

N

b5, 004 ...,ao] = [SAO,SAI, w0 SArs, 1]

V(clk)=(Dy (clk) & by )(Dy (clk) & by )M (Dys (clk) & by )

Ly (1) = [PN(12n+11),PN(12n+10), ...,PN(12n+1),PN(12n)]
L+ (0) = floor((15xNpy (0))/2'%)

7 (1) = floor((14xNpyq (1)) /2'2)

psitions N and N, of the two collision tones are as follows.

=N (
[93

is a x-th bit of shift register D at clock-<lk;

is a x-th bit of source address, the number of SA bits is greater tha
is a x-th bit of slot number, the number of s bits is 9;

is a x-th bit of frame number, the number of fbits is 6;

is a x-th bit of mimite, the number of M bits is 6;

is a x-th bit of hour for 24-hour clock, the number of H bits is 5 and
value fromt0 to 23;

is a psendo random bit of PN code generator at clock clk;
iSSAND bit operation that means a logical multiplication;
is exclusive OR bit operation that means exclusive logical sum ope]

means the largest integer among integers smaller than or equal td

(31)

1 or equal 26;

tToffset

N¢1=Ner (1) +Nerogfset » ifNer (1) <N¢r (0)

=N¢r (1) + 1 +Nerogrer » ifNer (0) <Nep (1)
where Nipo¢rser 1S 1 for the UA and 16 for the controller in TSBtype0, 1 for the UA and 10 for the controller
in TSBtypel, 1 for the UA and 5 for the controller in TSBtypeZ2.
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In the case of TSBtypeO, the controller changes the N part in Formula (32) as follows.

Ner (0) = floor((16xNpy (0))/21%)

(33)
12
Ner (1) = floor((15XNpyq (1))/27%)
In the case of TSBtypel, the controller changes the N¢r part in Formula (32) as follows.
12
N¢r (0) = floor((10XNpy (0))/2°7) (34)
12
Ner (1) = floor((9%Npy1(1))/277)
In the case of TSBtype1l, the lJA changesthe Ner partin Formula (32) as follows
12
Ner (0) § floor((9%xNpy1 (0))/2°7) (35)
12
Ner (1) § floor((8xNpy1 (1))/277)
In the case of| TSBtypeZ2, the controller changes the N part in Formula (32) as follows:
12
Ner (0) F floor((5xNpyy (0))/277) (36)
12
Ner (1) § floor((4xNpyq(1))/277)
In the case of| TSBtypeZ2, the UA changes the N1 part in Formula (32) asfollows.
12
Ner (0) § floor((4xNpy4(0))/27°%) 37)
12
Ner (1) § floor((3%Npy4 (1)) /27°%)
The UA and the controller pair shall always receive subslots except for subslot 0 and four collisiop tone
transmission|subslots in the subslot set mapped with thé occupied subchannel.
If two or mdre collision tones are detected in a‘subslot set whose received power is greater than

PRXcollsiontpneThre0 and smaller than PRXcollsiontoneThrel, the unit decides to return subchannel
resources. PRXcollsiontoneThre0 and PRXcollsiontoneThrel are received from the upper layer as
UPtoDL.InfofowerParamCCH.

When a colligion tone whose reception‘power is greater than PRXcollsiontoneThre0 and smallef than
PRXcollsiontpneThrel is detected.for two consecutive frames, the unit decides to return the subchannel
resource.

When a colli§ion tone whese-reception power is greater than PRXcollsiontoneThrel is detected from

the collision §init, the unitdecides to return the subchannel resource.
When FrmAv,

gDT is_equal to or greater than PRXcollsiontoneThre3, the slot return is determined| Here,

FrmAvgDT is
power is calc

hn average power of one frame average power during PRXnumAvgFrm. One frame ay
1lated in a subslot set by averaging received power values of detected tones those re

rerage
ceived

powers are e

tat to or greater tiram PRXcolisiontoneThre2 1 the mumberof detected tones 15

eater

than 2 in the subslot set, the one frame average power is calculated with the two values of the largest
received power.

When it is determined to return the subchannel resource, the unit shall inform the counterpart unit of
it using PB 0x0D.

