Tdoc R1-99e00

TS 25.213 v2.2.01 (1999-9)

Technical Specification

3" Generation Partnership Project (3GPP);
Technical Specification Group (TSG)
Radio Access Network (RAN);

Working Group 1 (WG1);

Spreading and modulation (FDD)

The present document has been developed within the 3 Generation Partnership Project (3GPP™) and may be further elaborated for the purposes of 3GPP.

The present document has not been subject to any approval process by the 3GPP Organisational Partners and shall not be implemented.

This Specification is provided for future development work within 3GPP only. The Organisational Partners accept no liability for any use of this Specification.
Specifications and reports for implementation of the 3GPP™ system should be obtained via the 3GPP Organisational Partners Publications Offices.



Spreading and modulation (FDD) 2

Reference

<Workitem> (25_213-xxx.PDF)

Keywords

<keyword[, keyword]>

3GPP

Postal address

Office address

Internet

secretariat@3gpp.org
Individual copies of this deliverable

can be downloaded from

http://lwww.3gpp.org

Copyright Notification

TS 25.213 V2.2.01 (1999-89)

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

©
All rights reserved.

3GPP



Spreading and modulation (FDD) 3 TS 25.213 vV2.2.01 (1999-89)

Contents

INntellectual Property RIGNES ......o.eiieiiie et e e b b e e b e nneenaneens 5
0111V o SRR 5
1 R o0 o TSP RR PP OPRP 6
2 G L (=101 6
3 Definitions, symbols and abbreviationS ............ccoceiiiii e 6
31 (D= 1 1] (oSO 6
32 SYMIIOIS. .. bbbttt h e h bRt h b h bRttt a e ea bbb et ne b e 6
33 F N oo (= V= 1 o] PP PUR PRI 6
4 Uplink spreading and MOQUIBLION ........co.ueeiuieiiieie ettt 8
41 L@ Y VT T TP 8
4.2 01152 o 1 0T TP PP TRR 8
421 Uplink Dedicated Physical Channels (uplink DPDCH/DPCCH) ........oocuiiiiiiiiienie e 8
422 A 1 PP 11
43 Code generation and allOCALTON ..........coiuiiiieiie ettt sttt e st e e s be e sbeesbeesbeesreenreen 11
431 ChannEliZALION COOBS .......ueiitiiitieitie ittt b e bbb e b e e s b e sbe e sbeesbeesbeesaeenneenaeas 11
432 SCrAMBIING COOBS .....eeetiiitiiitie ettt b bbb e e bt e s be e sbe e sbe e sbeesbeesaeesbeenaeas 14
4321 7= 3T - PP 14
4322 LONG SCrambling COUB........cuiiiiiiiiitie ettt b e bbbt nb e bbb e saeesneas 15
4323 Short SCrambliNg COOR. .......oiuiiiiiiie ittt et et 16
433 RANAOM GCCESS COUES.......teetie ettt sttt ettt sttt b e s bt sb e s b e e sb e e s bt e s b e e sbeesbeesbeesbeesbeesbeenbeesbeesbeenreens 18
433.1 Preamble SCrambling COUE.........oouuiiiiiieiie bbb bbb saeas 18
433.2 PreambIe SIGNBIUNE. ... ..ottt st b et sb e sb e b e e sb e e b e sbeesbe e sbeenaeenaeas 19
4333 Preamble PAPR FEAUCLION..........oiiiiieiie ettt sttt sttt b e st sb e bbb e b 20
4334 Channelization codes for the MESSAgE PAMT .........oieiiiiiiiiee e 21
4335 Scrambling code for the MESSAGE PAT ........oieiiiiiiiii e 21
434 Common Packet ChaNNE]l COOES..........uiiuiiiieiee et sb e bbb saeenaeas 22
434.1 Access Preamble scrambling COOB.........oouiiiiiiiiiiie e e 22
4342 CD preamble SPreading COUE..........oiiiiie bbbt 22
4343 PCH preamble SIQNEIUINES. ........coiiiiie ettt sttt sttt st sb e b e b e b e b e sbeesbeesbeesaeenaeas 22
43431 ACCESS PreamMbIE SIGNBEUNE.......oviitie ettt sttt sttt sttt sb e sb e b e b e e sbe e sbe e sbe e sbeesbeesaeesaeesaeas 22
43432 CD Preamble SIgNBIUME......cueeteeiteeite ettt ettt et ettt et et ettt et et et 22
4344 Channelization codes for the CD MESSAJE PA.........cueiuireiriiiierie ettt 22
4345 Scrambling code for the CD MESSAPE P ......cc.eeiueiieiiiiiii sttt bbb 22
4.4 1Yo o 1= o o O TSSOV 23
441 Y Koo (B1F 1] aTe Mol o] oI = =TSP RURR RPN 23
442 1Y/ Lo o [0 = 1o o PP PR RRPPRRRRN 23
5 Downlink spreading and MOCUIBLION. ............oovieiieiieeieesee et 23
51 S 01152 o 1 0o PP PRSI 23
52 Code generation and allOCALTON ..........coiuiiiieiieiie ettt sttt st st e st e st eesbeesbeesbeesbeesreen 25
521 ChanNEliZaLTON COUBS .......ueiitiiitie ittt bbbt bbb e e b e s bt e sbe e sbeesbeesbeesaeesaeenaeas 25
522 SCraMBIING COUR.......veetiiitieitie et b bbb e bt e sb e sbe e sbeesbeesbeesaeesaeesaeas 26
523 SYNCNIONISALION COUES. .....eeitieitieitie ittt bbbt bbb e bt bt e sbe e be e sbeesbeesaeesaeenaeas 28
5231 (6010 SX €T o 1< £ 1 o] o PRSP 28
5232 L6000 SN I Lo o= 1o o F PRSP PRTR 29
53 1Y/ Loa 1= 1o o O TSRV 32
531 Y Koo (B1F 1] aTs Mot a1l oI = =S PPRPRRRRPRRRRN 32
53.2 /Koo 0= 1o o TSP TRRPRRRRN 32
Annex A Generalised Hierarchical Golay SEOUENCES ........ccviiiiiiiiiieesiee et 32
F N N L= g (YYo= 1< = o] RV 32
6 (o TS 0] RSO P PP UPR PR 35

