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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall indicates a mandatory requirement to do something
shall not indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in
Technical Reports.

The constructions "must” and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided
insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced,
non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a
referenced document.

should indicates a recommendation to do something
should not indicates a recommendation not to do something
may indicates permission to do something

need not indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions
"might not" or "shall not" are used instead, depending upon the meaning intended.

can indicates that something is possible
cannot indicates that something isimpossible
The constructions "can" and "cannot” are not substitutes for "may" and "need not".

will indicates that something is certain or expected to happen as aresult of action taken by an agency
the behaviour of which is outside the scope of the present document

will not indicates that something is certain or expected not to happen as aresult of action taken by an
agency the behaviour of which is outside the scope of the present document

might indicates a likelihood that something will happen as aresult of action taken by some agency the
behaviour of which is outside the scope of the present document
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might not indicates a likelihood that something will not happen as a result of action taken by some agency
the behaviour of which is outside the scope of the present document
In addition:
is (or any other verb in the indicative mood) indicates a statement of fact
isnot (or any other negative verb in the indicative mood) indicates a statement of fact

The constructions"is" and "is not" do not indicate requirements.

ETSI
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1 Scope

This document specifies the physical layer of Ambient IoT.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 38.211: "NR; Physical channels and modulation”.

[3] 3GPP TS 38.391: "Ambient loT Medium Access Control (MAC) protocol”.

[4] 3GPP TS 38.194: "Ambient 0T Base Station (BS) and Carrier-Wave (CW) node radio

transmission and reception".

[5] 3GPP TS 38.191: "Ambient IoT device radio transmission and reception”.
3 Definitions of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in TR 21.905 [1] apply. A term defined in the present
document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Af Subcarrier spacing in R2D

Tic Interval for insertion of a D2R midamble

kre Index of asubcarrier relative to areferencein R2D

Lamble Length of a D2R amble sequence

lre OFDM symbol index relative to areferencein R2D

M hip Number of chips to transmit

Mjg;;b Number of chips per OFDM symbol for the R-TAS CAP, PRDCH, R2D postamble and padding
Ncap Number of bitsin the R-TAS CAP

Nep g, Cyclic prefix length in R2D

Npad Number of padding chips

N Minimum number of physical resource blocksto be used in R2D
NR2D Number of physical resource blocks used in R2D

Ngps Number of potential small frequency shifts

Ngp Number of bitsin the R-TAS SIP

NRB Number of subcarriers per resource block in R2D

NPZR Size of a D2R transport block
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NR2D Size of an R2D transport block
TpRB Physical resource block number in R2D
Ryjock Block repetition number
Rgps Small frequency shift factor
TR Duration of a D2R bit for transmission
T, Basic time unit for R2D
o Duration of aD2R chip
They Duration of achip for the R-TAS CAP, PRDCH, R2D postamble and padding
Tinin Minimum timing relationship from D2R to R2D
Trop Timing relationship from R2D to D2R
X Chip index relative to areference
Ziege lns Value of resource element (kgg, lze) in R2D

Zy

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905[1].

Vaue of chipy in D2R

A-loT Ambient loT
CAP Clock acquisition part of R-TAS
CRC Cyclic redundancy check
D2R Device to reader
DFT-ssOFDM  DFT spread OFDM
loT Internet of Things
PDRCH Physical device-to-reader channel
PRDCH Physical reader-to-device channel
R-TAS R2D timing acquisition signal
R2D Reader to device
SIP Start indicator part of R-TAS
4 Time and frequency domain structures
4.1 Chips

From the device perspective, atransmission in D2R or areception in R2D in the time domain consists of M

chip
consecutive chips each uniquely identified by theindex y4 = 0,1, ..., MC"hip — 1. y refersto the chip position in the time

domain relative to some reference point. The superscript g is set to D2R or R2D respectively, and may be omitted where
thereis no risk of confusion.

4.2 D2R

D2R transmissions are organised into consecutive chips each of duration 75

D2R chip x corresponds to the value z, .

The constant T = 2 X 10°/15000.