6.5.4 Power control in occupation stage

The controller shall inform its own transmit power and downlink receive power PRX_CCH_dn using
PB 0x06. The UA shall inform its own transmit power and uplink receive power PRX_CCH_up by using
PB 0x06. The controller and UA can calculate the path loss using the information received from the PB
0x06 received from the counterpart. Using the calculated path loss, it is implementation dependent for
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the unit to perform transmit power control. However, the following rules shall be observed in transmit
power control.

a) The transmit power within one frame is the same. The power change is applied when the frame
changes.

b) If the transmission power is more than Pmax_dmap1 and less than Pmax_dmap2, the maximum
power increase per frame is 4 dB, and when the transmission power is Pmax_dmap2 or more, the
maximum power increase per frame is 2 dB. Where, Pmax_dmap1 and Pmax_dmap?2 are received
as UPtoDL.InfoPowerParamCCH from the upper layer.

c) Ifthe transmission power of the UA and the controller is different, the difference shall be less than
5{B.

d) The maximum power in the occupation stage, Pmax_occupy, is generally equdl fo PmaxCCH.
Hpwever, a case in which a unit using the same channel resource is found in-the’SC i as follows. If
tHe distance to the unit is greater than d_map1, Pmax_occupy is Pmax_dmapZ2;and if the distance to
tHe unit is less than d_map1 and greater than d_map0, Pmax_occupy is Pthax_dmapl. If the distance
td the unit is less than or equal to d_map0, the unit maintains the curient power for the associated
sybchannel.

e) A|controller with a transmission power of Pmax_dmap0 or mere'shall broadcast the UA's location,
itp location, allocated subchannel, and current transmission-power through the SC for 4 sec when
increasing the transmission power by 8 dB or more for 5:sec. If the SC slot for this is pot allocated,
power increase is prohibited for 4 sec.

The uhit determines the subchannel transmission power/plus PTX_CCHTCH_differ as the[transmission

powet of the tone subslot. The transmit power of thé\tone subslot cannot exceed PmaxTCH.

6.6 Reallocation

6.6.1| General

When|a same resource collision occurs or when neighbouring channel interference is grdater than the

threshold value, the unit that detects this shall reallocate the subchannel. The unit can defect the same

resoufce collision through a collision tone, or the SC reception. The neighbouring channe]| interference
can bg detected by receiving the mapping subslot sets of the tone channel or by the SC recgption.

When|reallocation is determined, the existing control channel can be used for reallocation| Reallocation

using existing control channels depends on implementation.

6.6.2 | Reallocation decision

6.6.2.11 / Reallocation decision due to same resource collision

Reallocation decisions due to collision tone detection are described in 6.5.2.

Units allocated the same subchannel can be detected by SC reception. In this case, subchannel
reallocation is determined under the following conditions.

a)

these two units of the control pair is 500m or more.

b)

When another control pair allocated the same subchannel is detected, and the distance between

When another control pair allocated the same subchannel is detected, and the transmission power

of one or both units of the corresponding control pair is greater than or equal to Pmax_dmap?2.

© ISO/IEC 2023 - All rights reserved
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d) When a unit allocated with the same subchannel is detected and the unit has a transmission power
of Pmax_dmap1 or more, and the distance between itself and the unit is more than d_map0 and less
than d_mapl.

6.6.2.2 Reallocation decision due to neighbour channel interference

Neighbouring channel interference exists between UAs and controllers. Because the uplink and
downlink are separated in time region, there is no channel interference between UAs or between
controllers.

Measurement of the ‘amount of interference due to nelghbourmg channels usmg a competltlon tone
channel is desc el reg 3 , A

a) When tHe calculated interference power is greater than (PImin-Plmargin-6dB) and!lesg than
(PImin-Plmargin-3dB), which lasts for 4 sec.

b) When the calculated interference power is greater than (PImin-PImargin-3dB) and lesg than
(PImin-Plmargin), which lasts for 2 sec.

c¢) When the calculated interference power is greater than or equal to (PImin -yPImargin).

PImin and Plmargin are received as UPtoDL.InfoPowerParamCCH from theupper layer.