3GPP



Spreading and modulation (FDD) 4 TS 25.213 vV2.2.01 (1999-89)

3GPP



Spreading and modulation (FDD) 5 TS 25.213 vV2.2.01 (1999-89)

Intellectual Property Rights

Foreword

This Technical Specification has been produced by the 3" Generation Partnership Project, Technical Specification
Group Radio Access Network, Working Group 1.

The contents of this TS may be subject to continuing work within the 3GPP and may change following formal TSG
approval. Should the TSG modify the contents of this TS, it will be re-released with an identifying change of release
date and an increase in version number as follows:

Version m.t.e
where:
m indicates [major version number]

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

y thethird digit is incremented when editorial only changes have been incorporated into the specification.

3GPP
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1 Scope

The present document describes spreading and modulation for UTRA Physical Layer FDD mode.

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 a specific reference, subsequent revisions do not apply.
For a non-specific reference, the latest version applies.

A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the

same number.
[<seg>] <doctype> <#>[ ([up to and including]{ yyyy[-mm]|V<a[.b[.c]]>} [onwards])]: "<Title>".
[1] EN 301 234 (V2.1 onwards): "Example 1, using sequence field".
[2] EG 201 568 (V1.3.5): "Example 2, using fixed text".

<doctype> <#>[ ([up to and including]{ yyyy[-mm]|V<d].b[.c]]>}[onwards])]: "<Title>".
EN 301 234 (V2.1 onwards): "Example 1".
EG 201 568 (V1.3.5): "Example 2".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply.

3.2 Symbols

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

<symbol> <Explanation>

3.3 Abbreviations

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

AICH Acquisition Indicator Channel

AP Access Preamble

BCH Broadcast Control Channel
BER— BitError Rate
BS— Base Station

CCPCH Common Control Physical Channel
CD Collision Detection

3GPP
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CPCH Common Packet Channel
DCH Dedicated Channel
BL—— Downlink

DPCH Dedicated Physical Channel

DPCCH Dedicated Physical Control Channel
DPDCH Dedicated Physical Data Chann

FDD Frequency Division Duplex

Mcps Mega Chip Per Second
MS———Mobile Statien

OVSF Orthogonal Variable Spreading Factor (codes)
PCH———Paging-Channel

PCPCH——Physical- Commeon-Packet Channel

PDSCH Physical Dedicated Shared Channel

P DProeessine Lol
PICH Page Indication Channel
PRACH Physical Random Access Channel
RACH Random Access Channel
RX————Receive
SCH Synchronisation Channel
SF Spreading Factor
SR S'.g' il o _I|_|te1 ference Ratio

bini i
TPC—— Transmit-Power Control
TX———Transmit

UE User Equipment

b Uplink

3GPP
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4 Uplink spreading and modulation

4.1 Overview

Spreading is applied aftermodulationto the physical channels. It consists of two operations. The first isthe
channelization operation, which transforms every data symbol into a number of chips, thus increasing the bandwidth
of the signal. The number of chips per data symboal is called the Spreading Factor (SF). The second operation is the
scrambling operation, where a scrambling code is applied to the spread signal.