4.3 R2D

4.3.1 General

The size of various fieldsin the time domain for R2D is expressed in time units T, = 1/(480 x 103 x 4096) seconds.
The constant k = 64.
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4.3.2 Time domain

R2D transmissions are organised into OFDM symbols.
There are Mj"
CAP, PRDCH, the R2D postamble and padding if needed.

consecutive chips each of duration Tgy, = Msy+"f seconds during each OFDM symbol for the R-TAS

chip
There are 4 consecutive chips each of duration ﬁ seconds during each OFDM symbol for the R-TAS SIP.

4.3.3 Physical resources

4331 Resource grid

The transmitted signal in each OFDM symbol is described by aresource grid of NX2° N2B subcarriers. The frequency
location of a subcarrier refersto the centre frequency of that subcarrier.

The subcarrier spacing Af = 15 x 103 Hz.

4.3.3.2 Resource elements

Each element in the resource grid is called aresource element and is uniquely identified by the index pair (kgg, lrg),
where kg = 0,1, ..., NEsPNRB — 1 isthe index in the frequency domain and Iz = 0 and up refers to the symbol
position in the time domain relative to some reference point.

Resource element (kgg, lgg) correspondsto the value zy . ;. ..

For in-band deployment, the starting position of OFDM symbol Iz = 0 isaligned in time with the starting position of
an NR OFDM symbol as specified in clause 5.3.1 of TS 38.211 [2].

4.3.3.3 Physical resource blocks

A physical resource block is defined as NXB = 12 consecutive subcarriers in the frequency domain. Physical resource
blocks are numbered from 0 to NF2° — 1. The relation between the physical resource block nppg and subcarrier kgg is:

_ | kre
Npr = I_NS%BJ-

NRP > Nmin \where Nfim = 1 for R-TAS SIP, and as shown in Table 4.3.3.3-1 for PRDCH, R-TAS CAP, R2D
postamble and padding transmissions.

Table 4.3.3.3-1: Minimum number of PRBs for PRDCH, R-TAS CAP, R2D postamble and padding
transmissions

Number of chips per OFDM NEiD
symbol (Mf:hymmb)
2 1
6 1
12 2
24 3
5 Mapping to physical channels

Table 5-1 specifies the mapping of the D2R and R2D transport channels to their corresponding physical channels.
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Table 5-1

TrCH Physical Channel
D2R-TrCH PDRCH
R2D-TrCH PRDCH

6 Physical channels and signals generation

Transport blocks from/to the MAC layer are encoded/decoded to offer transport and control services over the radio
transmission link.

6.1 D2R

6.1.1 Overview

A D2R channel corresponds to a set of chips carrying information originating from higher layers. A D2R signal is used
by the physical layer, but does not carry information originating from higher layers. The following D2R physical
channel and signal s are defined:

- Physical device-to-reader channel, PDRCH
- D2R-amble signals consisting of the D2R preamble and D2R midamble

D2R generation has the steps shown in the following figure.
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g, Ayq, .- Ay_q

D2R transport block
CRC attachment

bOI bll bB—l

Block repetition

Co,C1y o CBR—ll

Channel coding

D2R-ambleinsertion

Vg, Vg, o Vy_q
4

Modulation for small frequency shift

Yor Vs YMgip—1
Mapping to chips yP?R

Figure 6.1.1-1: D2R steps

6.1.2 PDRCH

Data arrives to the generation unit in the form of a block of bits from higher layers, termed a D2R transport block.

6.1.2.1 CRC attachment
Error detection is provided for the transport block through a CRC.

The entire transport block shall be used to calculate the CRC parity bits. Denote the bits in a transport block delivered to
L1 by ay, a4, ..., as_1, and the parity bits by m,, 74, ..., m;,_,, Wwhere A is the payload size and L is the number of parity
bits. The lowest order information bit a,, is mapped to the most significant bit of the transport block as defined in clause
6.1.1 of TS38.391 [3].

The parity bits shall be computed and attached to the transport block according to clause 8.1, by setting L to 16 bitsiif
A > 24; and by setting L to 6 bits otherwise.

The bits after CRC attachment are denoted by, b,, ..., bg_1, Where B = A + L.