Subchannel reallocation is determined when the interference of the¢sarmie neighbouring channel|is the

following corldition according to the SC reception information.

a) If the intprference power calculated from the current position and the transmission power|of the
controller using the interference channel is greater than Plrealloc0, the UA determines reallo¢ation,
where the interference power is calculated as follows:
where
i is the channel number uised by the interference controller;

PTXscCO is the CSCH transmit/power of the interference channel i;
j is the channeknumber of the UA;

d is the distance between the UA and the interference controller in km, and shall|be

calculated based on location information.

The free ppacepath loss L¢,(d) is calculated as follows.

LfS (d) F 32,45dB + 2010g10 (dkm'fMHz) (39)
where fyy, is the center frequency of the channel used by the interference controller and is
calculated from the upper interface UPtoDL.InfoControlChannel.

b) If the interference power calculated from the transmission power and current location of the
UA using the interference channel are greater than PlreallocO, the controller determines the
reallocation.
where the interference power is calculated as follows.
where
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is the channel number used by the controller;

is the channel number used by the interference UA;

PTXscDR; is the CHCS transmission power of the interference channel j;

d

is the distance between the controller and the interference UA in km.

The free space path loss L¢,(d) is calculated as follows.

Ly (d) = 32,45dB + 20logyo (dym* funz)

(41)

W]
re
Subch
the SQ
a) If
c(

gl
C4

o]

W]

It
lo

&~

W]

b) If

here fyy, is the centre frequency of the interference channel used by the UA whetg
ceived as UPtoDL.InfoPowerParamCCH from the upper layer.

annel reallocation is recommended when the neighboring channel interference ca
reception information is the following conditions.

the future interference power calculated from the transmission” power and lo
ntroller using the neighboring channel and the future UA's owir-way point are e
eater than Plreallocl, the UA can determine reallocation,\Where the interfere
lculated as follows.

Ufcitonj = PTXscCO; —Lg (df ) —1C;_

here
is the channel number used by the'interference controller;
XscCO; is the CSCH transmit power'of the interference channel i;

is the channel number-of the UA;

is the minimum distance between the interference controller and the UA
10 sec.

shall be calculated from the way points, which is implementation dependent. The fr
Ss L¢(df) is calculated as follows.

B (df) = 32045dB + 2010g10(df km* Fuitiz )

here fyg, 1s the center frequency of the interference channel used by the controller.

the future interference power calculated from the transmission power and locd

PIreallocO is

culated from

ation of the
pected to be
lce power is

(42)

n the next

be space path

(43)

tion and the
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greater than

Plreallocl, the controller can determine reallocation, where the interference power is calculated as
follows.

Plfpjtoci = PTXSCDR; Ly, (d ) —IC;

=]l

where

i is the channel number of the controller;

j is the channel number used by the interference UA;

PTXscDRj is the CSCH transmission power of the interference channel j;
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de

is the minimum distance between the controller and the interfering UA that will

be obtained within the next 10 sec.

[t shall be calculated from the current position and way points of the interfering channel UA, which
is implementation dependent. The free space path loss L (d;) is calculated as follows.

Ly (dy)

= 32,45dB + 20l0g10 (d jom* futtiz )

(45)

where fyy, is the center frequency of the interference channel used by the UA where Plreallocl is

received

as UPtoDL.InfoPowerParamCCH from the upper layer.

6.6.2.3 Redllocation decision by increasing packet error rate

Subchannel r

6.6.3 Subc

6.6.3.1 General

When the UA
that receives
PB 0x0D whq
seconds. If th

ballocation by increasing packet error rate is implementation dependent.

hannel reallocation procedure

or controller decides to reallocate, it shall notify the counterpart using PB 0x0D. T}
the PB 0x0D indicating the decision to return the subchafnel resource shall transn
se parsing field value is 4. This PB 0x0D exchange shdll take place within TimeOf
e PB 0x0D exchange fails, the unit immediately returns-the subchannel.

e unit
nit the
PDDTry

If the UA decides to reallocate, it can transmit its own subchannel map using PB 0x03 together wjith PB

0x0D. When
by using PB ()

When subcha
TcchReturns,
returned. Tcd

The subchan
the subchann

Subchannel n
UPtoDL.Info(

subchannel nlegotiation is performed with IWR.