With the channelization, data symbol on so-called |- and Q-branches are independently multiplied with an OV SF

code. -With the scrambling operation, the resultant signals on the |- and Q-branches are further multiplied by

complex-valued scrambling code, where | and Q denote real and imaginary parts, respectively.-Netethat-before
olexmultinheati tnan/~values-O-as mat and el

Channelization codes (OVSF) DPDCH gains
DPDCH, 4@_@_,
(BPSK)

DPDCH, 4@_@_,
(BPSK) S

DPDCH,, GZ} GZ}
(BPSK)

ﬁz HQ K ';“

DPDCH, G? G?
(BPSK)

DPDCH, .Gi) (2) )
(BPSK)

DPDCH, GQ GQ
(BPSK)

3GPP
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Channelization codes (OVSF) DPDCH gains

I |
cchd] G

DPDCH, Gi} Qi}
(BPSK)

DPDCH,
(BPSK) S

DPDCH,, GZ} GZ}
(BPSK)

DPDCH, GZ) (EZ) .
(BPSK)

DPDCH, GZ) <§2> .|
(BPSK)

DPDCH, GQ GQ
(BPSK)

DPCCH G@

(BPSK)

Figure 1 illustrates the principle of the uplink spreading of DPCCH and DPDCHs. The binary DPCCH and DPDCHSs

to be spread are represented by real-valued sequences, i.e. the binary value "0" is mapped to the real value +1, while
the binary value "1" is mapped to the real value —1. The DPCCH is spread to the chip rate by the channelization code
Ceno, While the n:th DPDCH called DPDCH,, is spread to the chip rate by the channelization code Cg, .. One DPCCH

—=Ccn,u.

and up to six paralel DPDCHSs can be transmitted simultaneously, i.e. 0£ n £ 6.

3GPP
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Channelization codes (OV SF) gain factors
b,
DPDCH, M
| |
Cm,s bd

S

TS 25.213 V2.2.01 (1999-89)

Figure 3. Spreading/modulation for uplink DPCCH and DPDCHs.

After channelization, the real-valued spread signals are weightedFhe-pewers-of-the BPDCHs-may-be-adjusted by gain

factors, b. for DPCCH and; by for al DPDCHs

At every instant in time, at |east one of the values b, and by_has the amplitude 1.0.Fhe-channelwith-maximum-power
hasdwaysb%@and&heethe%hweb%@where—rsm%he#ange—l—Z—N—e The b-values are quantized into

4 bit words.;-ane-tThe quantization steps are given in Table 1.

3GPP
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Signalling values for be and by | Quantized amplitude ratios b. and by
b g
15 1.0
14 0.93336-93%5
13 0.86666-875
12 0.800008-8125
11 0.73336-+5
10 0.66676-68%5
9 0.60008-625
8 0.53330-5625
7 0.46676-5
6 0.40008-43%5
5 0.33336-375
4 0.26676-3125
3 0.20008-25
2 0.13336-18%5
1 0.06676-125
0 Switch off

Table 1. The quantization of the gain parameters.

After the weighting, the stream of real-valued chips on the |- and Q-branches are then summed and treated as a

complex-valued stream of chips. This complex-valued signal is then scrambled by the complex-valued scrambling

code Cyamp. After pulse-shaping (described in TS 25.101), QPSK modulation is performed.

4.2.2

PRACH

The spreading and modulation of the message part of the rRandom-aAccess message part is basically the same as for
the uplink dedicated physical channels, see, where the uplink DPDCH and uplink DPCCH are replaced by the data
part and the control part respectively. The scrambling code for the message part is chosen based on the preamble code.

4.3

43.1

Channelization codes

Code generation and allocation

The channelization codes of Figure 3 are Orthogonal Variable Spreading Factor (OV SF) codes that preserve the
orthogonality between a user’s different physical channels. The OV SF codes can be defined using the code tree of

Figure 4.

Ca1=(1,1,1,1)
o=@y | e
co=(L,1-1-) |
s |
cis= (1,110 |
o= | L
cia=(11-11) [
e SF=2 SF=4

3GPP
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o1ty [
co=(LY) |
R e
c1o=(2)
Cs2=(1,-1,1,-1)
=1y |
Co= (11) [
o1 on woa

Figure4. Code-treefor generation of Orthogonal Variable Spreading Factor (OV SF) codes.

In Figure 4, the channelization©VSF codes isare uniquely described as Csr code numberks Where SF is the spreading factor

of the code and K is the code number, O £ k£ SF- 1 wheFeSFM%pF%en%s%hespreadmgﬂfaetepef—n‘h—DPDGH—'Fhen%he

The generation method for the channelization code ean-alse-be-explainednFigure4is defined as.