6.1.2.2 Block repetition

The bitsinput to the block repetition step are denoted by, by, ..., bg_,, Where B is the number of bitsin the transport
block including CRC parity bits.

Block repetition shall be performed so that the bits after repetition are denoted cy, ¢y, ..., cg, 1 Where Bg = RyjocB,
Ryjock = 1 isthe block repetition number and:
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Cr+ks = by

k=01,..,B—1

K = 0, 1, ""RbIOCk —1.
6.1.2.3 Channel coding or omission

Only if R4 indicates that no channel coding is used, the bits after block repetition are re-denoted e, e, ..., €g_1,
where E = By, and the remainder of this clause shall be omitted.

Otherwise, one code block is delivered to the channel coding block. The bitsin the code block are denoted
Co, €1, -, Cpp—1 Where By isthe number of bits present after block repetition. The code block shall be encoded
according to clause 8.2.

After encoding the bits are denoted d”, d'?, ..., d{ ,, i = 0,1,2, where i isthe coded stream index and D is the number
of bitsin each coded stream, i.e., D = By,.

The sequence of bits ey, ey, ..., eg_4 for transmission, where E = 3D, isgenerated by:

ese; = d fork =0,1,..,D —1andi = 0,1,2.

6.1.3 D2R-amble insertion

The bits of the D2R preamble signal, denoted py, py, ..., Py, .1, Shall be generated according to clause 8.3 by setting

MPN = lamble .

The bits of the D2R midamble signal, denoted mgy, m, ..., m;__ 4, shall be generated according to clause 8.3 by
setti ng MPN = lamble-

An assembly of bits denoted v, v4, ..., vy_1, Where

E + (1 + [%D lampie  if Igq indicatesinsertion of an additional D2R midamble

V= '

E+ (1 + l%]) lavple  Otherwise,
t

is defined on the PDRCH bits e;, D2R preamble signal bits p, and D2R midamble signal bits m;, asfollows:
- Thebitspy, py, -, Piyyye—1 Of the D2R preamble are arranged into vy, = py for k = 0,1, ..., lymnpe — 1.

- W E = L, thebitsmg, my, ..., my_ 4 Of the D2R midamble signal are arranged into v, according to:
Vi+K (lamble*+Toi) — Ttk
k = 0, 1, ey lamble -1
E
k=125
It

- If I4q indicates insertion of an additional D2R midamble, the bitsmy, m, ..., m;._ _; of the D2R midamble

signal are arranged into vy .y, = my fork = 0,1, ..., Lmpe — 1.

amble

- ThePDRCH bitse, fork = 0,1, ..., E — 1 arearranged into al bits of v which are not occupied by the preamble
or amidamble.

6.1.4 Modulation for small frequency shift and mapping to chips

The assembly of bits v shall be modulated for small frequency-shift according to clause 8.4.1.1 or 8.4.2 using a small
frequency shift factor R, after which the set of modulated symbolsis denoted y,, y;, ..., VM p—1- The modulated

symbols shall be mapped in sequence starting with y, to chips y in increasing order.
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6.1.5 Backscattering

The time-continuous signal s(t) = z,, wheret = 0 at the start of chip y = 0. The carrier-wave for backscattering at
frequency f, defined to start at time tqy = 0 isdenoted by w(fy, tcw) as specified in TS 38.194 [4].

The backscattered signal on the carrier wave is given by:

s@w(fo, tew)-
6.2 R2D

6.2.1 Overview

An R2D channel corresponds to a set of chips carrying information originating from higher layers. An R2D signal is
used by the physical layer, but does not carry information originating from higher layers. The following R2D physical
channel and signals are defined:

- Physical reader-to-device channel, PRDCH

- R2D timing acquisition signal, R-TAS, which consists of a start indicator part, SIP, and a clock acquisition part,
CAP.

- R2D postamble signal

R2D generation has the steps shown in the following figure.

QAp, Aq, .. Ag—q

R2D transport block
CRC attachment

bo, by, . by

Line encoding

Co,C1, - C2p—1
A4

R-TASand
postamble insertion

\ 2
Mapping to chips
Modulation

Padding (if needed)

XRZDi

Mapping to OFDM symbols

Figure 6.2.1-1: R2D steps
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6.2.2 PRDCH

Data arrives to the generation unit in the form of a block of bits from higher layers, termed an R2D transport block.

