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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
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
establish i izati i i i i v —C
technical fommittees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives;-Part 2.
The main| task of the joint technical committee is to prepare International Standards.,Draft Internatiopal
Standardd adopted by the joint technical committee are circulated to national bodies fér yoting. Publication [as
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

Attention s drawn to the possibility that some of the elements of this document'may be the subject of patg¢nt
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 1|7568 was prepared by Ecma International (as ECMA-398) ahd“was adopted, under a special “fast-
track prodedure”, by Joint Technical Committee ISO/IEC JTC 1, formation technology, in parallel with |its
approval by national bodies of ISO and IEC.

Vi © ISO/IEC 2013 — All rights reserved
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Introduction

Today'’s typical consumer uses digital files to store multimedia content such as music, photos, and videos. But
these files are quickly becoming larger in number and size. A continual demand for higher quality results in
larger file sizes. And proliferation of smaller, portable devices makes it easier to generate more content in less

flerring the
content from a video camera to an external disk drive. Sharing photos might involve transferring‘the¢ contents

Byt with today’s available technology, these activities present difficulties to thenaverage consymer. The
nsfer process may take a long time due to the large file sizes. Or it may involve, special cables qr complex
up. Therefore, a need exists to make it faster and simpler to transfetslarge multimedia files. This
Infernational Standard specifies a technology that addresses this need by ‘using close proximity electric
induction to transfer large files quickly and easily.

© ISO/IEC 2013 — All rights reserved vii
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INTERNATIONAL STANDARD ISO/IEC 17568:2013(E)

Information technology — Telecommunications and information

exchange between systems — Close proximity electric
induction wireless communications

1| Scope

THis International Standard specifies a connection layer (CNL) and a physical layer (PHY) for transfe¢rring data

between two close proximity entities using electric induction coupling.

2| Conformance

Implementations conforming to this International Standard implement both the CNL and the
Canforming implementations support a centre frequency of 4,48 GHz and all rate settings specified i
3| Normative references

THe following referenced documents are indispensable for the application of this document.

PHY. All
n Table 2.

For dated

references, only the edition cited applies. For-undated references, the latest edition of the neferenced

dgcument (including any amendments) applies.

ISP/IEC 7498-1:1994, Information technology — Open System Interconnection — Basic Referen
THe Basic Model

ITU-T Z.120, Series Z: Languages and General Software Aspects for Telecommunication Systen
description techniques (FDT) —Message Sequence Chart (MSC)

4| Terms and definitions

FQr the purposes,of/this document, the following terms and definitions apply.

4,
chip
shprtest'duration digital unit that is transmitted and used to spread the spectrum

ce Model:

s, Formal

4.2
chip rate
rate at which chips are transmitted

4.3
coupler
antenna used to transmit and receive an electric induction field

4.4

electric induction field
electric field with strength inversely proportional to the distance squared

© ISO/IEC 2013 — All rights reserved
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4.5

initiator

sender of a connection request

4.6

PHY rate

chip rate / spreading factor

4.7

responder

receiver ofa—connecton |cqucot

4.8

spreading factor

number of duplications

4.9

symbol

modulatioh pulse in a single | or Q channel as expressed as a baseband waveform
410

symbol rate

rate at wh|ch symbols are transmitted in each | or Q channel

4.1

target

peer entity

412

unique ID

code unigpely identifying each implemented unit

5 Abbyfeviations and acronyms

ACK Acknowledgement

BPSK Binary Phase Shift Keying

CCF Convolutional Coding Factor

CNL CoNnection layer

CPCI CNL Proto€o) Control Information

CPDU Connection'layer Protocol Data Unit

CSDuU Connéction layer Service Data Unit

C-Acc “Cennection Accept” message management frame
C-Probe “Connection Probe” message management frame
C-Req “Connection Request” message management frame
C-RIs “Connection Release” message management frame
C-Sleep “Connection Sleep” message management frame
C-Wake “Conmectiom Wakeup message management frame
ECS Error Check Sequence

EVM Error Vector Magnitude

FCS Frame Check Sequence

FEC Forward Error Collection

HCS Header Check Sequence

ImMACK Immediate Acknowledgement required

LFSR Linear Feed-back Shift Register

LiCC Link Control Command

MSC Message Sequence Chart

MUX Multiplexer

NoACK No Acknowledgement required
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PDU Protocol Data Unit

PHY Physical Layer

PPCI PHY Protocol Control Information
PPDU Phy layer Protocol Data Unit
PSD Power Spectral Density

PSDU PHY SDU

SAP Service Access Point

SDU Service Data Unit

uiD Unique ID

6 Overview

6.1 Introduction

TH

toliching (or bringing very close together) two electronic entities, this technology allows high speed

of
re
ex

Th
ac
flu

Th
SY|
Im

ex
ra

En
ro

TH

is International Standard specifies the bottom 2 layers of a close proximity wireless transfer tech
data. The basic concept consists of a touch-activated multi-purpose interface designed for a
ternal physical connectors.

e physical layer has a maximum transmission rate of 560 Mbps)\adjusting the data rate
cording to the wireless environment to maintain a robust link even when the surrounding wireless

ctuates.

e RF transmit power is kept at a very low level to cause.negligible interference with other nearb
stems, including other close proximity electric induction systems.

plementations transmit and receive by means ofan electric induction field suitable for near
Jiation.

tities establish a link to enable data transfer and serve as initiator and responder respectively. ]
es have no relation to the actual direction of data transfer as illustrated in Figure 1.

hology. By
exchange
bplications

quiring high-speed data transfer between two entities in a point-to-point (1¢3)-mode, without the¢ need for

downward
condition

y wireless

field data

change. This approach is fundamentally different from traditional wireless systems using microwave

hese two

Close Proximity
. Data Electric Induction
Initiator Wireless Respondel
Communication Data

Figure 1 — Connection between Initiator and Responder

ecinitiator sends a “connection request”, and the responder is its peer that receives a “connectior

request”.

Er Ao oon ocor i

- aithar haoaca-ralac
O C S CalT aSSuUTITC ST TeT OT 1 ST TUTC ST

As specified in Figure 2, this International Standard uses the OSI Basic Reference Model specified in
ISO/IEC 7498-1.

©lI
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CNL User Peer CNL User
CNL- SAP 1
NN A
CNL entity Peer
¢ i entity
csby Connection
CH u\ & >Layer (CNK)
T < CNL protocol S
i ’ PHY- SAP
—~ CNL connection m/
PHY entity Peer
¢ i PHY entity
PHY
PRCI PSD% s Layer
\ PHY protocol
PPDU < >
\ i /
PHY connection
Figure 2 — OSI Basic Reference Model used in this International Standard
7 Transmit signal
7.1 Modgdulation scheme parameters

The modu

the chip rate refers to the shortest duration .digital units that are transferred over the air as well as the dig

bits that 3
the recipr
concateng
bandwidth

lation scheme uses Pi/2 shift BPSK and a chip rate (R;) of 560 Mcps, as illustrated in Table 1. He

re used to spread the transmitted bandwidth. Since the modulation scheme uses Pi/2 shift BPS
ocal number of the chip-‘frate (1/R.) represents the interval between samples of an envelg
ted along the time axis and the symbol rate (Rs) on one channel (Ich or Qch) is half the occupi
(R.) of the envelope: Hence, the relationship of Ry = R/2 is established.

Table 1 — Tx signal parameters

re,
tal
K,
pe
ed

Chig Rate: R¢ 560 Mcps

Chig duratien: Tc = 1/R, 1,786 nsec

SympolRate: Ry 280 Msps

Carrier Center Frequency: F. 4,48 GHz

Modulation Pi/2 shift BPSK + DSSS

FEC 1/2 Convolutional code + Reed Solomon code
7.2 Transmitter functional block diagram

The transmitter functional block diagram is illustrated in Figure 3. Data from the CNL is first encoded by the
Reed-Solomon encoder and the Convolutional encoder. Whether the Convolutional encoder is on or off is

determine

d by the Rate Setting in use, as defined in Table 2.

© ISO/IEC 2013 — All rights reserved
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The spreader spreads the encoded data by duplicating symbols by the spreading factor or process gain Ggg.

The spread data is then scrambled by the scrambler. Scrambling is accomplished using a pseudo random
sequence generated by the Linear Feedback Shift Register (LFSR) in the Scrambler Sequence Generator. Of
the fields of the frame format specified in Figure 14, the Preamble, PHY Header and Payload are scrambled
using different random seeds.

The Pi/2 shift BPSK mapper spreads a binary sequence into complex number signals by multiplying the input
signal by a rotator whose rotation angle differs by 90 degrees for each sample.

Th
in
fre

specified

Figure 12 as the impulse response. The generated baseband signal Sgg(t) is then up-converted to centre
quency F. by the RF module.

PHY-SDU

___________ Modulator _ _ __ __ A¥) 7
| |
! Baseband e '
| |
BIZF,SAV\r/np -t Up Converter |« Waveform | Bngl\jll;lﬂ o [ |
' Generator PP |
Swx(t) Seh(t) Sei(t) |
Ssc(t) Sep(t) Scoft - Rate 522 SW: Switch
s Reed-Solomon
Scrambler [« Spreader [ W |« Convolutional [ Encoder
Encoder k=3 |Sci(t) (240, 224)
Csc(t) ? A VSV
SSCeralrJnet;::eg Sync | PHY Rate | | Gec | - PHY Header
q Csy(t)| Sequence Generator
Generator Gsr |

Figure 3 —Transmitter functional block diagram

.21  Supported Rate Settings and rate dependent parameters

ble 2 specifies the rates Used by the PHY. For rate control, the PHY manipulates the following pafjameters:

Spreading factor (Gs¢) = 1, 2, 4, 8, or 16

Convolutional‘code factor (Gce):

(o]

o

Gcc = Y2 if Convolutional code is used

Gcc = 1 otherwise

Reed-Solomon Factor (Ggs):

(@]

(0]

Grs = 224/240 if Reed-Solomon coding is used

Ggs = 1 otherwise

From the above parameters, the rates are calculated as follows.

Chip Rate = 560 Mcps

Symbol Rate = 280 Msps
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e PHY Rate (Mbps) = Chip Rate (Mcps) / Gsr

e Data Rate (Mbps) = PHY Rate (Mbps) x CCF x Ggs

Table 2 — Rates (Data Rate is rounded down to the nearest 1 Mbps)

Rate Chip | Symbol | PHY Data | Spreading | Convolutional Reed-
Settings Rate Rate Rate Rate Factor: Code Used? Solomon
(Mcps) | (Msps) | (Mbps) | (Mbps) Gse Code
Used?
ate 5227 560 280 560 522 1 No Yes
Rate 261 560 280 560 261 1 Yes Yes
Rate 130 | 560 280 280 130 2 Yes Yes
Rate 65 560 280 140 65 4 Yes X€s
Rate 32 560 280 70 32 8 Yes Yes
PHY 560 280 35 17 16 Yes No
Header

722 R
Table 3 s
CPDU inn|

er coding.

bed-Solomon encoder

pecifies the parameters of the Reed-Solomon encoder. Reed-Solomon code is employed for f

Table 3 — Reed-Solomon encoder parameters

Function Description
Galois field GF (2%
Primitive polynomial p(X) = X& +X* +X3+X%+ 1
Primitive element MSB LSB
o =[00000010]

Generating polynomial

g0 =[x ~)

Code length

240 Bytes

Data length

224 Bytes

PSDU data_shall be Reed-Solomon encoded as follows

1) Starting with Byte 00 (see Figure 18), each block of 224 bytes shall be transferred to the Reed-
Solomon encoder to generate the 16 parity bytes. The bit-ordering of each byte and each Galois field
symbol shall be identical. Simultaneously, the same 224 bytes shall be transferred unchanged in the
same order to the next stage of processing. These 224 bytes are referred to as message bytes.

2) After each block of message bytes are transferred to the next stage of processing, the 16 bytes of
Reed-Solomon parity shall be transferred to the next stage of processing in the order of MSB first of
each parity byte. The parity bytes shall be transferred starting from higher order to lower order.
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Note that the Reed-Solomon encoder transfers and processes data in byte-by-byte order. See Annex E for
examples of Reed-Solomon Encoder data values.

7.2.3 Convolutional encoder

Table 4 specifies the parameters of the Convolutional encoder. Convolutional code is employed for the PHY
Header and the CPDU outer coding.

Table 4 — Convolutional encoder parameters

Function Description
Constraint length K=3
Polynomial G0=7oct, G1=50ct

T4ble 5 specifies the relation between the Rate Setting and the number of convolutional encoders.

Figure 4 and Figure 5 specify the input/output relationship for the convolutional encodings. The inpyt signal in
bath Figure 4 and Figure 5 is the RS-Encoded data as specified in Figure-14.

Table 5 — Rate Settings and number of convolutional encoders

Rate Setting Num. of Conv. Enc. Input/Output bit ordering
Rate 522 No convolutional code
Rate 261 2 See Figure 4
Rate 130 1 See Figure 5
Rate 65 1 See Figure 5
Rate 32 1 See Figure 5
PHY Header 1 See Figure 5

III D
Ts T M

» N~ |
S[=[R
R 0
c|mc|T
{ ) aG1I—O Sco(?)
Scl(t) ===l
~N[= ]S e S
-8R 1a[a[8 -lglela i e B I B
Q| |Q
t= t=
= = Q p »L) _bGO D 2T, 0

1
bG12
G

D

0 \ ! !
Ty —tr Ts =R o
-8 ¥
»(—-bG1

Figure 4 — Convolutional encoder for Rate 261
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BRI
3|3[33[3|3
(D)
P
Sci(®) Sco(?)
2 RRE[ER " T > bR [R5/
t= t= t= =
5T, 0 2T, 0

Figure 5 — Convolutional encoder for Rate 130 to Rate 32 and PHY Header

Figure 4 gnd Figure 5 show each storage element as a box labelled Tb where Tb is the bit duration of the
Input datg. The storage elements shall have value=0 at t=0. See Annex E for examples“of Convolutional
Encoder data values.