Cypo =1,

€C,oU_€, Cou_é 1u
é u=é a=é 1]
&an o - Gl gl -1
é Cz("ﬂ),o l;l é Cz",o Cz",o l;l
e u e u
g Cony g aCuo “Coo
g Cz("+1) 3 g Cz",1 Cz" 1 H
é C (n+1) 3 [j = é Cz",1 - Cz" 1 lj
é a é - a
é ua é a
@2("*1),2("”)-2 u @2",2" Cz",z" 1 u
@ ua é U
gcz("ﬂ),z("*l)-i a gcz",zn-l CZ",Z"-l a

The leftmost value in each channelization code word corresponds to the chip transmitted first in time.

QL—lz—]:
éCZJ l;I_ i(:l,l C:1,1 l;'_ éd 1u
u—=c U
éCZ,zﬂ @1,1 Cl,lg gl - 1H

3GPP
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§C4’1@ €C,,Cu 4 1 1 1u

€~ U & =0 & ¥

éC4,zlj_ng,1 2,10_2'- 1 -1-1;

?4,33 (f'Cz,z Cz,zl:' Eﬂ -1 1 - 1,

C.fl CosCorfi @ -1 -1 10

asl] €-22%-220 LT a
é C2"+1-1 l;l éczn-l CZ"-l l;l
e u e u
é C2n+1.2 u éCzn.1 CZ"-l U
? C2n+1.3 l;‘l ?CZH.Z Cz"-z l:'
€ c U_¢ec c__ U
e ~Fontl4 u e‘-’zn.z ~ono u
é ua é - - U
é ua é a
g:z"‘fl-z"ﬂ-l l:l g:z"-z" Cz"-z" l:l
8C2n+1.2n+1 H g:zn.zn Czl‘l 2n H

TS 25.213 V2.2.01 (1999-89)

For the DPCCH and DPDCHs the following applies:

Cos6.0.

the spreading factor of DPDCH,; and k= SFq; / 4nrumber{Sky ,+4-+1)

3GPP

- The DPCCH is aways spread by code Css phtmber1-n-any-code tree-as-deseribed-in-Seetion4-3-1 i.e. Cynp =

When only one DPDCH isto be transmitted, DPDCH,Fhefirst BPBCH is spread by code Cq 1 = Csrx Where SEis
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- When more than one DPDCH is to be transmitted, all DPDCHSs have spreading factors equal to 4. DPDCH, is
spread by the the code Cy,n = Cay, Wherek=1if nl {1,2}, k=3ifni {3,4},andk=2if n1 {5, 6}.

The channelization code for uplink is used to realize a multicode transmission and the user identification is done not

by channelization code but by scrambling code. So the number of channelization codes for uplink is at most the same
number of multi codes for one CCTrCH. So the channelization code assignment is not signalled by higher layers but
the predetermined value of layer 1.

4.3.2 Scrambling codes

4321 General

There are 2% upllnk scramblmg codei Either short or Iong scrambllng coda; should be used on the upllnk Iheeheﬁ

with complex-value.

The uplink scrambling generator (either short or long) shall be initialised by a 25 bit value. One bit shall indicate
selection of short or long codes (short = 1, long = 0). Twenty four bits shall be loaded into the scrambling generators
as shown in sections 4.3.2.2 and 4.3.2.3.

Initialisation Code

Mse Short/Long flag + Value v

LSB

V(23) | v(22) | v(21) | v(20) | V(19) | v(18) | V(17) | V(16) | V(1) | V(14) | V(13) | V(12) | V(1) | V(10) | W(9) | V(8) | V(7) | V(E) | W(5) | V(4) | V(d | V(D | V(1) | VO

short
Nlong

Figure6 - Initialisation Code for Uplink Scrambling generator

Both short and long scrambling codes are formed as follows:

Gscramb = Ca(Wo + jC2' W)

where wp and wy are chip rate sequences defined as repetitions of:

w = {1 1}
{1 -4

Wy

Also, C isa real chlp rate code and cz is adecimated vers on of the real Chlp rate code Co. —'Fheerete#eelreleeHﬂaﬂen

With a decimation factor 2, ¢,’ is given as.

3GPP
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' (2K) = ¢’ (2k+1) = cp(2k), k=0,1,2....

The constituent codes ¢; and ¢, are formed differently for the short and long scrambling codes as described in Sections
4.3.2.2and 4.3.2.3.
4.3.2.2 Long scrambling code

The long scrambling codes are formed as described in Section 4.3.2, where ¢, and ¢, are constructed as the position
wise modulo 2 sum of 38400 chip segments of two binary m-segquences generated by means of two generator
polynomials of degree 25. Let X, and y be the two m-sequences respectively. The x sequence is constructed using the
primitive (over GF(2)) polynomial X%+ X3+1. They sequence is constructed using the polynomial X2+ X3+ X2+ X+1.
The resulting sequences thus constitute segments of a set of Gold sequences.