The method
but in the cal
simultaneous
subchannel a

the controller decides to reallocate, it can request the UA's subchannel map transm
x02 with PB 0x0D.

nnel reallocation is performed, the existing allocated subchannel is occupied for max
If reallocation is completed within-TechReturn, the existing subchannel is immed
hReturn is received as UPtoDN.InfeFimeParam from the upper layer.

hel reallocation procedure is the same as the subchannel allocation procedure exce
el negotiation.

egotiation is first performed in the manner indicated by the ReallocMethod param
ontrolChannel. If ReallocMethod is '0' and the controller cannot receive the UA's §

that the UA.and the controller perform subchannel negotiation is the same as
e of sub¢liannel reallocation, additionally currently allocated subchannels can b

hd can'transmit and respond to the determined subchannel number.

ission

imum
liately

pt for

bter of
C slot,

n 6.3,
e used

ly. The\unit can request and respond to a subchannel map with the currently allpcated

The operatio

h nfncing the r‘nrrﬁnﬂy allocated subchannel fngnfhnr dnring such subchannel nego

iation

is implementation dependent.

If subchannel reallocation is successful, this shall be notified to the upper layer with DLtoUP.
NotiCSCHStatus instead of DLtoUP.NotiGetCSCH.

A UA or controller performing the subchannel reallocation procedure can continue to perform power

control for th

e currently allocated subchannel.

6.6.3.2 Parsing block for reallocation

The parsing f

38

ield of PB 0x0D indicating the reallocation decision is shown in Table 11.
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Table 11 — Parsing field of 0x0D

Bits Description

[0:2] 0 - Collision tone detection

1 - Collision detection of the same resource through SC reception

2 - Threshold excess of neighboring channel interference

3 - Prediction of threshold excess of neighboring channel interference

4 - Response to counterpart unit's decision to reallocate
6.7 PData-exchange
6.7.1| General
Parsirg blocks that are equal to or higher than 0x80 share the same parsing/locks with SC. PBs that
can beg used in the control channel are PBs from 0x00 to 0x7F, which is shared'with the vigleo channel.
The upper layer can request packet transmission using UPtoDL.ReqTxCCH. The DLL shgll deliver the
receivied packet to the upper layer using DLtoUP.RsvCCHData. At this time, if all PBs included in the
receivied packet are in the header list of Table 13, it is possible that.they are not delivered to the upper
layer.
6.7.2 | Data packet format
6.7.2.l General

Sync Source . Dat CRC
field address Trust field ( 2 El ) 24 bi
i r
(2bits) |  (variable) (8 bits) vartable (24 bity)
816 bits

Figure 18— Control channel packet format except IWR
Figurg¢ 18 shows the packet format of the data link layer. The source address is generallly 26 bits, but
higher layers can allocate a larger address with UPtoDN.InfoPacketParam. The total |ength of the
packet is 816 bitszand the maximum length of data varies according to the length of the source address.
The upper layeriean deliver data of length less than or equal to the maximum length of datja to DLL. CRC
is addpd at the-physical layer.

j acljet fyr,lf SJo;lrce DesAtiAnation ’I;rlfit Data CRC
CTautlt IICIU dUlrcos dUUIrcosS IICIU O bl .
(8bits) | (2bits) | (variable) | (variable) | (8 bits) (variable) (24 bits)
J 816 bits .

Figure 19 — IWR packet format

The packet format of IWR is shown in Figure 19. The source address and destination address are
generally 26 bits. Where, the length of the source address and the length of the destination address are
the same. The total length of the packet is 816 bits, and the maximum length of data varies according
to the length of the source address and destination address. PKH 0x00 is used for control channel
allocation in this document. Remain PKHs is determined at the upper layer.

© ISO/IEC 2023 - All rights reserved

39


https://iecnorm.com/api/?name=5961eba9634ae317632639be23ed0680

ISO/IEC 4005-3:2023(E)

6.7.2.2 Sync field

The sync field is 2 bits. The meaning of the sync field is shown in Table 12.

Table 12 — Sync field meaning

Value Description
0x0 A sync
0x1 B sync
0x2 Csync
0x3 reserved

6.7.2.3 Source address and destination address

It is recommegnded to set the source address and destination address to 26 bits. However, the lupper
layer can set the unit address bit number larger. In this case, the upper layer shall shorteén the mayimum
data field length by the increased number of bits.

6.7.2.4 Trystfield

The trust fieldl shall be received by all units, but the trust check shall be performed only by an authprized
receiver.