In Figure 4 and Figure 5, the data is transferred and processed bit by bit starting with.the MSB of S¢(t).
7.24 ECS

Figure 6 gnd Equation (1) specify the 16-bit ECS. The notation [n2:n1])méans sequence of bits ordered from
bit n2 to bjt n1 where bit n2 is the most significant bit (MSB) and bit n4, is the least significant bit (LSB).

/16
/
Input byte sequence Output byte sequence
—>
SEEE 16-bit ECS qt[15:0] SNRERRRR
g Rl ) Ing [7:0] calculation \O SIS
O Nl =] 2 » ~ ™| N | ©
E|lE(EL|E d |3 S| S| &[S
t © t
t=3 t=0 // 8 =5 t=3 =0

Figure 6 — 16-bit ECS generator

16-bit EC$ calculation:
qo[15:0]=0x FFFF

Ino[7:0] is the 4™ byte in the ECS target field to be sent.

“N denotes The XOR (exclusive OR) operator in Equation (1),
Aw1[19] = q¢ [8] * ¢ [0] * InO] * q¢ [4] * In, [4]

Qo1 [14]1 = 0 [9] * e [1] * Ing [1] * q¢ [5] * Ine [5]

Qe [13]= @ [101 * e [2]  Ine [2] * ¢ [6] » In¢ [6]

e [121= @ [111* @ [0] * Ing [0] * 0 [3] * Ine [3] * q¢ [7] * Ine [7]

Quer [11]=qc [12] % g [1] * Ine [1]
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Qe [10] = q¢ [13] * qi [2] * In¢ [2]
Qe [9] = ar [14] # ¢ [3] * In¢ [3]
Qi1 [8] = 0: [15] * ¢ [0] * In¢ [0] * qt [4] * Iny [4]
Qeet [7]=0e [0] * Ine [0] * q¢ [1] * In [1] * @¢ [5] * In¢ [3]

et [6] = e [1] % Ine [1] * g [2] * Ing [2] * q¢ [6] * In¢ [6]

ISO/IEC 17568:2013(E)

T o) R 74 R LTS 74 R T T B LTS ) R T LA M T
Of+1 [4] = Q¢ [3] * In [3]

Of+1 [3] = ¢ [0 * Inc [0] * ¢ [4] * In¢ [4]

O+t [2] = ¢ [1] * Ing [1] * ¢ [5] * In¢ [5]

O+t [11= e [2] * Ing [2] * ¢ [6] * In, [6]

Op+1 [01 = 0 [3] * Ine [3] * q¢ [7] * In¢ [7]

Sge Annex E for examples of 16-bit ECS data values.

7.2.5 Spreader

Figure 7 and Table 6 specify the function of the spreader;

Scoft) 4)(, fsp(x)

y Ssl)

Figure 7 — Spreader

TFable 6 — Input and output relationship of the Spreader

Spreg\@ﬁactor: Gse Input: x (a =1 or 0) Output: Sgp(t)
1 a a
2 a a,a
4 a a,a,a,a
8 a a, ...,d . cheat 8-times
16 a a, ...... ,a : Repeat 16 times

7.2.6 Sync sequence

(1)

Table 7 specifies the Sync sequence, Csy(t), used for packet synchronization. Csy(t) consists of 128 chips and

expects the transmission to start with the Oth index.
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Table 7 — Sync sequence Cgy(t)

an

0 1 16 1 32 1] 48 0| 64 0| 80 0| 96 01112 1
1 1 17 0| 33 0| 49 1 65 1 81 1 97 11113 0
2 0| 18 0| 34 1 50 0| 66 0| 82 1 98 11114 0
3 1 19 0| 35 0| 51 0| 67 0| 83 0| 99 01| 115 1
4 1 20 1 36 0| 52 0| 68 1 84 01100 01| 116 0
5 ! 21 ! 37 1 53 069 ! 85 0404 A K 4 0
6 1 22 1 38 0| 54 1 70 1 86 01102 11118 0
7 0| 23 1 39 1 55 0| 71 0| 87 01103 01|11 0
Ca
8 1 24 0| 40 1 56 0| 72 1 88 11104 0 | 0
9 1 25 0| 41 0| 57 1 73 1 89 11105 0121 0
10 1 26 0| 42 1 58 1 74 0] 90 1110 11122 1
raN
11 0| 27 1| 43 0| 59 1 75 0] 91 0 01123 0
I
12 0| 28 1| 44 1 60 1 76 1 92 1\ 108 01| 124 1
13 0] 29 0| 45 1 61 0| 77 1 9( 01109 01125 1
14 0] 30 1| 46 1 62 1 78 0 \\& 11110 11126 0
N
15 1 31 1| 47 1 63 1 79 1] 95 11111 01127 0
7.2.7 S¢rambler
Figure 8 specifies the configuration of the scrambler. Table 8 specifies the scrambler truth table which uses
inverted XIOR of the spread signal Sgp(t) and the-LFSR-generated signal.
Scrambler
Ssc(®) ‘ St
< foty) = | S0
1
i Covlt)
Selector |-
A
Csc(t)
Figure 8 — Scrambler
Table 8 — Truth table of Scrambler
X Y Ssct)
0 0 1
0 1 0
1 0 0
1 1 1

10
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As specified in Table 9 the scrambler uses scrambling sequences Cpg(t), Cxe(t), and Cpa(t) for the Preamble,
PHY Header, and Payload parts of the transmit packet, respectively. These sequences are generated by the
scrambling sequence generator specified in 7.2.8. Note the Preamble and Sync parts use a constant 1 data
input. Therefore Cpr(t) and Csy(t) pass through the scrambler unmodified.

Table 9 — Input of Scrambler

Part of Packet X Input of fsc(x,y) y Input of fsc(x,y)
Preamble 1 Csc(t) = Cpr(t)
Sync 1 Csy(1)
PHY Header Ssp(t) Csc(t) = Chel(d)
Payload Ssp(t) Csc(t) =Cpalt)

7.2.8

and Payload).

G

X)=x"+x"+x"+x° +1

Scrambling sequence generator

Figure 9 illustrates the configuration of the LFSR used to generate the serambling sequence. Eg
specifies the polynomial equation for LFSR generation. Table 10 specifies the relationship betw
seeds and scrambling sequences. The scrambling sequence generator expects the register vg
initialized by the scrambling seed [17:0] at the beginning of each-part of the packet (Preamble, PH

uation (2)
ben LFSR
lue to be
Y Header,

()

V

16 14

13

11

10

Output =732 1
CSC(t)

A A 4 A A

Scrambling Seed [17:0]

Figure 9 — Block diagram of Scrambling sequence generator LFSR

Table 10 — Scrambling sequence generator seeds and outputs

Part of Packet Scrambling Seed [17:0] Output of Scrambling
Sequence Generator: Cgc(t)
Preamble 0x011A0 Cpr(t)
Header 0x27BFA Che(t)
Payload 0x3C859 Cpalt)

See Annex E for examples of Scrambling sequences.
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7.2.9 Pi/2 shift BPSK mapper

Figure 10 specifies the configuration of the Pi/2 shift BPSK mapper. The Pi/2 shift BPSK mapper converts an
input binary sequence to a complex output sequence.

Ssc(t) — Xl () —> Swt)

Figure 10 — Pi/2 shift BPSK mapper

Figure 11 |illustrates the concept of Pi/2 shift BPSK modulation. Pi/2 shift BPSK expects the modulation akis
for BPSK[modulation to rotate by 90 degrees for each consecutive symbol. This implementation fotates the
phase by |90 degrees for each new bit or chip from the scrambler. For each 4 chips, the miodulation axig| is
rotated byla complete 360 degree cycle.

Qch4 Qch Qch 4 Qch é
+ -
~———»* fch T Ich te—— Ich ‘ Ich
— —» ‘ || —O0—1—0O > l >
- + (f

Figure 11 — Concept of Pi/2 shift BPSK

Table 11 gpecifies the input and output relationship-of the Pi/2 shift BPSK mapper. The variable “n” represents
a chip number. It can be seen that the values)in the "n mod 4" column correspond to a unique phase rotafor
value.

Input signil Ssc(t,) indicates the scrambler binary output at time t, = n*T.. The function (2* Ssc(t,)-1) in the
Output of [Table 11 specifies the binary (0,1) to real (-1,1) transformation.

After the Rjinary value is converted to a real value, the output sequence Spi(x) is multiplied by the rotator value
+1, 4j, -1, lor -j.

Table 11 — Input and output relation of Pi/2 shift BPSK mapper

n Q&‘ 4 Rotator Input:Ssc(t) Output:Sp(x)
0 1 Ssc(to) (27Ssc(to)-1)
1 j Ssc(t) J " (2"Ssc(t)-1)
2 -1 Ssc(tz) - (2Ssc(t2)-1)
3 g Sscts) -J " (2"Ssc(ts)-1)
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7.2.10 Mathematical framework of the Up Converter and the Baseband Waveform Generator

Spe (1) = Re(Sy,(1) - exp(j27F 1)) @)
N1

Spp(1) = Spy (1) ® ZSH(Z(_’?'TC) (4)
n=0

raerator.

In[Equation (3), Sga(t) represents the transmission baseband sequence, which is illustrated in_(kiglire 13). F,
is the centre frequency, and Re(x) an operation that calculates the real part of a complex number.

In[Equation (4), Sgw(t) represents the transmission baseband waveform, Sp|(t) a complex number delta

fumnction, Nghip, the number of transmit chips in the packet, and ® convolution. Note. that Spi(t) has weight +1,
+j]-1, or —j depending on the Pi/2 shift BPSK modulation.

7.2.11 Baseband waveform

Figure 12 specifies a transmission baseband waveform Sgy(t) using discrete values. In Figure 12, ome cycle of
thé waveform is represented by 8 samples, with the normalized sample numbers shown along the|horizontal
axjs. A cycle of the waveform is 1/Rs (Rs = 280 Msps), which ds\the reciprocal number of the symbol rate.
T4ble 12 specifies the amplitude values that appear in Figure 12.

12 i i i i ! i i i i
T B R N7 AR SEEEEEEE S I
:: 10-7774 | j j ‘ | | | >777‘
iy 9- | | 1 | | | | N
(D 8-*** 7777\7777\7777\7777\ | \7777\7777777‘
£ O : |
S T e AR R T
2] AR Et s ety s St Sl Sl B M
QoA T
() | | | | |
&2 | AR s B
e e e EEE I St RES R R s
Of---1---4---{---- R i SRt ST R P
,2 1 1 1 1 1 1 1 1 1
-1 0 1 2 3 4 5 6 7 8 9

Normalized Sample point : step=1/ (8Rs)

Figure 12 — Baseband waveform Sgy(t)

© ISO/IEC 2013 — All rights reserved 13


https://standardsiso.com/api/?name=452f46fd218810bb5b7e59f1ae5e9124

ISO/IEC 17568:2013(E)

Table 12 — Numerical definition of baseband waveform
Normalized Sample point : step=1/(8Rs) Amplitude value

0 -1

1 -1

2 1

3 5

4 8

5 8

6 6

7 2

Figure 13|illustrates the transmission baseband sequence Sgg(t). The solid line means the real part of Sgg

b,

and the dpshed line is the imaginary part. The imaginary part is delayed with half of symbol duration (1/2Rs)
relative to|the real part. The real part and imaginary part appear alternately in the \complex envelope and the

duration Hetween a real pulse and an imaginary pulse is defined as the chip duration. So the mathemati

relationsh|p between chip and symbol duration becomes 1/Rs = 2*1/R¢.

In the Pi/2 shift modulation scheme, the modulation axis rotates Pi/2-rom chip to chip in the Tx sequen

This means that the modulation axis changes | and Q alternately in chip-duration.

lllustrated|along the horizontal axis in Figure 13 are sample numbers, with one sample being 1/(8R;).

10

cal

[e.

7.3 Frame format

7.3.1 PPDU format

Nomm alze samplk pont -step = I/ BKs)

Figure 13 — Tx baseband sequence Sgg(t)

Figure 14 specifies how CPDUs are encoded to form PPDUs. This figure expresses the case of 2 CSDU

segments in the CPDU.

14
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The PHY shall divide each PSDU into 224-byte message blocks and shall add RS (Reed-Solomon) parity
after each 224-byte block. The size of the last message block will be 1 to 224 bytes as specified in Figure 14.
RS parity of the last message block is calculated by expanding the message size to 224 bytes with zero
padding. When encoding the zero padded message block, the zero pad bytes shall be encoded first. The
added zeros of the last block are not transmitted and will be recovered at the receiver. The added zeros are
also not transferred to the next stage of processing

For all rates except Rate 522, all bits output from the RS encoder, followed by 4 zero value tail bits, shall be
input to the Convolutional encoder. The output length of the Convolutional encoder will be doubled due to the
R = 1/2 Convolutional code.