The code, ¢,, used in generating the quadrature component of the complex spreading code is a 16,777,232 chip shifted
version of the code, ¢,, used in generating the in phase component.

The uplink scrambling code word has a period of one radio frame-ef-10-ms.

Let nys ... Ny bethe 24 hit binary representation of the scrambling code number n (decimal) with ny being the least
significant bit. The x sequence depends on the chosen scrambling code number n and is denoted X, in the sequel.
Furthermore, let x,(i) and y(i) denote the i:th symbol of the sequence x, and y, respectively

The m-sequences x, and y are constructed as:

Initial conditions:

Xn(0)=1g , Xn(1)= Ny, ... =X%(22)= Ny Xn(23)= Ny, Xn(24)=1
y(0)=y(1)= ... =¥(23)= y(24)=1

Recursive definition of subsequent symbols:

Xn(i+25) =%(i+3) + X,(i) modulo 2, i=0,..., 2%°-27,

y(i+25) = y(i+3)+y(i+2) +y(i+1) +y(i) modulo 2,i=0,..., 2*-27.

The definition of the n:th scrambling code word for the in phase and quadrature components follows as (the left most
index correspond to the chip scrambled first in each radio frame):

Crn= < Xn(0)+¥(0), Xa(1)+Y(1), ... %a(N-1)+y(N-1) >,

Con= < Xy(M)+y(M), Xo(M+21)+y(M+1), ..., Xo(M+N-1) + y(M+N-1) >,
again al sums being modulo 2 additions.

Where N isthe period in chipsand M = 16,777,232.

These binary code words are converted to real valued sequences by the transformation ‘0" ->*+1', ‘1’ ->*-1".

3GPP
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D

TEIEIEIEIEI DDDDDDDDDDEDDLT @
I

‘;l v Q

LLEIEIEIEIEIEI DDDDDDDDDD?DT @

D

Figure7. Configuration of uplink scrambling code generator

4.3.2.3 Short scrambling code

The short scrambling codes are formed as described in Section 4.3.2.1,where c1 and c2 are the real and imaginary
components of athe complex sequencespreading-code from the family of periodically extended S(2) codes.

The uplink short codes S(n), n=0,1,...255, of length 256 chips are obtained by one chip periodic extension of S(2)
sequences of length 255. It means that the first chip (S,(0)) and the last chip (S(255)) of any uplink short scrambling
code are the same.

The quaternary S(2) sequence z,(n), 0 £ v £ 16,777,2156, of length 255 is obtained by modulo 4 addition of three
seguences, a quaternary sequence a,(n) and two binary sequences bs(n) and c,(n), according to the following relation:

z(n) = a;(n) + 2by(n) + 2¢(n) (mod4), n=0,1,..., 254

The user index v determines the indexesr, s, and t of the constituent sequences in the following way:
v=t 2% +s 284+,
r=0,1,2, ..., 255
s=0,1,2, ..., 255,
t=0,1,2, ..., 255
The quaternary sequence a;(n) is generated by the recursive generator G, defined by the polynomial
Go(X)= X3+ X+ 3+ X+ 2x+1 as

a(n)= 3.a(n-3) +1.a(n-5) + 3.a(n-6) +2.a(n-7) + 3.a(n-8) (mod 4).
n=38...254.

The binary sequence bg(n) is generated by the recursive generator G; defined by the polynomial

()= xE+x+C+x+1 as

3GPP
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by(n)= bs(n-1)+ by(n-3)+ by(n-7)+ by(n-8) (mod 2).

The binary sequence c,(n) is generated by the recursive generator G, defined by the polynomial

B()= XE+X +XC+x*+1  as

c(n)= c(n-1)+ c(n-3)+ ¢(n-4)+ ¢(n-8) (mod 2).

An implementation of the short scrambling code generator is shown in Figure 8. Theinitial states for the binary
generators G; and G; are the two 8-bit words representing the indexes s and t in the 24-bit binary representation of the
user index v, asit is shown in Figure 9.

Theinitial state for the quaternary generator Gy is according to Figure 9 obtained after the transformation of 8-bit
word representing the index r. This transformation is given by

a(0) = 2v(0)+1 (mod4), a(n)=2v(n) (mod4), n=1,..7.

The complex quadriphase sequence S(n) is obtained from quaternary sequence z,(n) by the mapping function given in
Table 3.