The method ¢f generating a trust field uses LFSR structure showii.in Figure 20.
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I, + TrustOffset

d

0

1 a,
D, D,
Ty, i
b & O— eee < h h—— PN(clk)
PN(0) PN(1) PN(2) PN(3) PN(28)  PN(29) PN(30)  PN(31)

gco g Cl g CZ g Cs 5628 gczg g C30 631
(X X J
N N\ A% TFo U U N\ TF.

Key

Lstrubiostser @ (clk+TrustOffset)-th bit of input data from upper layer or encrypted data
aj a k-th bit for AND operation with D

b, a k-th bit for AND operation with D,,

Ck a k-th bit for AND operation with PN¢k)

dy a k-th bit for AND operation with input(clk+TrustOffset)

Dy, a k-th register

D, (cIf) output of shift register D, at clock clk

PN(clK| PN coded generatoroutput for trust field generation at clock clk

TF, a x-th bit of trust field

Figure 20 — LFSR structure for trust field generation
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The value of PN and the i-th trust bit TF; are as follows.

[D31(0),D3(0), ..., D36 (0)] = [K101, K100, ---» Ko ]
[D25(0),D4(0), ...,Dy (0)] = [SAzs,SAz4, ---,SAp]

[d31.d30, -.,dp3] = [sg.57, --»50 ]

[dz.d21, -.di7] = [f5. far - fol

[di.ds5, --0di1] = [Ms5,My,M3,My, My, M ]

[d1o.dy, ....ds] = [Hy,H3,Hy,Hy, Hy]

[ds.dy, t..do] = [Ja.J3.--J0, Ko

[b31,b30| ---»bo] = [Kos, Kog, --., Kes]

[c31,€30| - C0] = [Ke3, Kez» - K32]

[az1.,a30 ---.a0] = [K31, K30, .., Ky, 1]

PN(clk)= (Do (clk) & by )(D; (clk) & by )*..." (D31 (clk) & b31 )

TFn=(PN(4n)&c4,)(PN(4n+1) & cy,q )J(PN(4n+2)& C4y42 )(PN(4n+3) & c4p03),n=0,1,.17,

[CansCaniftCans2,Cans3] # [0, 0,0, 0] (46)

where

D, (clk) is a x-th bit of shift register D at clk;

SA, is a x-th bit of source address, the humber of SA bits is greater than or eqyal 26;

f is a x-th bit of frame numbel, the number of fbits is 6;

Sy is a x-th bit of slot number, the number of s bits is 9;

v is a x-th bit of mintite, the number of M bits is 6;

H, is a x-th bit ofthour for 24-hour clock, the number of H bits is 5 and H has the
value from 0 to 23;

Jx is a x-th'bit of date, the number of ] bits is 5 and J has the value from 1 to 31;

K, is'a x-th bit of secret key between the trust check system and the unit and has a
length of 102 bits;

PN(clk) is a pseudo random bit of PN code generator at clk, and PN(0) is the PN vajue
when the initial value is loaded into the PN code generation register.

The LFSR is updated as follows.
Dy (clk +1)=(D3 (clk) & ag )Urrystoppset+cik & o) a7

Di (Clk+1) = Di—l (CIk)(D31 (Clk) & al' )UTrustOffseHcIk & dl ),I = 1, .o .,31

where

I

X

is a x-th bit of input data from upper layer or encrypted bit if data security is ap-

plied;

TrustOffset is an offset of data field.

42
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6.7.2.5 Data field

6.7.2.5.1 General

The data field consists of parsing blocks. The parsing block consists of a parsing header and a parsing
field. The parsing header is 8 bits, and the length of the parsing field depends on the parsing header.
Each parsing block can be inserted anywhere in the data field. However, a parsing block and another
parsing block shall be attached without empty space, and the first parsing block shall be located
immediately after the trust field.

The upper layer shall transmit data of a length less than or equal to the length of the data field to the

Ayer: ath g ormation-providedfromthey 3 3 han the length of
dta field, the remaining bits are processed as follows.