Fi|l1ally, the transmitter adds spreading, scrambling, and Pi/2 BPSK mapping to form the Transiwit packet

payload. This payload is combined with the Preamble, Sync word, and PHY Header to compléte the Transmit
packet (PPDU).
Common Sub Sub
CPDU | cNL Header | CNL Header Payload FCS | oNL Header Payload FCS
This framé shows 2-CSDU segmeht case.
PHY-SAP
1to
PSDU | 224byte | 224byte | 224byte |  .g.NTL 2dpyte
Reed-Solomon,
16 16 16 1to 16
(240, 223) 20dbyte |\ | 224byte |y | 22dbyle il | e ooabyle | byte
ncoae RS Parity RS Parity RS Parity
x bits
. \d
Convolutional 4
Encoder Input bits
Tail
2x bits bits
Convolutional Codi te = 1/2, Constraint length =3
0daing rate = , Lonstraint ien =
Encoded 9 °
Rate522 :"No Convolutional Encoding and No zero pad bits
Spread, 1
Scrambled And Spreading factor = 1,2,4,8
Modulated
Preamble Sync PHY Header | Payload
PPDU__ se60-chips) 438 chipy H654 chi)
« 7.28usec »0.23useg | 2.97usec, | 0.74usec ~ 2018.4usec

Figure 14 — CPDU encoding process and PPDU format
7.3.2 PHY Header format

Figure 15 specifies the format of the PHY Header. This PHY Header includes 5 fields. Table 13 specifies the
details of the PHY Header.
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Table 13 — PHY Header format description

Field Name Size Value Description
Ver. 4 bit 0x1 Ing [7:4] Frame Format Version
Rate 4 bit 0x1-0x5 Connection Layer Frame Rate
INo[3:0] 0x0: Reserved
0x1: Rate 32
0x2: Rate 65
0x3: Rate 130
0x4: Rate 261
0x5: Rate 522
0x6-0xF:Reserved
Reserved 8 bit 0x00 In4[7:0] | Reserved
Length 16 bit In,[7:0] and | Length after Reed-Solomon encoding [Byte]
In;[7:0]
HCS 16 bit q4[15:0] 16 bit ECS thatlis*Calculated over the Version,
Rate, Reserved, and Length fields of the PHY
Header.

4 zero vallie tail bits, shall be added to the end of the PHY Header before the Convolutional encoder.

PHY Version Rate Reserved Length HCS
Header (4bit) (4bit) (8Dit) (16bit) (16bit)
Ing In4 In, and Ins Q4
— e — e N
Convolutional 6 Byies = 48 bits 4
Encoper Input d bits
Tail bit
Convplutional | :
Entoded Coding rate = 1/2, Constraint length = 3
B 13byte
Spreadings—y |
Scrambling'and Spreading (Spreading factor = 16), Scrambling, Pi/2 shift BPSK modulation
Modulation
Preamble Sync PHY Payload
PPDU | 4080 chips) (128 chip) Zii‘ie:hip)
< 7.28usec 0.23useg  2.97usec,| 0.74usec ~ 2018.4usec

16

Figure 15 — PHY Header format
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7.4 Transmitter

741 Measurement points

The transmit frequency, transmit symbol rate, and transmit constellation error shall be measured at the output
of the transmitter unit (excluding cabling and coupler).

7.4.2 Transmit frequency

The talerance of Fc is + 50 x 10°

7.4.3 Transmit clock rate requirement

Fd, Rc and Rs shall retain the relationship of Fc=8Rc=16Rs.
7.4.4 Transmit Constellation Error (EVM)
-20dB or less (including the impulse response of the root raised cosine filter a=0+78 used by the measurement

equipment).

8| Receiver

8.1 Measurement point

THe reference sensitivity and the blocking level shall-5é measured at the input to the receiver [excluding
capling and coupler).

8.2 Reference sensitivity

Tgble 14 specifies the reference sensitivity:for each rate setting.
Rgference sensitivity is defined as follows:

P3cket Error Rate (PER) shall be.léss than 1% at each reference sensitivity point. CSDU size fof the PER
measurement is 1024 [bytes].

Table 14 — Reference sensitivity point

Rate Setting Sensitivity[dBm]
Rate 522 -59
Rate 261 -65
Rate 130 -68
Rate 85 -71
Rate 32 -71

8.3 Blocking

Table 15 specifies the blocking levels when the desired signal input level is (Reference sensitivity + 3[dB]) for
the data rate in use. The blocking signal is a non-modulated single carrier in each band.

The Packet Error Rate (PER) shall be less than 1% at the blocking level point.
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Table 15 — Blocking level

Band Blocking Level [dBm]
< 2,5 [GHz] -10
2,5 - 3,8 [GHZ] -15
5,15 — 5,985 [GHZ] -15

9 Elec

The PHY
conventio

Figure 16
componer

The comp
and is ne
componer

For this cl
field comp
nature no

tric Induction Field

layer shall use an electric induction field for transmitting and receiving data. This differsfrom
hal radio that uses an electromagnetic radiation field.

ts in each direction generated by this electric dipole.

onent proportional to 1/R® is the “quasi-static” field, which exists only on.the surface of an anten
pligible compared to other fields. The component proportional to 1/R%is-the “induction field”. T
t proportional to 1/R is the “radiation field” which is used in conventionalfadio systems.

pse proximity electric induction wireless communications standard, the PHY shall use the inducti
onent of Eg. This is the longitudinal wave of the electric induction field. The longitudinal wave has
polarization effect compared with the transverse wave in Ep and He.

z

w :angular frequency

I = jwQ : Infinitesimal uniform current

p=0Il :electric dipole moment

R= m distance from the electric dipole

Figure 16 — Electric dipole and field coordinates

illustrates the ideal electric dipole. Equation (5) illustrates the electric and\ magnetic figld

ha
he

on
by
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10 CNL service definition

1

.1 Overview of CNL services

10.1.1 Connection control service

TH

TH

10.1.2 Data service

C\
re

10

N¢

1

.1.3 Security service

.2 CNL service-access point

conventional
wireless systems

e CNL supports the establishment and release of confiections.

e CNL supports at most one point-to-point connettion at any given time.

service is provided with) relation to confidentiality or authentication.

(5)

L service data units (CSDUs) provide' a data transfer service using the PHY. This data transfer service
hlizes data transfer to/from a peer ENL. The CNL shall guarantee both the CSDU integrity and ordering.

THis clause specifies the CNL services provided to the CNL User.

Primitivés—and the details of these primitives are provided in this International Standard to illustrate an
example of how to access the CNL services. The general flow is illustrated in Figure 17 below.
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Not all Se

The detai

CNL User CNL

PHY

PHY

CNL

CNL User

Service.request

Request Transaction

]

[

Response Transaction

Service.confirmation

Service. See Annex F and G.

The CNL

The CNL
accessed

20

rvices utilize every primitive type.

Figure 17 — CNL primitives between the CNL User and the CNL

s of reference MSCs Request Transaction and Response Transaction depend on the spec|f

ser uses the services provided by CNL thtough the CNL SAP.

services and parameters are specified in Table 16. The table also illustrates how each service
by the example service primitives.

Service.indicatior:>

Service.responsé

(¢

S
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Table 16 — List of CNL services and parameters

Services Primitive Type (informative) Parameters
Request Indication Response Confirmation

CNL_INIT 10.2.1.1 Initialization
Parameters

CNL_CLOSE 10.2.2.1

CINE—CONNEET 4+6-2-3-1 tFarget UID/
Paging UID],
CNL User
Paranpeter

CINL_CONNECT 10.2.3.2 Targef UID,
CNL Wser
Parameter

CINL_ACCEPT 10.2.3.3 Targef UID,
CNL UWser
Parameter

CINL_ACCEPT 10.2.34 Targef UID,
CNL User
Parameter

CINL_ACCEPT 10.2.3.5 Target UID

CINL_ACCEPT 10.2.3.6 Target UID

CINL_RELEASE 10.2.41 Reasgn Code

CNL_RELEASE 10.2.4.2 Releage Cause
Originl, Release
Causg Code

CINL_POWERSAVE | 10.2.5.1 T_KegpAlive,
Dormant
period, Awake
periog

CINL_POWERSAVE 10.2.5.2 Dormant
period, Awake
periog

CINL_POWERSAYE 10.2.5.3

CINL_WAKE 10.2.54

CINL_WAKE 10.2.5.5

CINLWAKE 10.2.5.6

CNL_DATA 10.2.6.1 CSDU Profile
ID, Payload
Length, Data
Payload

CNL_DATA 10.2.6.2 CSDU Profile
ID, Payload
Length, Data
Payload
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10.2.1 In

This service is used to reset the CNL into the Search State. CNL entities shall have access to the parameters

itialize

specified in Table 17.

Table 17 — Initialization parameters

Name Type Valid range Description
Own UID Unique 64 bit ID Any valid UID Own entity UID
Max MUXTTount | Integer OXOT, OX02 Other values prohibited
Li€CC Version Integer 0x01 Other values prohibited
10.2.1.1 |CNL_INIT.request

This primi

CNL
|

)

ive issues a request to initialize the CNL. The semantics of this primitive is as follows:

INIT.request (
hitialization Parameters

10.2.2 Cjose
This servige is used to close the CNL.
10.2.2.1 |CNL_CLOSE.request
This primifive issues a request to close the CNL. The semantics of this primitive is as follows:
CNL _|CLOSE.request (
)
10.2.3 Cpnnect and accept
This service supports the target entity connect and accept process. CNL entities shall have access to the
parametefs specified in Table 18.
Table 18 — Connect and accept parameters
Name Type Valid range Description

Tgrget UID Unique 64 bit ID | Any valid UID Connection target entity UID.

CNLUser CNIL User Qpnr\ifinrl Parameter

Parameter
22 © ISO/IEC 2013 — All rights reserved
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10.2.3.1 CNL_CONNECT.request

This primitive is used to request a connection with a Target Entity. The semantics of this primitive is as
follows.

CNL_CONNECT.request (
[Target UID/Paging UID]
CNL User Parameter

)

10.2.3.2 CNL_CONNECT.indication
THis primitive is used to indicate a received C-Req. The semantics of this primitive is as follows.

CNL_CONNECT.indication (
Target UID
CNL User Parameter

)

10.2.3.3 CNL_ACCEPT.request

THis primitive is used to accept a connection with a Target Entity. TheSemantics of this primitive is gs follows.

CNL_ACCEPT.request (
Target UID

CNL User Parameter

)
10.2.3.4 CNL_ACCEPT.indication
THis primitive is used to indicate a received G=Acc. The semantics of this primitive is as follows.

CNL_ACCEPT.indication (
Target UID
CNL User Parameter

)
10.2.3.5 CNL_ACCEPT:response

THis primitive is usedsto indicate a response to a CNL_ACCEPT.indication. The semantics of this primitive is
as|follows.

CNL_ACCEPT.response (
Target UID
)

10.2.3.6 CNL_ACCEPT.confirmation

This primitive is used to inform the originating CNL User of a successful connection. The semantics of this
primitive is as follows.

CNL_ACCEPT.confirmation (
Target UID
)
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10.2.4 Connection release

This service is used to release the connection with the target entity. CNL entities shall have access to the

parameters specified in Table 19.

Table 19 — Connection release parameters

T _Accept Timeout,
T_Retry Timeout,

Reason Code

Name Type Valid range Description
Reason Code | Enumeration This parameter is available for use by
the CNL User
Reglease Enumeration | CNL, CNL User Indicates the origin of the connection
Cause Origin release event.
R¢lease Enumeration | T_Connect Indicates the cause for the conngection
Cquse Code Timeout, release to CNL User.

If the CNL detects a timeout’event, then
it indicates T_Connect Timeout,
T_Accept Timeout or T Retry Timeout
as a Release Cause’Code.

If the CNL re€eives a C-Rls, then it
indicates thel Reason Code which is
specified’by/the target CNL User as a
Release Cause Code.

10.2.4.1 |CNL_RELEASE.request

This primifive is used to release a connection. The semantics of this primitive is as follows.

CNL_|RELEASE.request (

Regson Code [to be specified by CNL/User]

)

This Readon Code is used to indicatée the reason to release the connection to the target entity.

This Reagon Code is transmitted_ to the target entity by a C-Rls.

10.2.4.2 |CNL_RELEASE:indication

This primitive is used\to indicate the reception of a C-RIs or a timeout. The semantics of this primitive is

follows.

CNL_|RELEASE.indication (

Release-Cause QOriginICNL-Origin-CNL User Origin]
J L 7 7 g 17

Release Cause Code [T_Connect Timeout, T_Accept Timeout, T_Retry Timeout, Reason Code (to be

specified by target CNL User)]
)

In case the release is caused by a timeout event:

Release Cause Origin = CNL Origin

Release Cause Code = T_Connect Timeout, T_Accept Timeout or T_Retry Timeout

24
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In case the release is caused by a C-RlIs:
Release Cause Origin = CNL User Origin

Release Cause Code = Reason Code (to be specified by target CNL User)
10.2.5 Power save

This service is used to enter and exit the power save mode. CNL entities shall have access to the parameters
specified in Table 20.

Table 20 — Power save parameters

Name Type Valid range Description

T_KeepAlive Integer Max 1's This value is used toy\ Mmonitor the [idle
time of the physical medium while [two
entities are in a connected state.
If the T_KeepAlive timer exceeds this

value, then-C-Probe is transmitted to
confirm the availability of the connectjon.

Dormant period | Integer 1to 200 Indicates the dormant periods during the
F-ocal Hibernate sub-state. Refer to
Table 35.

Awake period Integer 0 to 255 Indicates the awake periods during the
Local Hibernate sub-state. Refer to
Table 35.

THese parameters impact the timing behaviour as specified in clause 10.5.9.2.