6.2.2.1 CRC attachment

Error detection is provided for the transport block through a CRC.

The entire transport block is used to calculate the CRC parity bits. Denote the bitsin a transport block delivered to L1
by a4, a4, ..., a4_1, and the parity bitsby ny, 4, ..., ,_1, where A isthe payload size and L is the number of parity bits.
The lowest order information bit a,, is mapped to the most significant bit of the transport block as defined in clause
6.1.10of TS38.391[3].

The parity bits are computed and attached to the transport block according to clause 8.1, by setting L to 16 bitsif A >
24; and by setting L to 6 bits otherwise.

The bits after CRC attachment are denoted by, b, ..., bg_,, where B = A + L.

6.2.2.2 Line encoding

The bitsinput to the line encoding step are denoted by, b, ..., bg_,, Where B isthe number of bits in the transport block
including CRC parity bits. The bits are line encoded according to clause 8.5.

After line encoding, the bits corresponding to the line codewords are denoted ¢, ¢y, ..., C25_1-
6.2.3 Timing acquisition signal

6.2.3.1 Start indicator part

The R-TAS SIP consists of Ng;p = 8 bitsdenoted S, S;, S, S5, S4, S5, 56,5, = 1,1,0,0,1,0,0,0.

6.2.3.2 Clock acquisition part

The R-TAS CAP consists of Ng,p = 4 bitsdenoted 4, A4,4,,4; = 1,0,1,0.

6.2.4 Postamble

The R2D postamble signal consists of 4 bits denoted Py, P, P,,P; = 1,1,1, 1.

6.2.5 Mapping to chips and modulation
To chips y = 0 and up are mapped:
- thebitsof the R-TAS SIP in sequence starting with S, followed by

the bits of the R-TAS CAP in sequence starting with A, followed by

the bits of PRDCH in sequence starting with ¢, followed by

- the bits of the R2D postamble in sequence starting with P,

except if Mjg;;b = 24, chips y = ', x' + 1 satisfying (x' — Ng;p) modulo Mjg;;b = Mjg;;b — 2 are skipped for the

mapping of PRDCH and the R2D postamble, and are instead set to values of 1.
The content of each chip is modulated according to clause 8.4.1.2.

Following the last modulated symbol, the smallest integer N,,,q = 0 padding chips are inserted, if needed, until

(ME3> — Nsjp) modulo Mcslfi‘;b = 0. The padding chips are set to any values which do not result in another R-TAS SIP,

and if Mjg;;b = 24 values of 1 are mapped to the final two padding chips.
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6.2.6 Mapping to OFDM symbols
Chipsy = 0,1, ..., Ng;p — 1 are mapped in sequence to OFDM symbols Iy = |x/4].
Chips x = Ngp, Ngip + 1, ..., M — 1 are mapped in sequence to OFDM symbols lpy, = I(X - NSIP)/MSyme +2in

chip
increasing order.

6.2.7 Baseband signal generation

Thereis no specified relationship between chip y mapped to OFDM symbol Iy and the value z . ;... corresponding to
resource element (kpg, lrg)-

The time continuous signal s, (t) for OFDM symbol Iy is defined by:

_ EIRE(t) tstart,lRE St< tﬁaﬂ,lRE + Tsymb,lRE
SlRE(t) -

0 otherwise
k-1
= _ j2n(krg—k/2)Af t=NcpipeTc—tgart,l
Sipe(®) = Z Zhpe lre € ( )ar( reTo=teartig)
kre=0

Tsymb,lRE = (NU + NCP,IRE)TC
where NR2PNRB > | > NI NRB, ¢ = 0 at the start of OFDM symbol Iz = 0 and

N, = 2048k
_ {1601( lgg modulo 7 = [,
CP.Ire 144k otherwise

where [, isavalue from{0,1,2,3,4,5,6}, constant for all OFDM symbols of the generation.
The starting position of OFDM symbol [l is given by:
_ 0 lRE =0
Ltartire = {tstan_,RE_l + Tymbipe-1  Otherwise.
6.2.8 Modulation and upconversion

Modulation and upconversion to the carrier frequency f, of the complex-valued DFT-s-OFDM baseband signal for
OFDM symbol Iy assumed to start at t = 0 isgiven by:

Re{s, (®) - ef27ff0(t—tstart,lRE—NCP,lRETc)}
RE .