If the length of unused extra data bits is less than 8, the extra data bits are filled with'0". If the length of
unuseld extra data bits is greater than or equal to 8, the extra data bits are filled with a parsing header
'0x80] and a padding bit string of length 97 indicating padding. The paddingbits are cqnstructed by
using|a string of bits of length 97 repeatedly. A 97-bit sequence consists ‘of the next 96}bit sequence
followjed by a bit of '1".

— ‘OKx71E5477D_A5B32BF7_E5469C8E’

wherq "' is used to distinguish 32 bits without meaning.

6.7.2.5.2 Parsing header and parsing field

The pprsing header consists of 8 bits. If the most sigifificant bit of the parsing header is|'1’, it has the
same meaning in common in SC, CC, and VC. If the\most significant bit of the parsing h¢ader is '0' in
CSCH,|it has a meaning related to CC and VC. The parsing header is specified in Table 13 {Upper layers
can de¢fine different parsing headers.

Table¥3 — Parsing header list

Value Description
0x02 Request to-fransmit a subchannel map, it does not have a parsing field.
0x03 Subchannel map
0x04 Subchannel allocation request
0x05 ACK on subchannel allocation request
0x06 Own transmission power and reception power of the counterpart's signal
0x07 Own transmission power and designation of the counterpart’s transmissipn power
0x08 IWR resource collision notification, this has no parsing field.
0x0A ACKs for uplink packets
0x0B ACKs for downlink pnrkpfe
0x0C Link confirmation failure, this has no parsing field.
0x0D Notification of reallocation decision

6.8 Synchronization

A sync, B sync and C sync units shall know the date, hour, minute, second, slot number in order to
transmit a packet.

6.9 Data link layer security

In control communication, units perform one-to-one communication. Security can be applied depending
on the service of one-on-one communication.
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If an upper layer requests the use of data link security, then the following security shall be used.

The data link layer receives the security key U from the upper layer. The data field is scrambled by the
PN code generated by the PN generator as shown in Figure 21.

a,= 1 a; a, a, Ay as, gaal
Co =D € =D G, —D—1C | 000 —D— (o [ =D—1 G5 [ ~D—1{ C,
o i T N e il
S S S
. PN
PN2
eO el eZ 83 829 630 e31
FO Fl D FZ D F3 o000 F29 B F30 D F31
dy=1 d, d, dy d5 dy, dy,
Key
ay a k-th bit for AND operation with C3;
by, a k-th bit for AND operation with C,
Cy a k-th register of upper LFSR
F a k-th register of lower LFSR
dy a k-th bit for AND operation with:Fg}
ey a k-th bit for AND operation with/F,
PN1 outpput of upper LFSR
PN2 outppt of lower LFSR
PN outpput of PN code generator
Figure 21 — PN code generator used for data scrambling
[(131,(130, ..,an] = [Uzﬁ’ UZI;’SR’ U24, ceey U‘lﬁ’sﬁ, U‘ll:"’ ceey UR,S'%, U7, ceey UO,SO’ 1]
[b31,b30, --bg] = [Uss, ..., Usz. fs, Usgs - Usz, f3, Uzgs -y Ung, Sy, Uz7]
[C31(0),C30(0), -...Co (0)] = [U7y, ..., Us3,M5,Myq,Mp,Hy ,H3 ,Hy, Uzy, .., Ugy,Y3,Y1, W3, Wy, Ugg, ., Use ]
[d31,d30, -, do] = [U103,57,55, Utz - Ugs,S4, Ugas -y Ugs,Sz, Ugys -y Uzg,sy, 1]
les1.€30, -] = U1z, - Unag o fa Urass - Unias f2, Urazs - Usoss f1, Usoal
[F31(0),F30(0), ....Fy (0)] =[Ussg, ..., Uisg,M3,M1,Mo,Hy,Hy, Urgg, ..., U1zg, ¥y, Y2, Yo, Wo, Wy, Uzy, ..., Usss]
PN1(clk)=(Cy (clk) & by ) (Cy (clk) & by ). " (C31 (clk) & bsy)
PN2(clk)=(Fy (clk) & ey) " (Fy (clk) & e )™ .. (Fy1 (clk) & e37)
PN(clk)=PN1(clk)" PN2(clk) (48)
44
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where

C,(clk) is a x-th bit of upper shift register C at clk;

F,(clk) is a x-th bit of lower shift register F at clk;