10.2.5.1 CNL_POWERSAVE.request

THis primitive is used to change the local Entity to the Local Hibernate sub-state. The semant|cs of this
primitive is as follows.

CNL_POWERSAYE:request (
T_KeepAlive
Dormant{period
Awake period

)

10.2.5:2y CNL_POWERSAVE.indication

This primrive TS USeq 10 Thalcate the Tecepton o a U-SIeep. The Semantcs Of NS Primitive 1S as ToIIoOwS.

CNL_POWERSAVE.indication (
Dormant period
Awake period

)
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10.2.5.3 CNL_POWERSAVE.confirmation
This primitive is used to inform the originating CNL User of a successful C-Sleep transmission.

CNL_POWERSAVE.confirmation (
)

10.2.5.4 CNL_WAKE.request
This primitive is used to change the local Entity from the Local Hibernate sub-state to the Connected sub-

state. This primitive is also used to change the target to the Connected sub-state. The semantics of, this
primitive i$ as follows.

CNL_WAKE.request (
)

10.2.5.5 |CNL_WAKE.indication
This primifive is used to indicate the reception of a C-Wake. The semantics of this primitive is as follows.

CNL_|WAKE.indication (
)

10.2.5.6 |CNL_WAKE.confirmation
This primitive is used to change the local Entity from the Target Sleep sub-state to the Connected sub-state.
This primifive is used to inform the originating CNL User of a successful C-Wake transmission. The semant|cs

of this prirpitive is as follows.

CNL_WAKE.confirmation (
)

10.2.6 Data transfer

This service is used to transfer user data: CNL entities shall have access to the parameters specified
Table 21.

n

Table 21 — Data transfer parameters

Name Type Valid range Description

CSDU Profile ID Integer 0N These Profile ID values are available for
use by the CNL User and therefore out of
scope from this specification.

Paylgad-Length | Integer Specifies the number of bytes of Data

D Il <l
rayiuau.

Data Payload Octet string Specifies the data passing the CNL SAP
before transmission or after reception.
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10.2.6.1 CNL_DATA.request

This primitive is used to initiate the transfer of user data from one entity CNL to another peer CNL. The
semantics of this primitive is as follows.

CNL_DATA.request (
CSDU Profile ID [0/1]
Payload Length
Data Payload

)

10.2.6.2 CNL_DATA.indication

THis primitive is used to inform the CNL User of a successful reception. The semantics of this.primitiye is:

CNL_DATA.Indication (
CSDU Profile ID [0/1]
Payload Length
Data Payload

)
10.3 CPDU formats

10.3.1 Conventions

Every CNL protocol data unit (CPDU) shall be transmitted<te’the PHY layer starting from b7 (MSB) pf Byte 00
through b0 (LSB), then from b7 (MSB) of Byte 01 through’b0 (LSB), and so on as illustrated in Figur¢ 18.

Rgserved fields should be set to 0 upon transmission. And reserved fields shall be ignored upon reception.

b7‘b6‘b5‘b4‘b3‘b2‘b1‘b0

Byte00 Rx UID[63:56]
Byte 01 Rx UID[55:48]
Rx UID[7:0] B

Tx UID[63:56]

Tx UID[7:0]

Rsv.[7:0]

MUXx[7:0j

HCS[31:24]

B FCS[7:0] /l/

Figure 18 — Conventions

© ISO/IEC 2013 — All rights reserved 27


https://standardsiso.com/api/?name=452f46fd218810bb5b7e59f1ae5e9124

ISO/IEC 17568:2013(E)

10.3.2 Acknowledgement (ACK) CPDU

The ACK CPDU format is specified in Figure 19 and Table 22 below.

28

|¢——Common CNL Header—————»,

««——Sub CNL Header———————»

Rx UID Tx UID HCs

Rsv. MUX
0x00 0x00

Attribute

SeqNum Rsv. HCS

«—3Byte >« _8Byte _»<1Byte >« 1Byte >4 4Byte b4 _1Byte >« _1Byte »<2Byte >« 4Byte».

A

22Byte e

I

Reserved Frame type

Seq

SV.
0 | FBT | 000
Sync

10

FBT: Frame Body Type

«1 Bith«1 Bith«1 Bith- ——3 Bits———p4—2 Bits—p|

8Byte———————————»

Figure 19 — ACK CPDU
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Table 22 — ACK CPDU

Header Field Description
Common Rx UID This field indicates the UID of the destination entity of the CNL
frame. A 64-bit UID is used.
The value of the Tx UID field of the last received data frame or
management frame shall be copied to the Rx UID field of the
ACK frame.
Tx UID This field indicates the UID of the source entity of the CNL
This field shall be set to the sending entity’'s Own UID.
Rsv. This field is reserved.
MUX This field indicates the number of multiplexing of the, Frame
Body.
This field shall be set to 0.
HCS This field holds the 32-bit ECS that is calculated over the 18
bytes from Rx UID to MUX of the commonCNL header.
Refer to 10.3.2.1
Sub Attribute Bit [7]: Sequence Number Synchronijzation
This bit shall be set to A only for the ACK response
of the first data Ffame Body with the Sequence
Number Synchronization bit set to 1, and shall be
set to 0 in other.cases of an ACK response.
Refer to 10.4.3.2.
Bit [6]: Reserved
This kit shall be set to 0.
Bit [5]: Frame~Body type
This bit shall be set to 0 in case of an ACK for data
CPDU, and shall be set to 1 in case of an ACK for
Management CPDU.
Bits [4:2]: Reserved
These bits shall be set to 0.
Bits [1:0]: Frame type
This field shall be set to 2.
See Table 23 for more details.
SegNum | This field indicates a sequence number that the CNL uniquely
assigns for Frame Body management.
Refer to 10.4.3.
Rsv. This field is reserved.
HCS This field holds the 32-bit ECS that is calculated over the 4

bytes from Attribute to Rsv of the Sub CNL Header.

Refer to 10.3.2.1.

The Paging UID is OxFF:FF:FF:FF:FF:FF:FF:FF.

Other values for the frame type field are specified in Table 23 as follows.

© ISO/IEC 2013 — All rights reserved

29


https://standardsiso.com/api/?name=452f46fd218810bb5b7e59f1ae5e9124

ISO/IEC 17568:2013(E)

Table 23 — Frame type field encoding

Value Frame type
0 Reserved
1 Data/Management frame
2 Acknowledge frame
3 Reserved

10.3.2.1 |HCS
This field holds the 32-bit ECS.

Figure 20 jand Equation (6) specify the 32-bit ECS.

/32
/
Input byte sequence Output byte sequence
~ b ~| =~
R s|s|s 32-bit ECS qt[31:0] SAHRE g SIS
5 E’ E’ E' Ine[7:0] calculation \AO &= ARIARSE E' E- E
3 £|g| g SEHEEE £|£|s
/8 A t
t=N}1 t=2 t=0 7 t=N+3 t=N t=N-1 t=2 =0

Figure 20 — 32-bit'ECS generator

32-bit EC$ calculation

qo[31:0]=0x FF,FF,FF,FF

Ing[7:0] is the 1% byte in the ECS tafget field to be sent.

“N” denotess the XOR (exclusiveOR) operator in Equation (6).
Qi1 [31]=|ac [23] * ¢ [29) 2, [5] *qr [24] * In [0] * q; [30] * Iny [6];
A1 [30] =|ac [22] *.¢; [28] * In [4] * q¢ [29] * In¢ [3];

Qi1 [29] =|a [21X7 q [27] * Inc [3] " q¢ [28] ™ Ing [4] * q¢ [31] * Ine [7] * ¢ [25] * In¢ [1];

Q1 [28] = Qi T20T ™ i [28] ™ T [2T ™ G 27 ™ TN [3] ™ 0 [30] "¢ T8 ™ 0 TZ4T ™ Tn, [OT;
Q1 [27] = e [19] * q; [25] * Ing [1] * ¢ [26] * In¢ [2] * q; [29] * In, [S];

Qi+1 [26] = 0 [18] * q; [24] * In¢ [0] ¢ [25] ™ In¢ [1] * q; [28] * In, [4];

Qi1 [25] = i [17] % g [24] * Ing [0] * q¢ [27] ™ In¢ [3];

Qi+1 [24] = i [16] * q; [26] * Ing [2];
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Q1 [23] = qi [15] * ¢ [26] * Iy [2] * q¢ [27] * In¢ [3] * 0 [31] * Ing [7];
Qw1 [22] = g [14] * ¢ [25] * Ing [1] * q; [26] * In¢ [2] * 0 [30] * In [6];
Qe [21] = q¢ [13] * qt [24] * Ing [0] * q¢ [25] * In¢ [1] * 0 [29] * In [5];
Qe [20] = q¢ [12] * ¢ [24] * Inc [0] * q; [28] * Iy [4];

Qe [19] = g [11] * qe [27] * Ing [3];

Qe (T8I =ar T 101" T {281t {21,

Auft [171=ac [9] * ¢ [31] * In¢ [7];

—

Qufs [16] = 0 [8] * ¢ [30] * In¢ [6] * q¢ [31] * In [7] * ¢ [25] * In¢ [1];

—

Auft [15] = e [7] " q¢ [27] * In¢ [3] * q; [28] * In [4] * 0 [30] * In¢ [6] * q¢ [31] * Iny [7];

—

Qufr [14] = : [6] * ¢ [26] " In¢ [2] * q; [27] * In¢ [3] * 0 [29] * In [5] * g [30] 1, [6];

—

uft [13] = ac [5] * qt [26] " In¢ [2] * q; [28] * In [4] * 0t [29] * In¢ [5] * @@ {31] * In, [7];

Aui [12] = q; [4] * q¢ [27] * In¢ [3] * q; [28] * In; [4] * q¢ [30] * Ing [6K" q¢ [31] * In¢ [7];

-

?1T (1] =a: [3] * a: [26] * In¢ [2] * ¢ [27] * In¢ [3] * q; [29).7 I [5] * 0 [30] * In¢ [6] * ¢ [31] * In¢ [7] * ¢ [25] * Iy

?651 [10] = q: [2] * q: [25] * In¢ [1] * q¢ [26] * In¢ [2]} 27q; [28] ™ Ing [4] * 0 [29] * In¢ [5] ™ ¢ [30] * In¢ [6] * i [24] * Iy

Aui [91=a: [1] * q; [24] * In [0] * 0 [25] e 1] * q; [27] * In¢ [3] * 0t [28] * Iny [4] * q; [29] * Iy [S];

-

Qufs [8] = ¢ [0] * q; [24] * In¢ [0] * o [28F" In¢ [2] * q¢ [27] * Ing [3] * 0 [28] * Iy [4];

Audt [71=a¢ [25] * Ing [1] A Gy [31] ~ In [7];

—

Audt [6] = 0 [30] * In{{6] " qe [24] * Ine [0] * 0 [31]  Ing [7] * @ [25] * In [1];

Quft [5] = at [29hIn¢ [5] * q¢ [30] * In [6] " ¢ [24] ™ In¢ [0] * q¢ [31] * In [7] * q¢ [25] * In¢ [1];

—

Qudt [4] .Gx[28] " In [4] * q¢ [29] * In¢ [5] * 0 [30] * In, [6] * g [24] * In [O];

—

Qe 18] = i [27] " Ini [3] * q; [28] * Iny [4] * ¢ [29] " In, [5] * q¢ [31] * In [7] * 0t [25] ™ Iny [1];

Q1 [2] = ¢ [26] A Ing [2] * q¢ [27] A Ing [3] * q; [28] » In [4] * q; [30] » In [6] * q; [24] * In [O] * q; [B1] * In [7] * q;
[25] M Ing [1];

et [1]=0: [25] * Ing [1] * q¢ [26] * In¢ [2] * 0 [27] * Ing [3] * ¢ [29] * In¢ [5] * 0 [30] ™ In; [6] ™ ¢ [24] * In¢ [O];
Qi1 [0] = 0: [24] * In [0] * q¢ [26] * In¢ [2] * 0 [28] " In; [4] * q¢ [29] * In¢ [5] * 0 [31] ™ In¢ [7]; (6)

See Annex E for examples of 32-bit ECS data values.
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10.3.3 CNL data CPDUs

These are the CPDUs used for the CNL data transfer service. A data CPDU shall contain one or two Frame
Bodies. Each Frame Body shall contain a single CSDU, or a portion of a CSDU (called a CSDU segment).
CSDUs shall be sent in the order received from the CNL User.

The Single Data CPDU format is specified in Figure 21.

'«———— Common CNL Header—————— w4 Sub CNL Header————————p|

Rsv. MUX Frame Body
Rx UID Tx UID . HCS Attribute | SeqNum Length HCS (CSDU or FCS
0x00 0x01
CSDU segment)

[4«—8Byte—»«4—8Byte—p«1Byte »-«1Byte b4 4Byte b 4—1Byte—»4—1Byte—p4—2Byte—»4-4Byte »4—11 4096Byte—p4-4Bytep

l«————22Byte >4 8Byte »
ACK FBT Rsv.
Frame type
Seq
0 0 0 PID MS o1 Length
Sync
41 Bitp-41 Bitp«1 Bith-«1 Bith- 41 Bith-«1 Bith-4—2 Bits—p; ¢——16 Bits——<—p!

FBT: Frame Body Type
PID: CSDU Profile ID
MS: More Segment

Figure 21 — Single Data,CPDU

The MultitData CPDU format is specified in Figure 22(iThis format uses a blocking mechanism to cafry
multiple Frame Bodies in a single CPDU.