The Re{Sv(n)} and Im{ Sv(n)} of the S(2) code are the pair of two binary sequences corresponding to input binary
sequences ¢; and ¢, respectively described in 4.3.2.

zv(n) Sv(n)

0 +1+j1
1 -1+j1
2 -1-j1
3 +1-j1

Table3. Mapping between S,(n) and z/(n)

Shift suspend after
every 256-th chip
cycle

z,(m S,(m)
D—v Mapper —_—

mod n addition

mod 4

®
X

multiplication

3GPP
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Figure8. Uplink short scrambling code generator

MSB User index v LSB

v@3) | v(22) | v2) | v20) | va9) | vas) | v

/ /Y 7\ /

o]

V(16) | v(15) | v(14) | V(13 | v(12) | V(1D) | v(10) | V(9) | V(8) | W(7) | V(6) | V(5) | V(4) | V(3 | V(D) | V(D) | V(O)

6 | ¢® | @ | ¢@ | 6@ | ¢ | 4O b(?) | b(6) | b(5) | b4 | b) | b | b)) | b(O)

‘ transformation ‘

Generator G, Generator G, ./ \,

‘%(7) a6 | a® | 3@ | a® | 3@ | a@) | a©

Generator G,

Figure9. Uplink short scrambling code generator state initialisation

The short scrambling code may;--+are-eases; be changed during a connection.

4.3.3 Random access codes

4.3.3.1 Preamble scrambling code

The scrambling code for the preamble part is as follows.

The code generating method is the same as for the real part of the long codes on dedicated channels. Only the first
4096 chips of the code are used for preamble spreading with the chip rate of 3.84 Mchip/s. The long code c1 for the
in-phase component is used directly on both in phase and quadrature branches without offset between branches. The
preamble scrambling code is defined as the position wise modulo 2 sum of 4096 chips segments of two binary m-
sequences generated by means of two generator polynomials of degree 25. Let x and y be the two m-sequences
respectively. The x sequence is constructed using the primitive (over GF(2)) polynomial X?+X3+1. They sequenceis
constructed using the polynomial XZ+X3+X?+X+1. The resulting sequences thus constitute segments of a set of Gold
sequences.

Let ny ... ng be the binary representation of the code number n (decimal) with ny being the least significant bit. The m-
seguences X, and y are constructed as.

Initial conditions:
Xn(0)=No_, Xo(1)= Ny, ... =X3(22)= Npp , Xa(23)= N3, Xn(24)=1
YO)=y(1)= ... =y(23)= y(24)=1

Recursive definition of subsequent symbols:

Xo(i+25) =Xa(i+3) + Xo(i) modulo 2, i=0,..., 4070,

y(i+25) = y(i+3)+y(i+2) +y(i+1) +y(i) modulo 2,i=0,..., 4070.

The definition of the n:th code word follows (the left most index correspond to the chip transmitted first in each slot):
Cracrin= <Xn(0)+¥(0), Xn(1)+¥(1), ....%:(4095)+y(4095) >,

All sums of symbols are taken modulo 2.

The preamble spreading code is described in Figure 10.
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MSB shift register 1 (25 bit) LSB
24 3 0
shift register 2 (25 bit) [ ’
24 | ... .| 3] 21]11|0
ExOR

Figure 10. Preamble scrambling code generator

Before transmission these binary code words are converted to real valued sequences by the transformation ‘0" -> ‘+1’,
13 11 _> i_ll i

4.3.3.2 Preamble signature

The preamble part consists of 256 repetitions of alength 16 signature,<P,,Py,...,P1s>. Before scrambling the preamble
istherefore

PO’Pl"”’P15’P0’P1"”’P15’ ...... ’PO’Pl"”’Pls

The signature is from the set of 16 Hadamard codes of length 16. These are listed in Table 5
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Preamble symbols

Signature Po |Pr |Po |[Ps |Ps |Ps |Ps [Py | Ps |Po [P | P | P | Pz |Pu|Ps
1 AlAJIAIAIAIAIAIAIAIAIA|IAIAAAA
2 Al-AlA|-AlA|-AIA|-AlA|-A|lA|-AlA|-A|A|-A
3 AlA|I-A|l-AlA|A|IA|I-AlA|A|A|-AlAA|-A|-A
4 A|l-Al-AlA|JA|-A|I-AIA|A|-A|-A|A|A|-A|-A|A
5 AlAIAIA|-A|I-A|I-A|I-AlA|A|A|A|-A|-A|-A|-A
6 A|l-AlA|-A|I-AlA|-AIA|A|-AlA|-A|-AA|-AA