U, is a x-th bit of a security key provided by the upper layer;

fx is a x-th bit of frame number, the number of fbits is 6;

Sy is a x-th bit of slot number, the number of s bits is 9;
1s a x-th bit of minute, the number of M bits 1s 6;

H is a x-th bit of hour for 24-hour clock, the number of H bits is'5)and H has the
value from 0 to 23;
is a x-th bit of date, with a value from 1 to 31, the nuthber of Y bits|is 5;

|7 is a x-th bit of month, with a value from 1 to 12,/the number of W Hits is 4;

PN(clk) is a pseudo random bit of PN code generatex'at clk, and PN(0) is the PN value

when the initial value is loaded into thetwe PN code generation r¢gisters.

The first bit of the data field is scrambled with PN(O.)(Subsequent data bits are also scrambled

seque

The p
6.10

6.10.1
The ix

htially. Where O, 1S [U159, Uysg, o0 Ugss]

hdding block in data field is not scrambled.
Interface with upper layers

General

iterface with the upper layer.consists of the interface header and the following pprameters as

show in Figure 22. The number of bits of the header is 8 bits, and the number of paramieters and the

numb

The u
packe

b1 of bits of each parameterare different for each interface header.

01 Header Parmeterl Parmeter2 o000

ParmeterN

Figure 22 — Interface packet structure with upper layer

pper layer can send an interface packet to the DLL and likewise the DLL can send an interface
[ to'the upper layer. In this case, sending ACK/NACK in response to each interface i optional and

imple

ot A | A | 4+
Tt AatTUIT U TP TITUTIIT.

6.10.2 Initialization interface

6.10.2.1 General

The initialization interface is used when the unit is initialized. The upper layer can use this interface

afteri

nitialization if necessary. Table 14 shows an initialization interface list.

Table 14 — Initialization interface list

Interface name Header value

Direction

UPtoDL.InfoPowerParamCCH 0x01

to DL
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Table 14 (continued)

Interface name Header value Direction
UPtoDL.InfoPowerParamCCHsub 0x02 to DL
UPtoDN.InfoPowerParamDS 0x03 to DL
UPtoDN.InfoPowerParamIWR 0x04 to DL
UPtoDL.InfoTSBTypeMap 0x05 to DL
UPtoDL.InfoMapOption 0x06 to DL
UPtoDL.InfoApprovedSubchMap 0x07 to DL
UPtoDL.InfolCConstant 0x08 to DL
UPtoDN.InfoTjimeParam 0x09 to DIx
UPtoDN.InfoPlacketParam 0x0A to\DL
UPtoDL.InfoDjedicatedSlot 0x0B to DL
UPtoDL.Infol\VRSlot 0x0C to DL
UPtoDL.InfoCpntrolChannel 0x0D to DL
UPtoDL.InfoSpcurity 0x0E to DL

6.10.2.2 UPtoDL.InfoPowerParamCCH

UPtoDL.InfofowerParamCCH has many parameters. The meaningiof each parameter is shown in
Table 15.

Table 15 — Parameters of UPtoDL.InfoPowerParamCCH

Pargmeter name bits Description

PmaxCCH 7 Max CCH transmission power,
-40dBm(0) ~ 40dBm(80)

PminCCH 7 Min*€CH transmission power,
-40dBm(0) ~ 40dBm(80)

PtargetCCH 5 PtargetCCH is the target reception power of the CCH.
-110dBm(0) ~ 79dBm(31)

PmarginCCH 4 Control channel power margin,
0 dB(0)~15 dB(15)

PmaxTCH 7 Max TCH transmission power,
-43dBm(0) ~ 37dBm(80)

PmarginTCH 4 Power margin of tone channel mapped with the control chgnnel,
0 dB(0)~15dB(15)

PTX_CCHTCH_differ 4 Difference between subchannel transmission power and tone

channel transmission power,
-15 dB(0)~0 dB(15)

PoffCtoD 4 Power offset used when the controller specifies the UA's initial
transmit power,

0 dB(0)~15 dB(15)

SNRrequiredCCH 4 Required SNR of control channel,
0 dB(0)~15 dB(15)

PRXtoneCompeteThre 5 The detection threshold of the tone subslot performing competi-
tion,

-115dBm(0) ~ -84dBm(31)
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