[ Common CNL Header- -+ Sub CNL Header (#0)————| 44— Sub CNL Header (#1)——»
Rsv. | mMux Attribute | SeqNum | Length | Hes | FrameBodv#0 | pos | atribute | SeqNum | Length | Hes | FrameBody#1 | g
Rx UID xup | & Hes (CSDU or (CSDU or
x00 0x02 (#0) (#0) (#0) (#0) CSDU Segment) (#0) (#1) (#) (#1) (#1) CSDU Segment) (#1)

|«—8Byte—»«—pBByte—p«1Byte»«-1Byte-p«-4Byte-br4—1Byte—p 4 1Byte-»«—2Byte—p«4Byte - 4—11 4096Byte—p«-4Byte- p4—1Byte—p4—1Byte—«—2Byte—p«4Byte b¢—11 4096Byte—»44Byte-p-

< 22Byi < 8B » < 8B »
Y Y Yy

-

IACK
FBT Rsv. Frame type
Sse:c 0 | 0 | 0 | PID | MS | 01 Length #0 Length #1
1 Bit»-41 Bith-«41 Bitp-41 Bitp- 41 Bitr 41 Bith-4—2 Bits—p 4—16 Bits———p [4¢———16 Bits————p

FBT:‘Frame Body Type
RID: CSDU Profile ID
MS: More Segment

Figure 22 — Multi-Data CPDU

Table 24, Table 25, Table 26, Table 27, and Table 28 specify the header fields in the Data CPDU.
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Table 24 —Data CPDU Header Fields

Header Field Description
Common Rx UID This field indicates the UID of the destination entity of the CNL
frame. A 64-bit UID is used.

This field shall not be set to the Paging UID.

Tx UID This field indicates the UID of the source entity of the CNL
frame. A 64-bit UID is used. This field shall be set to the
sending entity’'s Own UID.

Rsvy This field is reserved
MUX This field indicates the number of multiplexing of the Frame
Body.

This field shall be set to 1 for Single Data CPDUs and.2 for

Multi-Data CPDUs.
HCS This field holds the 32-bit ECS that is calculated'based on the
18 bytes from Rx UID to MUX of the Common_CNL Header.

Refer to 10.3.2.1
Sub Attribute Bit [7]: Sequence Number Synchronization
This bit shall be set to 1 only for the first data Frame
Body, and shall be set to:0 in other cases.
Refer to 10.4.3.2.
Bit [6]: ACK type
This field shall:be'set to 0.
See Table 25for more details.
Bit [5]: Frame Body-type
This field shall be set to 0.
Table 26 lists the frame type values and descriptions
Bit [4]: Reserved
This bit shall be set to 0.
Bit.{3]: CSDU Profile ID
The CSDU Profile ID bit shall be set to 0 if the CSDU
includes Profile ID 0. Otherwise this bit shall be set to
1.
Bit [2]: More Segment
The More Segment bit shall be set to 0 if the current
segment is the sole final segment of the current
CSDU. Otherwise this bit shall be set to 1. See
10.4.1.
Bits [1:0]: Frame type
This field shall be set to 1.
Table 23 lists the frame type values and descriptions.
SegNum | This field indicates a sequence number that the CNL uniquely
assigns for Frame Body management. Refer to 10.4.3.
Length This field indicates the Frame Body length (FCS not included).
The unit is the byte.

HCS This field holds the 32-bit ECS that is calculated over the 4
bytes from Attribute to Length.

Refer to 10.3.2.1.
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Table 25 — ACK type field encoding

Value ACK type
0 Immediate ACK
1 No ACK

Table 26 — Frame Body type field encoding

Value Frame Body type
0 Data frame (CSDU)
1 Management frame (Link Control message)

Table 27 — CSDU Profile ID

CSDU Profile Description ¢ NS
ID value
o
0 CSDU Profile ID 0
1 CSDU Profile ID 1

Table 28 — More:Segment

More segment B Description
«O
0 Final segment
1 More_segments

10.3.3.1.1] Frame Body field
The Framg Body is of variable\ength (1 to 4096 bytes).
The FCS field holds the. 32-bit ECS that is calculated over the Frame Body.

Refer to 10.3.2.1-

10.3.4 M|anagement CPDUs (Link control message)

These CPDUs are used for the connection establishment and release of connection, and other control
purposes.

The management CPDU format is specified in Figure 23 and Table 29 below.

The length of the Frame Body of the management CPDU is fixed to 32 bytes.
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«———Common CNL Header———»4———————— Sub CNL Header————p~

Rsv. MUX

Rx UID Tx UID 0x00 0x01

HCS Attribute | SeqNum Length HCS Frame Body FCS

4— 8Byte—»><¢—8Byte— >« 1Byte >« 1Byte > ¢ 4Byte > ¢~ 1Byte > < 1Byte—» ¢ 2Byte >« 4Byte »4——32Byte— P> < 4Byte»

< 22Byte >« 8Byte >
——— Frame
Body
Type Reserved Frame type Length
Seq | ACK
Sync | type 1 000 01 0x0020
41 Bit><1 Bijt 41 Bits «— 3 Bits——»<4—2 Bits—»| —16 Bits———»

Figure 23 — Management CPDU (Link Control Message)

Table 29 — Management CPDU

Header Field Description

Common Rx UID This field indicates the \WID of the destination entity. A 64-bit
UID is used.

Refer to Table 30;

Tx UID This field indicates the UID of the source entity. A 64-bit UID is
used.

This field'shall be set to the sending entity’s Own UID.

Rsv. Thisfield is reserved.
MUX This field indicates the number of multiplexing of the Frame
Body.

This field shall be set to 1.

HCS This field holds the 32-bit ECS that is calculated over the 18
bytes from Rx UID to MUX of the Common CNL Header.

Refer to 10.3.2.1.

Sub Attribute Bit [7] : Reserved
Bit [6] : ACK type

Bit [5] : Frame Body type
This field shall be set to 1.
See Table 26 for more details.
Bits[4:2] : Reserved

This bit shall be set to 0.
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Bits [1:0]: Frame type
This field shall be set to 1.

See Table 23 for more details.

SegNum | This field indicates a sequence number that the CNL uniquely
assigns for Frame Body management. Refer to 10.4.3.
Length This field indicates the Frame Body length (FCS not included).
The unit is the byte. This field shall be set to 32.
HCS This field holds the 32-bit ECS that is calculated using the 4

bytes from Attribute to Length of the Sub CNL Header. Refer to

10.3.2.1.

The relatiq

nship between LiCC Type, ACK type and Rx UID is specified below in Table/30.

Table 30 — Frame Body contents, ACK type and allowable Rx, UID type

The Fram

Frame Body contents LiCC Type | ACK type value /@wable Rx UID type
Connection request (C-Req) 0x01 1 (NoACK) Any UID (including
Paging UID)
Connection accept (C-Acc) 0x02 0 (ImACK) Any UID except the
Paging UID
Connection release (C-RIs) 0x03 1 (NoACK) Any UID except the
Paging UID
Connection sleep (C-Sleep) 0x08 0 (ImACK) Any UID except the
Paging UID
Connection wake (C-Wake) 0x09 0 (ImACK) Any UID except the
Paging UID
Connection probe (C¢éProbe) | Ox0A 0 (ImACK) Any UID except the
Paging UID

36

e Body ofthe management CPDU is specified in Figure 24 below.

© ISO/IEC 2013 — All rights reserved



https://standardsiso.com/api/?name=452f46fd218810bb5b7e59f1ae5e9124

ISO/IEC 17568:2013(E)

4 N
Bit 7 Bit 0
Byte 00 LiCC Version
Byte 01 Licc 4 Byte
Byte 02 Reserved
Byte 03 Reserved
Byte 04 32 Byte
Own-UHD- 8 Byte
Byte 11
Byte 12
LiCC Information 20Byte
Byte 31 J/
- 4

Figure 24 — Management Frame Body components

THe Frame Body of each management CPDU is described below.

10.3.4.1 Connection request Frame Body

THe message content of the connection request Frame Body.is specified in Table 31 below.

Table 31 — Connection request Frame Body components

Component name Value Description
LiCC Version 0x04 Link control command version
LiCC 0x01 Connection request
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID [62]

[Byte 04,Bit 0]: Own UID [56]
[Byte-05-Bit-7}-Own-UID-[55]
L ’ . 1

[Byte 11,Bit 0]: Own UID [0]

LiCC Information

For CNL User Parameter field.

Refer to 10.2.3.1.
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10.3.4.2 Connection accept Frame Body

The message content of the connection accept Frame Body is specified Table 32 below.

10.3.4.3

The mess

Table 32 — Connection accept Frame Body components

Component name Value Description
LiCC Version 0x01 Link control command version
HEG 0x02 Connectionaceept
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID.J62]

[Byte 04,Bit 0] Owh UID [56]
[Byte 05,Bib 7}’ Own UID [55]

[Byté’11,Bit 0]: Own UID [0]

LiCC Information

For CNL User Parameter field.
Refer to 10.2.3.3.

Connection release Frame Body

pge content of the connectionirelease Frame Body is specified in Table 33 below.

38
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Table 33 — Connection release Frame Body components

Component name Value Description
LiCC Version 0x01 Link control command version
LiCC 0x03 Connection release
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID [62]

[Byte 04,Bit 0]: Own, UID [56]
[Byte 05,Bit 7];(Own UID [55]

[Byte-14,Bit 0]: Own UID [0]

LiCC Information For"CNL User Reason code field.

Refer to 10.2.4.1.

10.3.4.4 Connection sleep Frame Body

THe message content of the connection sleep Frame Body is specified in Table 34 and Table 35 belpw.
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Table 34 — Connection sleep Frame Body components

Component name Value Description
LiCC Version 0x01 Link control command version
LiCC 0x08 Connection sleep
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID [62]

[Byte 04,Bit 0]: Own UID [56]
[Byte 05,Bit 7]: Own UID [55]

[Byte 11,Bit 0]:Own UID [0]

LiCC Information Byte 12 10 29 are reserved.
Byte 307 Dormant period
Byte 31: Awake period

Table 35 — Dormant & awake duration

Parameter name Value Description

Dormant period 1to 200\~ | This field indicates the dormant period during the
Local Hibernate sub-state.

The unit is 5 ms.

0 and 201 to 255 are reserved.

Awake pefiod 0to 255 | This field indicates the awake period during the
Local Hibernate sub-state.

The unit is 100 ps.

O is interpreted as 256.

These parameters are processed at the receiver.
The hibernation should be made in the range of the following conditions.
In actual operation “Awake period” of the Local Hibernate sub-state may be more than the received “Awake

period” and the “Dormant period” of the Local Hibernate sub-state may be less than the received “Dormant
period”.
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10.3.4.5 Connection wake Frame Body

The message content of the connection wake Frame Body is specified in Table 36 below.

Table 36 — Connection wake Frame Body contents

Component name Value Description
LiCC Version 0x01 Link control command version
HEG 069 Connection-wake
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID [62]

[Byte 04,Bit 0]: Own UID [56]
[Byte 05,Bit 7]: Own UID [55]

[Byte 11,Bit 0]: Own UID [0]

LiCC Information Reserved

10.3.4.6 Connection probe Frame Body

THe message content of the connection probe Frame Body is specified in Table 37 below.
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Table 37 — Connection probe Frame Body contents

10.4 CN

10.4.1 Segmenting/Reassembling

When thdq
segmentin
contains 3

Component name Value Description
LiCC Version 0x01 Link control command version
LiCC 0x0A Connection probe
Reserved 0x00 Reserved
Reserved 0x00 Reserved
Own UID Own UID

[Byte 04,Bit 7]: Own UID [63]
[Byte 04,Bit 6]: Own UID [62]

[Byte 04,Bit 0]: Own UID [56]
[Byte 05,Bit 7]: Own UID [55]

[Byte 11,Bit 0]:Own UID [0]

LiCC Information

Reserved

| function description

CSDU is larger than 4096 Bytes,(the CNL shall perform segmenting and reassembling.
g, the CNL shall map a single C8SDUY into multiple Frame Bodies. In this case, each Frame Bg
CSDU segment. A CSDU segment is only a subset of the original CSDU. The CNL shall se

these Frame Bodies using Single Data €PDUs or Multi-Data CPDUs.

The More
0 in the fi
transmiss

The proce
reassemb

The makxir

on.

An exam

Segment field shall be set-to 1 if another segment of the current CSDU is to follow. It shall be sef]
hal segment of a segmented frame or in a non-segmented frame. Segmenting is performed up

ss of recombining CSDU segments into CSDUs is called reassembling. The CNL shall perfo
ing before. delivering received CSDUs to the CNL User.
nhum, size of the CSDU is out of scope of this specification.

le of the segmented CSDU js illustrated in Figure 25

In
dy
nd

—

(0]

m
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CsSDU
CNL User ——— e |
I 0 4095 4096 8191 8192 m
Less than
4096 Byte 4096 Byte
Connection Layer 4 v 4096 Byte
4095 4096 8191 8192 m
Frame Frame Frame
Common | sub oNL Body Sub CNL Body Common | g oNL Body
O | Mcador | (CSDU | FOS | dager | (cSDU | FOS || ONL | | (cspu | FOS Fs
Header Segment) Segment) Header Segment)

Segment 0

4

4

Segment 1 i / Segment 2
o
| E—

More Segment

More Segment More Segment

Figure 25 — Segmenting/Reassembling

10.4.2 Medium state sensing

THe Sync pattern detection and PHY Header information provided by the PHY layer are used

CO

Du

lisions on the radio medium.

he Sync pattern and/or PHY Header is detected, then the CNL shall judge the medium state by
period of that frame indicated by the PHY Header. Otherwise theé CNL shall judge the medium
ring the medium busy period, any attempt to transmit a signab shall be held.