7 A|lA|-A|l-A|-A|-AIA |A|A|A|-A|l-A|-A|-A|A A
8 A|l-A|l-AlA|-A|IAJA|I-A|A|-A|-A|A|-AA |A|-A
9 AlAIAIA|IAIATAIA|IAI-A|-A|-A|-A|-A|-A|-A
10 A|l-AlA|-AlIA|-AlA|-A|l-A|A|-A|IA|-AJA|-AA
11 AlA|I-A|l-AIA|A|A|I-A|l-A|-AlA|A|-A|-A|A A
12 A|l-A|l-AlAIA |- A|I-AIA|I-AlA|A|-A|-AA]A|-A
13 AlAJIA|IA|-A|I-A|-A|-A|-A|-A|-A|-A|A|A|A]|A
14 A|l-AlA|-A|l-AlA|-A|lA|-AlA|-A|lA|A|-AA|-A
15 AlA|I-A|l-A|-A|-AlA|A|-A|l-AlA|A|A|A|-A|-A
16 A|l-A|l-AlA|-AlA|A|-A|I-A|A|A|-AIA |-A|-A|A

Table4. Preamblesignatures

Thevalue of A = +1in bipolar representation which is equivalent to 0 in boolean representation.

Note: the Hadamard signatures are a working assumption.

4.3.3.3 Preamble PAPR reduction

In order to reduce the PAPR during RACH preamble transmission the following technique is used.

signature
generation

scrambling
generation

Figure 11 - Baseband modulator for RACH preamble.

-

i

<

The binary preamble a(k) is modulated to get the complex valued preamble b(k),

j B+Bk
bk) =ak) e 4 2

,k=0,1,2,3, ..., 4095.

3GPP

G}a(k)@——%ib(k)—»

11,1




Spreading and modulation (FDD) 21 TS 25.213 V2.2.01 (1999-89)

4.3.3.4 Channelization codes for the message part

The preamble signature s, 1 £ s £ 16, inthepreamble-specifiespoints to one of the 16 nodes in the code-tree that
corresponds to channelization codes of length 16-as-shown-in-Figure-11. The sub-tree below the specified nodeis used
for spreading of the message part. The control part{Q-braneh) is spread with the channelization code C, . of spreading
factor 256 in the lowest branch of the sub-tree, i.e. Cy ¢ = Cosem Where m = 16(s—1) + 15. The spread control part is
mapped to the Q-branch, similar to the DPCCH for dedicated channels.

The data part-{}-braneh}-can uses any of the channelization codes from spreading factor 32 to 256 in the upper-most
branch of the sub-tree. To be exact, the data part is spread by channelization code Cep, 4, Where Coh g = Csm @nd SF is
the spreading factor used for the data part and m = SF” (s— 1)/16.

SF=32 SF=128
SF=16 SF=64 SF =256
Data

Signaturel —»

Control

Data

Signature16 =—»

Control

4.3.35 Scrambling code for the message part

In addition to spreading, the message part is aso subject to scrambling with a 10 ms complex code. The scrambling
code is cell-specific and has a one-to-one correspondence to the spreadingscrambling code used for the preamble part.

The scrambling codes used are formed from the continuation of the sequences x, and y used for the preamble
scrambling code and described in 4.3.3.1. Specifically, the values x,(4096), x,(4097),...,X,(4295) and
y(4096),y(4097),...,y(4295) are generated according to the recursive relationsin 4.3.3.1 and used to form the nth
constituent codes,c; ,, and ¢, , (the left most index corresponds to the first chip scrambled in the message):

Crn= <X(4096)+Yy(4096), x,(4097)+Yy(4097), ..., X,(42495)+Yy(42495) >,

Ci2n= <Xn(M+4096)+Yy(M+4096), x,(M+4097)+Yy(M+4097), ....X,(M+42495)+y(M+42495) >,

where M is defined in Table 3. The scrambling code for the message part is then

QMSG n=Cin (W9+i c 2 nV_Vﬁ

where wy_and w, are defined in 4.3.2.1 and €', , is a decimated version of ¢,,as described in 4.3.2.1.

The generation of these codes is explained in Section 4.3.2.2. The mapping of these codes to provide a complex
scrambling code is also the same as for the other dedicated uplink channels and is described in Section 4.3.2.
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4.3.4 Common packet channel codes

<to-be defined>

4.3.4.1 Access Preamble scrambling code

<to-bedefined>

The access preamble scrambling code generation is done in the same way as for the PRACH with a difference of the

initialisation of the x m-sequence. The long code cs; for the in-phase component is used directly on both in phase and
quadrature branches without offset between branches. For the access preamble scrambling code this is done as follows:

Xn(0)=no_, Xn(D)=Ny1, ... Xp(7)= N7, Xp(8)= 1, Xn(9)=0 ,... , Xn(22)= 0,Xn(23)=1, X(24)=0

4.3.4.2 CD preamble spreading code

<to-bedefined>

The scrambling code for the access preamble is also used as the CD preamble spreading code. The 4096 chips from
4096 to 8191 of the code are used for the CD preamble spreading with the chip rate of 3.84 Mchip/s. The long code

Cps7 for the in-phase component is used directly on both in phase and quadrature branches without offset between
branches.