7 Physical layer procedures

7.1 D2R related procedures

7.1.1 Device procedure for D2R generation
A device shall generate the D2R transmission using the following parameters provided by higher layers:

- the duration in microseconds of each D2R bit, T22R

the block repetition number, Ry oqc
- the small frequency shift factor to be used, Rgpg

- theinterval in bitsfor D2R midamble insertion, I;
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- sequence length indicator for D2R-ambles, L, p1e
- theadditional D2R midamble insertion indicator, I 44
- thechannel coding indicator, R qe
- the D2R transport block sizein bytes, NRZR
The device shall:
- St TRt = T /(2 X Res)

- if Lyne indicates a short D2R amble sequence, set Lyye = 7; otherwise set Iype = 31.

7.1.2 Device procedure for transmission time determination

A device shall upon receiving a PRDCH intended for the device in an R2D transmission ending in chip i) = M2 —

1, perform a corresponding D2R transmission with chip y?R = 0 starting an amount of time Ty, after the end of chip

xR = yR2D according to the configuration received from higher layers.

If the D2R transmission is for a Random ID message (Msgl) or corresponds to a Random ID Response message (Msg2)

- thedevice shall determine the D2R transmission starting time using the following parameters determined by
higher layers:

- theset of Nggs = 1 potential small frequency shift factors R{ sgs, i = 1,2, ..., Nsgs

i

- Ty, isequal to thelargest value among Ty} " /(2 X R{sgs)

otherwise
r _ 7D2R
Tchip — Zchip -

If the D2R transmission is for a Random ID message

- if after chip yR?? = yR2D there are potential access occasion(s), as defined in TS 38.391 [3], for the

transmission which are earlier in time than the access occasion selected for the transmission
- thedevice shall set Tg_p = 1.25(Torrset + Min Ten:

- otherwise
- thedevice shal set Tro,p = Toffeet

else if the D2R transmission corresponds to a R2D Random ID Response message or to a contention-free random access
procedure

- thedevice shall set Tr_,p = Tofrser + Acode Where A yqe hasthe value givenin Table 7.1.2-1 if R4, indicates that
channel coding isused, and Ty_,p = Tyt if NO channel coding is used

Table 7.1.2-1

T::hip [HS] Acode [I-'S]
T
t/2
/4 0
/8
/16
/32
/64
7/128
7/192
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otherwise

- thedeviceshal set Tr_,p = Totfset + Acoge Where A 4. hasthe value givenin Table 7.1.2-2 if R ,q4. indicates that
channel coding isused, and Tr_,p = Tyt if NO Channel coding is used

Table 7.1.2-2
D2R block size [bytes] | Aggge [MS]
NPER <32 2t
32 < NPR <64 4t
64 < NDZR < 125 8t
where Tog..c hasthe value givenin Table 7.1.2-3 and Mcslfi‘;b is as determined for the corresponding PRDCH.
Table 7.1.2-3
Tehip [MS] Toftset [MS]
T
/2 107
/4
/8 57
7/16
t/32 T
/64 T, if MY = 2
7/128 s
/192 /4, if Mchip =60rl2or24

7.1.3 Device procedure for modulation scheme determination
To determine the modulation scheme for the entire D2R transmission, the device shall:
- if the PDRCH isfor transmitting Msgl or corresponds to a contention-free random access procedure
- determine according to itsimplementation to use either OOK modulation or BPSK modulation
- otherwise

- use the same modulation as determined for transmitting the preceding PDRCH.