10.4.3 CNL-Level acknowledgements

Pa

10

Th
fra

sitive acknowledgement is used. For details, see below.

.4.3.1 Recovery procedures and retransmit limits
e CNL defines the two acknowledgement type attributes as specified in Table 38 with relatig

mes and management frames. Errotirecovery and retransmission by the CNL shall be applicabhle only to
thpse data frames and management frames to which the ImMACK attribute is assigned.

Table 38 — Acknowledgement type

ACK Type Description
ImACK Requires an ACK as a response.
NoACK Does not require an ACK as response

This type is used only for some of the
management frames. Refer to Table 30.

This type shall naot be applipd to a data frame

0 prevent

sy for the

state idle.

n to data

The entity shall have at most one unacknowledged CPDU outstanding.

If an error occurs while a data frame or management frame assigned with the IMACK attribute is exchanged,
the entity that transmitted the data frame or management frame shall attempt to recover it from the error by
retransmitting the frame. Retransmission in the CNL shall be repeated until the current frame is successfully
acknowledged or until T_Resend or T_Retry timers expire for data or management frames respectively.

© ISO/IEC 2013 — All rights reserved
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10.4.3.2 ACK procedure

If a CPDU is received and conditions 1 and 2 are satisfied, an ACK response shall be returned.
Condition 1 (Common CNL header part):

- The HCS is correct;

- the RxUID is the same as the receiving entity’'s Own UID; and

- the TYUtD s thesame as the Target Oib-
Condition |2 (Sub CNL Header part):
- The HCS is correct;

the ACK type in the attribute field is the ImACK;

- the Freme Body type in the attribute field is Data frame or Management frame; and
- the frame type in the attribute field is Data/Management frame.
ACK SeqNum response for Data frames:

The ACK SegNum shall be the SeqNum of the last Frame Body with ‘eorrect FCS of a Data frame which was
received in sequence.

The case pf a Multi-Data CPDU received in sequence with noxerror is illustrated in Figure 26.

. M
A B

| |
[ Last SeqgNum received: #n-1 ]

—Multi-Data CPDU [#n,#n+1]

l———ACK [#n+1]

[Sequence number]
(. /

Figure 26 — ACK frame response for a Multi Data CPDU

Figure 27 fillustrates several cases of data CPDUs received with incorrect FCS.
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[ Last SeqNum received: #n-2 )

——Single Data CPDU [#n-1]

&——ACK [#n-1]

—Single Data CPDU [#n]
b #n-fail
( 4—  ACK [#n-1]

——Single Data CPDU [#n]

— ACK [#n]
~Multi-Data CPDU [#n+1,#n+2]

#n+1:success
44— ACK [#n+1] #n+2-Fail

——Single Data CPDU [#n+2]

l&——ACK [#in+2]

[Sequence’number] )

Figure 27 — ACK frame responsewith FCS error

After the connection establishment, each transmitting entity“shall transmit the first data Frame Body with the
Sgquence Number Synchronization bit of the Sub CNK’Header set to 1. If the first data Frame [Body with
SgqNum #n is received with a correct FCS, then the ACK shall be returned with SeqNum #n. If the first data
Frame Body with SeqNum #n has a failed FCS, then the ACK shall be returned with SeqNum #n11. In both
cases, the Sequence Number Synchronization bitof this ACK shall be set to 1.

ACK SeqNum response with FCS error. for the Management frame:

If fhe FCS of the received Management frame is not valid, then the SeqNum of the ACK shall be agsigned as
thé SeqNum of the received Management frame decremented by 1.

10.4.3.3 ACK timeout

THe entity that transmitted the data frame or management frame shall judge that the transmission of| the frame
has failed if it does-not detect an ACK within a specified time (ACK Timeout, i.e. SIFS + preamble + sync
pdriod).

THe transmitting entity shall process the re-transmission when the preamble cannot be detected within ACK
timeout fram the end of the frame that transmitted the immediate previous frame.

In the case of a data frame, the re-transmission due to ACK Timeout is specified in Figure 28 below.
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4 N
Data (CSDU) |—;rs t Pre iS| PH ACK
k— ACK Timeout IIFS
Initiator Pre |S| PH Data(CSDU)
RIFS
Responder Pre |S| PH Data(CSDU)
Pre-Preambte;,—S:Sync, PHPHY-Header
- s
Figure 28 — Data frame ACK timeout & retransmission
In the casg of a management frame except C-Acc, the re-transmission due to the ACK timeout’is specified|in
Figure 29 |below.
. M
Management (LiCM, ACK
g (LW I siFs
k— ACK Timeout IIFS
nitiator Pre |S| PH Management (LiCM)
RIFS
Responder Pre |S| PH Management (LiCM)
L Pre:Preamble, S:Sync, PH:PHY Header
Figure 29 — Management frame (except C-Acc) ACK timeout & retransmission
In the casg of C-Acc, the re-transmission due_to the ACK timeout is specified in Figure 30 below.
4
Management (C-Acc) ACK
" ACK Timeout —x SIFS + 2*Thst > kandom
Backoff Management
Pre |S| PH
(C-Acc)
L Pre:Preamble, S:Sync, PH:PHY Header
Figure 30 — C-Acc ACK timeout & retransmission

10.4.3.4 Sequence number

The sequence number shall be generated by the transmitting entity.

Sequence numbers are managed independently based on the combination of the Frame Body type and ACK
type as specified in Table 39.

46
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Table 39 — Frame Body type, ACK type and SeqNum generation

Frame Body ACK type | Allowable number SegNum Generation scheme
type

Data ImACK 0 to 255 An incrementing sequence of integers.

The next value after 255 is 0.

Management ImACK 0to 255 The SegNum shall be different from

SegNum in the immediate previous frame that

the

TH
TH
TH
TH
Di

co
frg

10

Th
frd

Du

W

refurn an ACK response ‘even if a duplicate frame is detected as illustrated in Figure 31.

was acknowledged.

NoACK 0 to 255 The SegNum shall be different,from
SegNum in the immediate previous frame
was transmitted.

the
that

e sequence number of the data frame:

e receiving entity shall use SeqNum to detect duplicate or out of sequence frames.

e sequence number of the management frame:

e receiving entity shall use the SeqNum field value to detect duplicate management frames.
scontinuous detection is not applicable to the management frame, because the managemen

mpleted with one frame. Also the Sequence Numbér ‘Synchronization bit shall be set to 0 for mg
mes.

.4.3.5 Duplicate CPDU detection and recovery

e CNL re-transmission function may.€ause the receiving entity to receive duplicate frames. Such
mes shall be detected and discarded by the receiving entity.

plicate frames are detected.dsing sequence numbers uniquely assigned by the CNL.

hen a frame assigned-with the IMACK attribute is received without any errors, the receiving 6

4 N
A B

| |
[ Last SeqNum received: #n-2 ]

—Single Data CPDU [#n-1]

[ frame is
nagement

duplicate

ntity shall

©lI

Pl ACK. [#n 4}
——Single Data CPDU [#n]

D& ACK [#n]

——Single Data CPDU [#n]
Duplication detect

l\&——ACK [#n]

[Sequence number]

Figure 31 — Duplicate CPDU detection
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10.4.3.6 Discontinuous detection

Discontinuous detection is applicable only to data frames.

The receiving entity shall be responsible for detecting the discontinuity of sequence numbers. Frames with

discontinuous sequence numbers shall be discarded.

If discontinuous sequence number is detected, the release process shall be performed as specified in

10.5.9.1.

10.4.4 Interframe space (IFS)

The follow

ing three types of IFS are specified:

1. SIFS $§hort interframe space used for an ACK response.
2. 1IFS Initiator interframe space used when the initiator transmits a frame.
3. RIFS Responder interframe space used when the responder transmits a frame.
The initiatpr is an entity that initiates a C-Req. The responder responds to the C-Req from the initiator.
The interffame space parameters are illustrated below in Figure 32 and spécified in Table 40.
\\ — k—— Slot time
s SIFS \[ | Tbst | Thst | Thst | Thst, | Tbst | Thst
|
ACK frame Tx SIFS—\J— Pre |s PH | ACK
\ \
Data(CSDU) Tx _
(nitiator) 'S su=sJ Pre |s PH | Data(CSDU)
Data(CSDU) Tx _ |
(Responder) | RIFS = SIFS + Tbst Pré Is PH | Data(CSDU)
Management / /
(dxcept C-Req) Tx - Management
(Initiator) F—lIFS s":,s, R& Is PH | (except C-Req/C-Acc)
Management { {
(éxcept C-Acc) Tx - | | Management
(Responder) —RIFS ‘SIIFS +Thst N - (except C-Req/C-Acc)
Managment(C-Req) Tx ﬁIFS + 2°Thst Pre |s PH | %‘f’,’?‘;%j”’e"‘
! g " Random Backoff (m*Thst) Management
Managgment(C-Acc)-Tx ?{FS + 2*Thst (ex.m=3) Pre |S PH | (C-Acc)
I
m=0,1,2,3,4,5,6 Pre:Preamble, S:Sync, PH:PHY Header
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Figure 32 — Interframe space example
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Table 40 — Interframe space

AT

Parameter Value Description
name

SIFS min: 8,5/ max: 11,5 us Short interframe space

IIFS min: 8,5 us Initiator minimum interframe space
IIFS shall be greater or equal to SIFS

RiFS mim—15;7us Respormder—mimimum——interframe
RIFS shall be greater or equal to space
SIFS+Tbst

Tbst 8us x10% Slot time

before sending any frame.

10

.4.4.1 Short interframe space (SIFS)

entity shall perform medium state sensing as specified in 10.4.2 to check:if.the state of the medjum is idle

If @ data frame or management frame assigned with ImMACK attribute is received successfully, an AQK shall be

sent only after sensing that the state of the medium remains.idle for at least one SIFS period.

10

TH
IIF

10

TH

.4.4.2

S period.

one RIFS period.

10

AT

R4

wh

A

pe

Initiator interframe space (lIFS)

.4.4.3 Responder interframe space\(RIFS)

.4.4.4 Random backoff time
entity shall use the rahdom backoff time specified as follows when transmitting the C-Acc.
ndom backoffitime = Random() x Slot time

ere Random() is an integer between 0 and 6.

e initiator shall not transmit a frame until sensing:that the state of the medium remains idle for a{ least one

e responder shall not transmit a frame until sensing that the state of the medium remains idle fpr at least

entity shall not transmit C-Acc until sensing that the state of the medium remains idle for at leasf one SIFS
riad + 2 Slot times + one random backoff time.

10.4.5 Access procedure

10

.4.5.1 Basic access condition

A entity shall transmits a frame after it detects that the state of the medium remains idle for a specified

du

ration or longer.
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10.4.5.2 Backoff procedure

The backoff procedure shall be performed if the state of the medium is found to be busy immediately before a
frame is transmitted as specified in Figure 33.

Intended Actual
JL timing for \I timing for
Data 2 Data 2
Backoff
Initiator Tx | Data ACK Data 2 Data
8> R 8> 8> ¢S
Regponder Tx ACK Data 1 ACK ACK
Backoff

Intended Actual S:SIFS, LIIFS; ‘R'RIFS
timing for timing for
Data 1 Data 1

Figure 33 — Backoff procedure

10.4.5.3 |Connection request transmission
The C-Refy is a management frame indicating a connection request. The entity requesting a link connectipn
shall trangmit this frame at regular intervals unless the state of the.radio medium is busy or until it receives the
C-Acc.
The C-Refy transmission shall be stopped when C-Acc is received as illustrated in Figure 34 and specified|in
Table 41.
. . . Stop “C-Req” trar on
<—C-Req interval —<x— C-Req interval —<<-C-Req interval —
Initiator Tx C-Req C-Req C-Req | | ACK
<—C-Acc interval —<—C-Acc interval —> 8-
Responder Tx C-Acc | C-Acc C-Acc
S:SIFS
Figure 34 — C-Req transmission
Table 41 — C-Req interval and C-Acc interval
Parameter Value Description
name

50

C-Req interval

100 [us] +10%

C-Req frame interval

C-Acc interval

ACK Timeout + SIFS + 2*Tbst + Random
Backoff

Refer to Figure 30 and Figure 32 for more detail.

C-Acc frame interval
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Table 42 — Frame type/Frame Body type vs. transfer rate

Frame type Frame Body type Required transfer rate setting
Acknowledgement n/a Rate 32
Data/Manacans ot Data Raota 529 $a Dot 29
I_I(JLUIIVI(JIquUIII\JIIL Wl vaoao U TWaalu vao
Management Rate 32
10.4.7 UID filter
Received frames shall be filtered using the Rx UID and Tx UID fields of the cammon CNL header

se
Sp
ul
th

hds Indications when it receives frames depending on the CNL states and‘the TX/RX UID field
ecified in Table 43. The CNL Indication is Conditional in some situations./In that case, the CNL|
(meaning it does not send the Indication) if the Tx UID does not meet'the filter conditions. Thg

The CNL
values as
filters the
details of

conditions are up to the implementation and are thus out of the scope of this International Standard.

Table 43 — UID filtering

Initiator Gonnected,

Responder
Connected

CNL State Common CNL Commen CNL Header CNL Indication to CNL
Header Tx UID field value User (Con<.:l|.t|onal Dr
Rx UID field value Unconditional)
Search, Own UID Any UID (except Paging | Conditional
Connection Paging UID uIb) It is possible to give a
Request, limitation to Tx UID field
Response Waiting, value to. restrict [the
target entity.

Accept Waiting
Responder Own UID Target UID Unconditional
Response,

10.5 CNL state

The CNL uses the states specified in Table 44 to manage the connection.
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Table 44 — CNL states and corresponding roles

State Entity
Name Role

Close None
Search Responder

Connection Request | Initiator

The exclu

10.51 C

Accept Waiting Responder
Response Waiting Initiator
Responder Responder
Response

Initiator Connected Initiator
Responder Responder
Connected

sivity of the CNL_ACCEPT request and CNL_ACCEPT response is arbitrated by the CNL User.

ose state

In this stafe, the CNL is not being activated.

When CN

When a C|

| CLOSE.request is received from the CNL User, the @NL entity shall change to this state.

NL_INIT.request is received from the CNL User,-the CNL entity shall change to the Search state.

10.5.2 Search state

This state

When CN
Request g

When C-H
indication

When CN
In the Seq

The hiber

is for waiting for the C-Req.

| CONNECT.request is received from the CNL User, the CNL entity shall change to the Connecti
tate.

Req is received, the GNL.entity shall change to the Accept Waiting state after sending a connjg
to the CNL User.

| CLOSE.request is received from the CNL User, the CNL entity shall change to the Close State.
rch state/the hibernation procedure may be performed to reduce power consumption.

nation\period is composed of a dormant period (Tds) during which it is not possible to receive 3

frame and

ny

an awake period (Tas) during which it is possible to receive the C-Req frame as specified

in

Figure 35~ FheAwake pwiuu' stratt-be—set-mconsideratiomrof-the C-Ruq mtervat-toterance—and-the—€-R q
frame duration. See Table 47 for the required limits on Tds and Tas.
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88 Dormant | Awake Dormant Awake I bormant 8(

Awake period
(Tas)

— Dormant period (Tds)

Figure 35 — Dormant & awake period in Search state

10

TH

.5.3 Connection request state

th¢ C-Acc.

W

hen C-Acc is received from the responder candidate, the CNL entity shall change.to the Respon

state after sending an accept indication to the CNL User.

w
if

R
re
ChH

W
Cco

W
Cl

10

TH

If
)

If
ClI

10

hen C-Req is received in this state, a connect indication shall be sent tothe CNL User. After the
CNL_ACCEPT.request is received from the CNL User, the CNL entity“shall change to the R
sponse state after stopping the T_Connect timer. Or, after the indication, if CNL_RELEASE.
ceived from the CNL User, the CNL shall stop the T_Connect timer, then transmit a C-Rls, an
\L entity shall change to the Search state.

hen the T_Connect timer expires, the CNL entity shall change to the Search state after indicating
nnection to the CNL User.

The T_Connect timer is used for watching the duration of C-Req transmission. This timer shall s
attempt to transmit the first C-Req and shall siop*when C-Acc is received.

hen a C-Rls is received, the CNL shall stopthe T_Connect timer, then indicate a released conned
L User, and then the CNL entity shall change to the Search state.

.5.4 Accept waiting state
is state is for waiting for the-€NL User response, after receiving the C-Req from the initiator candi

the CNL User permits -to establish the connection with the initiator candidate (as indicg
NL_ ACCEPT .request);the CNL entity shall change to the Responder Response state.

L RELEASE<request), the CNL entity shall change to the Search state after transmitting the C-RI

.5.5 Response waiting state

TH

is state is for requesting a link establishment. In this state, the entity shall transmit the C-Req and wait for

se Waiting

ndication,
Responder
request is
j then the

h released

tart on the

tion to the

Hate.

ted by a

the CNL User‘does not permit to establish the connection with the initiator candidate (as indlicated by

S.

is~state is for waiting for the CNL User accept response, after receiving the C-Acc from the

responder

ca

ndidate.

If the CNL User permits to establish the connection with the responder candidate (as indicated by a
CNL_ACCEPT.response), the CNL entity shall change to the Initiator Connected state, then start the
T_KeepAlive timer from zero, and send an ACK to respond to the corresponding C-Acc.

If the CNL User does not permit to establish the connection with the responder candidate (as indicated by
CNL_RELEASE.request), the CNL entity shall change to the Search state after transmitting the C-Rls.

When the C-RIs from the responder candidate is received, a release indication shall be sent to the CNL User,

an

©lI

d then the CNL entity shall change to the Search state.
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10.5.6 Responder response state

This state is for accepting a link connection. In this state, the entity shall transmit the C-Acc and wait for an
ACK response.

When an ACK for the C-Acc is received, the CNL shall start the T_KeepAlive timer from zero, then send a
confirmation to the CNL User, and then the CNL entity shall change to the Responder Connected state.

When the C-RlIs is received or T_Accept timer expires, the CNL entity shall change to the Search state after
sending a release indication to the CNL User.

o The T| Accept timer is used for watching the duration of a C-Acc transmission. This timer shall start,on tlwe
attempt to transmit the first C-Acc and shall stop when the ACK for C-Acc is received.

If a data CPDU or a management CPDU(C-Sleep,C-Wake,C-Probe) is received after an ACK timeout of the
C-Acc, the CNL entity may send an ACK to respond to the corresponding CPDU.

10.5.7 Injitiator connected state

When the|CNL_RELEASE.request is received from the CNL User, the CNL entity ‘shall change to the Search
state after{transmitting the C-Rls.

When the|C-RlIs is received or the T_Retry timer expires, the CNL entity shall change to the Search state after
sending a|connection release indication to the CNL User.

e The T| Retry timer is used for watching the duration of managément frame transmissions except C-Req,
C-Acqd and C-RIs. This timer shall start on the attempt to transmit the first management frame and shall
stop when the ACK is received.

When the| T_KeepAlive timer expires, the CNL shall staffito transmit the C-Probe. If the ACK is received for
the C-Probe, the CNL shall restart the T_KeepAlive timer from zero.

If C-Probq is received, the CNL shall stop the T KeepAlive timer, then send an ACK for the C-Probe, and then
restart thel T_KeepAlive timer from zero.

If C-Acc i$ received, the CNL shall stopithe T_KeepAlive timer, then send an ACK for the C-Acc, and then
restart thel T_KeepAlive timer from zefoy

10.5.8 Responder connected state

When CNL_RELEASE.request is received from the CNL User, the CNL entity shall change to Search state
after trangmitting the C<Rls?

When the|C-RlIs is\received or the T_Retry timer expires, the CNL entity shall change to the Search state after
sending a|connegction release indication to the CNL User.

e The TL £q,
C-Acc and C-Rls. This timer shall start on the attempt to transmit the first management frame and shall
stop when the ACK is received.

When the T_KeepAlive timer expires, the CNL shall start to transmit the C-Probe. If the ACK is received for
the C-Probe, the CNL shall restart the T_KeepAlive timer from zero.

If C-Probe is received, the CNL shall stop the T_KeepAlive timer, then send an ACK for the C-Probe, and then
restart the T_KeepAlive timer from zero.
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.5.9 Sub-states within the Initiator connected state or Responder connected state

The connected state has the following sub-states.

O

Re
ini
sh

In
an

10

D3

W

frg

thé T_KeepAlive timer. After the ACK is received for each CPDU) the CNL shall start the T_Keep
m zero.
hen a data CPDU with a More Segment field = 0 jis received from the target, the CNL sha

w
T
s¢)

W
to

W

W
se

A. Connected Sub-State
B. Local Hibernate Sub-State

C. Target Sleep Sub-State

sponder connected state, the responder shall enter the connected sub-state. In case of the in
liator's Local Hibernate sub-state shows the hibernation of the initiator, and the Target.Sleep
ows the hibernation of the responder.

d the Target Sleep sub-state shows the hibernation of the initiator.

.5.9.1 Connected sub-state
ta frames shall be exchanged in this sub-state.

hen CNL_DATA.request is received from the CNL User, the CNL shall transmit data frames afte

KeepAlive timer, then send an ACK to the target,.and then send a data indication to the CNL |
nding the data indication, the CNL shall start the T\ KeepAlive timer from zero.

hen a data CPDU with all More Segment fields = 1 is received from the target, the CNL shall ser
the target after stopping and starting the T_-KeepAlive timer from zero.

1. Transmit the C-Sle€p)and wait to receive an Ack.

try to the
tiator, the
sub-state

case of the responder, the responder’s Local Hibernate sub-state shows the hibernation of the fesponder,

r stopping
\live timer

| stop the
User. After

d an ACK

hen CNL_POWERSAVE.request is-received from the CNL User, the CNL entity shall perform th¢ following
steps in sequence:

F7- 1 a O = O R
garc arc— 1 MoC PV eTarToT o ZoTOo,artd

change to the Target Sleep sub-state.

2. After receiving the.Ack, confirm the CNL_POWERSAVE service to the CNL User and then
change to the.Local Hibernate sub-state if the CNL entity supports the Power Save service.

hen the C-Sleepis received from the other entity, the CNL entity shall perform the following steps in
guence:

1. Stop/ithe T_KeepAlive timer,

2., send an ACK,

3. “send an indication to the CNL User (with a CNL_POWERSAVE.Indication for example),

4. ctarttha T Koo Al rtionar frans oA

5.

When T_Resend timer expires, the CNL entity shall change to the Target Sleep sub-state and start to transmit
the C-Wake.

(o]

The T_Resend timer is used for watching the duration of data frame transmissions. This timer
on the first attempt to transmit each data frame and shall stop when the ACK is received.

shall start

When the T_Retry timer expires in this sub-state, the CNL entity shall change to the Search state after

se

©lI

nding a connection release indication to the CNL User.
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If a discontinuous sequence number is detected, or a repeated Sequence Number Synchronization bit is
detected,the CNL entity shall transmit the C-Rls followed by changing to the Search state. See 10.4.3.6 for
more details on discontinuous sequence number detection. A repeated Sequence Number Synchronization bit
means that a data Frame Body, except the first data Frame Body, has the Sequence Number Synchronization
bit of the Sub CNL Header set to 1.

10.5.9.2 Local hibernate sub-state

This sub-state is for performing hibernation while being connected.

When the[C-Wake is received from the Targef, the CNL enlity shall send an indication to the CNL User, Ihien
transmit ah ACK, then start the T_KeepAlive timer from zero, and then change to the Connected sub-state-

When CNL_DATA.request or CNL_WAKE.request is received, the CNL entity shall change te)the Target
Sleep sul-state and shall start to transmit a C-Wake. When the T_Retry timer expires in this 'sub-state, the
CNL entity shall change to the Search state.

The Local[Hibernate Sub-state consists of dormant and awake periods as specified in Figure 36.

88 Dormant | Awake Dormant Awake)  —hormant 8(

Awake period
(Tac)

S Dormant period (Tdc)

Figure 36 — Dormant & awake period in:Local Hibernate sub-state

Refer to 10.3.4.4 for handling of awake period and dormant period in the hibernation.

The hiberpation period is comprised of a dormant-period (Tdc) during which it is not possible to receive any
frame and an awake period (Tac) during whiechiit'is possible to receive the C-Wake and C-Probe frame.

See Tablg 47 for the required limits on Tde and Tac.

10.5.9.3 |Target sleep sub-state
This statelis used when it is.assumed that the target entity is hibernating and the local entity is not hibernating.

When a (-Sleep is received from the target, the CNL shall stop the T_KeepAlive timer, then send an ACQK,
then send|an indicationto the CNL User, and then start the T_KeepAlive timer from zero.

When CNL_POWERSAVE.request is received from the CNL User, the CNL entity shall change to the entity’s
Local HibTrnate sub-state if the CNL supports the Power Save service.

When the T_Retry timer expires in this sub-state, the CNL entity shall change to the Search state after
sending a connection release indication to the CNL User.

When CNL_WAKE.request is received from the CNL User, the CNL shall start to transmit the C-Wake to the
target.

If an ACK for the C-Wake is received, the CNL shall send a wake confirmation to the CNL User, then start the
T_KeepAlive timer from zero, and then the CNL entity shall change to the Connected sub-state.
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When CNL_DATA.request is received from the CNL User, the CNL shall stop the T_KeepAlive timer, and then
start to transmit the C-Wake. If an ACK for the C-Wake is received, the CNL shall send a wake confirmation to
the CNL User, then start the T_KeepAlive timer from zero, and then the CNL entity shall change to the
Connected sub-state and start to transmit the data.

When the C-Wake is received from the target, the CNL shall send an ACK response, then send an indication

to the CNL User, then start the T_KeepAlive timer from zero, and then the CNL entity shall change to the
Connected sub-state.

10.5.9.4 Permitted frame types for each state

THe following Table 45 and Table 46 specify which frame types are permitted to be transmitted-ffom within
each CNL entity state.

“XI'" in the table specifies that transmission of that frame type is permitted. A blank indicates that trgnsmission
ofthat frame type is not permitted.

Table 45 — Permitted frame transmissions from within‘each state

C-Req C-Acc C-RIs | C-Wake | C-Sleep’ | C-Probe | ACK GSbu
Close
Search
Connection Request X X
Accept Waiting
Response Waiting X X
Responder Response X X
Table 46 — Permitted frame transmissions from within each sub-state
C-Req)"| C-Acc C-RIs | C-Wake | C-Sleep | C-Probe | ACK GSbu
Connected Sub-State X X X X
Local Hibernate Sub-State X
Target Sleep Sub-State X X X

10.6 Numerical-parameters

Numerical parameters are specified in Table 47.
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Table 47 — Numeric parameters

Parameter Min. Max
name
T_Connect 10s
T_Accept 500 ms 10s
T _Retry 1,25 s 10s
T Resend 200TTTS
Tas 140 us
Tds 1s
Tac 100 us
Tdc 1s
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THe 64-bit UID is specified in Figure A.1 (with the exception of the Paging UID).