7.2 R2D related procedures

7.2.1 Device procedure for R-TAS reception

symb

A device shall, upon determining that a SIP of R-TAS has been received, determine the value of M,

which CAP isreceived from among those given in Table 4.3.3.3-1.

according to

7.2.2 Device procedure for PRDCH reception

A device shall, upon receiving R-TAS, assume that a PRDCH transmission beginsin chip y = ySRPCH  receive the
assumed PRDCH and attempt to decode the corresponding R2D transport block, where:

PRDCH _
= Xstart . = Ngip + Ncap

- the device can assume the R2D transport block sizeis NP as specified in TS 38.391 [3], if the valueis

indicated by higher layers.
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7.2.3 Monitoring of R2D

A deviceisnot required to monitor R2D:
- when performing D2R transmission

- for aduration T2, as specified in TS 38.191 [5], after the end of chip yP2® = yDP2R when the device performs a

D2R transmission ending in chip ygu = Mgy —1.

8 Generic functions

8.1 CRC calculation

Denote the input bits to the CRC computation by a,, a,, ..., a,_, and the parity bitsby m,, 74, ..., 7;,_,, where A isthe
size of the input sequence and L is the number of parity bits. The parity bits are generated by one of the following cyclic
generator polynomials:

Jercie(D) = [D'® + D2 + D> + 1] foraCRC length L = 16.
Jerce(D) = [D® + D® + 1] foraCRC length L = 6.
The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
agDA*t + q, DAY2 4 ot g, DY + DY + D2+ o+ DY vy,
yields aremainder equal to O when divided by the corresponding CRC generator polynomial.
The bits after CRC attachment are denoted by by, b, ..., bs_,, where B = A + L. Therelation between a;, and b, is:

bk = ag fork = 0,1,2, ,A -1
by =mpn for k=AA+1,.,A+L—1.

8.2 Channel coding

The bit sequence for a given block input to channel coding is denoted ¢y, ¢4, -, cx—1, Where K isthe number of bitsto
encode.

A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined.
The configuration of the convolutional encoder is presented in Figure 8.2-1.

Theinitial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift
register of the encoder by s, s, 55, .-, S5, then the initial value of the shift register shall be set to

Si = Clk-1-0)-

» D » D » D » D » D » D
v v v v d{% G, = 133 (octal)
o) ) (1) o) S
> > > > >
@
4 b 4 ) 4 v d =
X X X X k‘G1 171 (octal)
> > > o >
(2) —
v ) 4 ) 4 v d,” G, = 165 (octal)
oD ) 51 >
>D D D »HD—

Figure 8.2-1: Rate 1/3 tail biting convolutional encoder
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The encoder output streams d ., d* and d® correspond to the first, second and third parity streams respectively, as
shown in Figure 8.2-1.

8.3 Sequence generation
The output pseudo-random m-sequence of length Mpy isxy, k = 0,1, ... Mpy — 1.
If Mpy = 7, thesequencex = 1,0,0,1,1,1,0,i.e. in GF(2), X;43 = X4z + Xy, Withxy = 1,x; = 0,x, = 0.

If Mpy = 31, the sequence x = 0,1,0,0,1,0,0,0,0,1,0,1,0,1,1,1,0,1,1,0,0,0,1,1,1,1,1,0,0,1,1, i.e. in GF(2),
Xmas = Xma3 + Xm, Withxy = 0,x; =1,x, = 0,x3 = 0,x, = 1.

8.4 Modulation mapping

8.4.1 OOK

8.4.1.1 OOK for small frequency shift

In case of OOK modulation for small frequency shift factor Rgg, a single element v; is mapped to modulation symbols
x according to:

j— D+ (1 —))

Xjpax = (2
0,1
0,1

J
K

s Reps — 1.

8.4.1.2 OOK for R2D

In case of OOK modulation for R2D, each element b; is mapped to a modulation symbol x; according to x; = b;.

8.4.2 BPSK

In case of BPSK modulation for small frequency shift factor Rggg, asingle element v; is mapped to modulation symbols
x according to:

Xjpox = 22 — Dv; + (1 = 2j)

j=0,1
K = 0'11"'1RSFS_1'

8.5 Line encoding
For line encoding, for a single element v; the encoder output is aline codeword x,, x, according to:

x5 = - Dy +A-)),j=01
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