Egch implemented entity unit shall be assigned a unique UID value.

A
TH

(o

date of publication of this standard. ISO and IEC are\not responsible for this activity.

A

TH

1.1 Specifier ID

{1.2 Reserved

1.3 Extension Identifier

ISO/IEC 17568:2013(E)

Annex A
(normative)

UID Specification

4-UID-Gempesition
ition

Specifier ID Reserved Extension Identifier
20 bits 16 bits 28 bits

Figure A.1 — Composition of UID

industry-appointed) entity, in this case Ecma International (http://www.ecma-international.org)

is component shall be set to 0x0000,

age of this componentsis—up to each Specifier, including the allocation methods and pol
mbination of Specifier /D and Extension Identifier shall be unique for each implemented entity unit

e Specifier ID identifies the organization that is responsible for the individual implemenfed entity.
THe identification scheme for the Specifier ID is currently being implemented by an industry-ri

ecognized
as of the

cies. The

©lI
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Annex B
(informative)

Coupler

The antenna used to achieve close proximity electric induction wireless communications is called a “Coupler”.

The coup

er is optimized to transmit and receive the longitudinal wave ER. The transverse wave should be

suppressg

The meas|

d. Therefore the coupler is not compatible with a normal microwave transceiver antenna.

urement method and reference coupler drawings are provided in Annex C and Annex D.
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Annex C
(informative)

Coupler measurement

The following considerations should be observed when measuring a coupler.

Use a reference coupler in measurement.
Let CUT (coupler under test) face a reference coupler.
Set z-axis along the line between the centres of the two couplers, then set x/y;axis vertical t¢

Fix the position of CUT and define the nearest position of reference cotpler from CUT as
(0,0,0).

Connect CUT and reference coupler to network analyzer.
Measure S»; between the two couplers when the reference’coupler is at the position as follo

Measurement should be done using 50 ohm impedance.

é Reference coupler
T P

Coupler under test

Figure C.1 — Coupler measurement setup

Z-axis.

the origin

WS.

The measurement setup is illustrated in Figure C.1. The recommended coupler characteristics are illustrated
in Table C.1.
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Table C.1 — Recommended coupler characteristics

Coupling Conditions

Reference Coupler (x,y,z) Positions

(0,0,15), (10,0,10), (-10,0,10), (0,10,10), (0,-10,10) mm

Coupling Strength

S,1(4,48 GHz) > -25 dB

Flatness

Maximum S,; — Minimum S,; from 4,20 GHz to
4,76 GHz <3 dB

u

>

-coupling Conditions

PogFition of Reference Coupler (x,y,z)

(0,0,700) mm

Coppling Strength

S,1(4,48 GHz) < -40 dB
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Annex D
(informative)

Reference Coupler

The following items comprise the reference coupler.

1:[Coupling Electrode (brass)
2:|Printed Wiring Board (PPE: Polyphenyleneether, €=3.3)
3:|Coaxial Connector

Figure D.1 specifies the structure of a reference coupler.

@ &2

4 )

N
030
|

0.5

[ | — o~ (Unit: mm)

Figure D.1 — Reference coupler

THe pattern for the corresponding printed wiring board is specified in Figure D.2.
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Table D.1

64

- Through hole
| @
- e
(&)
NS
Connect to the electrode
1.5 (Unit: mm)
Top View Bottom View

Figure D.2 — Printed wiring board pattern

illustrates the typical characteristics based on the measurement method described in Annex C.

Table D.1 — Typical coupler characteristics

Coupling Condition QQ\
AN

Pogitions of Reference Coupler (x,y,z) | (0,0,15), (10,0,10);~(-10,0,10), (0,10,10), (0,-10,10)
mm

Coppling Strength S, (4,48 GHz) =-17 dB

Fldtness Maximum S,; — Minimum S,4 from 4,20 GHz to
4,76-GHz =1 dB

@%oupling Condition

Po|

Sition of Reference Coupler (@z)’ (0,0,100) mm

3

Co

Lpling Strength ) S21(4,48GHz) = -45 dB

-

~
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Annex E
(informative)

Sample Data Sequences

EA4—Reed-Solomon-Encoder
ncoder

T4ble E.1 and Table E.2 illustrate sample values calculated by the Reed-Solomon Encoder. Io\Tabje E.1, the
input data is a simple counting sequence starting with Byte 00 = 0x00, incremented.by ong for each
subsequent byte, and ending with Byte 223 = OxDF. In both Table E.1 and Table E.2, the-RS Parity|Bytes are
listed from left to right from higher order to lower order such that the leftmost byte is\the highest prder byte
frgm the Reed-Solomon encoder and the first parity byte transferred to the next stage of processing.

Table E.1 — Reed-Solomon Encoder Sample data for 224.input bytes

Input Data 0x00 01 02 03 04 05 06 07 08, ..., DA DB)DC DD DE DF
224 bytes (Increment data)

RS Parity 0xA1 5D OE E4 0B 5F 8B AE E4 68 87 AA 1B 97 11 5B
16 bytes

Table E.2 — Reed-Solomon Encoder Sample data for 16 input bytes

Input Data 0x00 01 02 0304 05 06 07 08 09 OA 0B 78 CC CADC
16 bytes
RS Parity OxCEF.€347 06 36 82 7B DA FA 47 4E 5C 3E 8F F4 10
16 bytes

El2 Convolutional-Encoder

—
Q)

ble E.3, Table\E.4 and Table E.5 illustrate sample data for the Convolutional encoder.
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Table E.3 — Convolutional Encoder Sample data for Rate 261

Tdble E.4 — Convolutional Encoder Sample data for Rate 130 to Rate 32 and Phy Header

t Input Data | Output Data
(To)
0 DO |1 aG0o |1
aG10 |1
1 D1 |0 bGO0O | O
bG10 | O
2 D2 |1 aG01 |0
aG11 1
3 D3 1 bGO1 1
bG11 1
4 D4 |0 aG02 |0
aG12 | 1
5 D5 |0 bG02 | 1
bG12 | 0
6 D6 |1 aG03 |0
aG13 |0
7 D7 |1 bG03 | 0O
bG13 | 0

t Input Data | Output‘Data
(To)
0 DO |1 GO0 1
G10 1
1 D1 |0 GO01 1
G11 0
2 D2 ~H G02 0
G12 0
3 D3 |1 GO03 0
G13 1
4 D4 |0 G04 0
G14 1
5 D5 |0 GO05 1
G15 1
6 D6 |1 G06 1
G16 1
7 D7 |1 Go7 0
G17 1

Table E.5 — Convolutional Encoder Sample data for Phy Header

Input {Ver=0x1, Rate=0x2, Reserved=0x00, Length=0x00 52,
Data(hex) HCS=0xB5 22, Tail bits=0x0} = { 0x12 00 00 52 B5 22 0}
Output 0x03 BE C0 00 00 00 38 BE 21 48 BE CE CO

Data(hex)
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E.3 PHY Header HCS

Table E.6 illustrates sample values for the 16-bit ECS used for the PHY Header HCS.

Table E.6 — PHY Header HCS Sample data

Field Name Ver[3:0] | Rate[3:0] | Reserved[7:0] | Length[15:0] HCS[15:0]
Value (hex) 0x1 0x1 0x00 0x0052 0x2003
Value (binary) | 0001 0001 0000 0000 0000 0000 OTOT 00T | 0010 0000 0000|0011

El4 Common CNL Header HCS

—
Q)

ble E.7 illustrates sample values for the 32-bit ECS used for the Common CNL\Header HCS.

Table E.7 — Common CNL Header HCS Sample data

Field Name | Rx UID[63:0] Tx UID[63:0] | Rsy[7:0] | MUX[7:0] | HCS[31{0]
L,
Value (hex) | 0x00 01 02 03 04 05 | 0x08 09 0A 0B 0C 0D-<_)| 0x00 0x01 Ox4F 82|7F 74
06 07 OE OF

E{5 Sub CNL Header HCS

—
Q)

ble E.8 illustrates sample values for the 32-bit ECS used for the Common CNL Header HCS.

Table E.8 — Sub CNL Header HCS Sample data

Field Name | Attribute[7:0] SegNum([7:0] Length[15:0] HCS[31:0]

Value (hex) | 0x61 0x01 0x00 20 Ox7A FA 8D 67

NQTE: Attribute[7:0)\7 {Reserved, ACK Type, Frame Body type, Reserved, Frame type} = {0,1,1,000,01} (binan

E/6 Scrambling sequence generator
T‘ GEQ | for the S bli

~
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Table E.9 — Scrambling Sequence Generator Sample data

chip
index

Seed[17:0] = [011AQ]

Seed[17:0] = [27BFA]

Seed[17:0] = [3C859]

chip hex

chip | hex
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Table E.9 — Scrambling Sequence Generator Sample data (concluded)

chip
index

Seed[17:0] = [011AQ]

Seed[17:0] = [27BFA]

Seed[17:0] = [3C859]

chip hex

chip | hex

chip | hex
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F.1 CNLframe-exchange-sequences

F.1.1 Cq

Entities s

Annex F
(informative)

CNL frame exchange sequences

nnection setup procedure

t up a link connection by exchanging their respective UIDs by means of the C-Req and C-Acc. The

setup propedure begins when the entity (A) requesting a connection transmits the C-Red)\ The procedyre

completes

with C-Acg¢ as illustrated in Figure F.1.

when the peer (B) that has received the C-Req from peer A accepts the connection and responds

4 N
A B
Management (C-Req) N
Management (C-Req) 1| ntity A UID acquired
Management (C-Req) N
Entity B UID acquired Managerfient (C- Acc)'_’ Set Target UID = Entity A UID
et Target UID = Entity B UID——
Management (C-Acc) ———
ACK— ——»
o )
Figure F.1 — Connection setup procedure
F.1.2 CSDU exchange procedure
CSDUs afe transmitted using Data Frame CPDUs. The entity that successfully receives the data frame
returns an ACK response as illustrated in Figure F.2. r|n

70
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~
A B
——Single Data
CPDU [#m——
Retransmission
Single Data
[ ——CPDU [#m].
& ACK[#m]
Single Data
CPDU [#n] ———
ACK [#n]—p¢ Retransmission
Single Data
CPDU [#n] —
Duplication detected ACK [t > [#SeqNum]
/
Figure F.2 — CSDU exchange procedure
F.1.3 Connection sleep procedure
THe entity transmits the C-Sleep when it hibernates or when it permits the other entity to go into hibernation.
THe performing of the hibernation is optional for both entities.
Figure F.3 illustrates the case when both entities perform the hibernation. There can be three more gases.
1.[Only the Entity A performs hibernation.
2.|0nly the Entity B performs hibernation:
3. Both Entities do not perform thee hibernation.
4 N
A B
Managem:g;‘(% Goto “Target Sleep” sub-stat
Goto“Lgcal Hibernate” sub-state——&—— K—— 1
Goto “Local Hibernate” sub-state
A
Dormant Dormant
Awake Awake
- /

Figure F.3 — Connection sleep procedure (both entities perform the hibernation)
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4 N
A B
Manag emAe g;{% Goto “Target Sleep” sub-state
Goto “Local Hibernate” sub-state——&— K——

|

Dormant

Awake

Rigure F.4 — Connection sleep procedure (only the entity A performs the hibernation)

4 N
A B
Managem:g:(% Goto’“Target Sleep” sub-state
Goto “Target Sleep” sub-state—&—— K— N\
Goto “Local Hibernate” sub-state
S
Dormant
Awake
o )

Rigure F.5 — Connection sleep procedure (only the entity B performs the hibernation)

. N
A B
Managem:g;(% Goto “Target Sleep” sub-state
Goto “Target Sleep”Sub-state—|&— K1

.

Figure F.6 — Connection sleep procedure (both entities do not perform the hibernation)

F.1.4 Connection wakeup procedure
The entity cancels hibernation when the C-Wake is received.

The entity transmits C-Wake to cancel hibernation of the other entity before transmitting any data frames or
management frames assigned with a NoACK attribute as illustrated in Figure F.7.
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A B
Awake

Retransmission [ Management (C-Wake)__
Retransmission [ Management (C-Wake)___, Dormant

——Management (C-Wake)

4—  ACK

Goto “Connected” sub-state

F.
TH
col
A(

Af

F.

Figure F.7 — Connection wakeup procedure

1.5 Connection confirmation procedure

-

nnection transmits the C-Probe. If the C-Probe is successfully received, the receiving peer (B)

is procedure is intended to confirm whether the radio connection is alivé.’"The entity (A) confjrming the

eturns an

th
st

©

LK response. If Entity A cannot receive an ACK, entity A retransmits the’G-Probe.
er an ACK response for the C-Probe, Entity B can continue hibernation as illustrated in Figure F.§.
4 N
A B
Retransmission Management (C-Probe) N
[ Management (C-Probe) N Dormant
———Management (C-Probe)
Awake
4— ACK
Dormant
- /
Figure F.8 — Connection confirmation procedure
1.6 Connection'release procedure
An entity requests the other entity to release the connection by transmitting the C-Rls. The entity (A) that
trgnsmits the, C-Rls discards the target UID that was set when the connection was established and ghanges to
Search state. The peer (B) that has received the C-RlIs discards the target UID and changes to the Search
Pe, as'does Entity A as illustrated in Figure F.9.
4 N
A B
Goto "Seareh” StatL Management (C-Rls) —> Goto “Search” state
Ly |
- /

Figure F.9 — Connection release procedure
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