4.3.4.3 PCH preamble signatures-<to-be-defined>

4.3.4.3.1 Access preamble signature

The access preamble part of the CPCH-access burst carries one of the sixteen different orthogonal complex signatures
identical to the ones used by the preamble part of the random-access burst.

4.3.4.3.2 CD preamble signature

The CD-preambl e part of the CPCH-access burst carries one of sixteen different orthogona complex signatures
identical to the ones used by the preamble part of the random-access burst.

4.3.4.4 Channelization codes for the CD message part

<to-bedefined>

The signature in the preamble specifies one of the 16 nodes in the code-tree that corresponds to channelization codes
of length 16. The sub-tree below the specified node is used for spreading of the message part. The control part is
always spread with a channelization code of spreading factor 256. The code is chosen from the lowest branch of the
sub-tree. The data part may use channelization codes from spreading factor 4 to 64. A UE is alowed to increase its
spreading factor during the message transmission by choosing any channelization code from the uppermost branch of

the sub-tree code. For channelization codes with spreading factors less that 16, the node is located on the same sub-
tree as the channelization code of the access preamble.

4.3.4.5 Scrambling code for the CD message part

<to-bedefined>

In addition to spreading, the message part is also subject to scrambling. The scrambling code is cell-specific and has a
one-to-one correspondence to the spreading code used for the preamble part.

The scrambling codes used are from the same set of codes as is used for the other dedicated uplink channels when the
long scrambling codes are used for these channels. The long scrambling codes for 256 to 511 (Cps7 0 Cs15) Of the long
scrambling codes are used for the CPCH. The phases 8192 and above of the codes are used for the message part
(phases 0 to 4095 of cys7 are used in the access preamble spreading and phases 4096 to 8191 for the CD preamble)
with the chip rate of 3.84 Mchips/s.
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scrambling code is also the same as for the other dedicated uplink channels and is described in Section 4.3.2.

The generation of these codesis explained in Section 4.3.2.2. The mapping of these codes to provide a complex ‘

4.4 Modulation

4.4.1 Modulating chip rate

The modulating chip rateis 3.84 Mcps.

4.4.2 Modulation

In the uplink, the modulation of both DPCCH and DPDCH is BPSK. The modulated DPCCH is mapped to the Q-
branch, while the first DPDCH is mapped to the I-branch. Subsequently added DPDCHs are mapped alternatively to
the | or Q-branches.

5 Downlink spreading and modulation

5.1 Spreading

Figure 13 illustrates the spreading and modulation for the downlink DPCH. Data modulation is QPSK where each pair
of two bits are serial-to-parallel converted and mapped to the | and Q branch respectively. The | and Q branch are then
spread to the chip rate with the same channelization code ¢, (real spreading) and subsequently scrambled by the
scrambling code Cgyamp (cOmplex scrambling).

DPDCH ,/DPCCH —

scramb

A 4

DPDCH, —/» gp Cenz 14Q

\ 4

DPDCH,,

Figure 13. Spreading/modulation for downlink DPCH.

Spreading/modulation of the CPICH, Secondary CCPCH, PSCCCH, PDSCH, PICH and AICH isdonein an identical |
way as for the downlink DPCH.

Spreading/modulation of the Primary CCPCH is done in an identical way as for the downlink DPCH, except that the
Primary CCPCH istime multiplexed after spreading. Asillustrated in Figure 14. Primary SCH and Secondary SCH
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are code multiplexed and transmitted simultaneously during the 1% 256 chips of each slot. The transmission power of
SCH can be adjusted by a gain factor Gp.scry and Gs scy, respectively, independent of transmission power of P-CCPCH. The
SCH is non-orthogonal to the other downlink physical channels.

|
|
c
scram
P-CCPCH g
1+jQ

— conrol » S/P c, Ny

data

Lower position
during 256

% Q m
| chips per slot
—rg SIP < 63—%
1+jQ

_sson_ gp Con 9—®7
1+jQ o
.(%) .{ i
Q

Figure 14. Spreading and modulation for SCH and P-CCPCH

Figure 15 illustrates the detailed generation of an AICH access slot. Note that this is an example implementation.

The Al-part of the access slot consists of the symbol-wise sum of up to 16 orthogonal code words w1-w16, multiplied
by the value of the corresponding acquisition indicator Ali. The orthogonal code words wi,...,w16 are shown in Table
5.

0 _4 symbols/AS

Al1 (-1/0/+1)

wi 16 symbols/A 20 symbols/AS

> S |16 symbolS/AS .5~ > AICH
Al (-¥0/+1) Lower position: First 16 symbols (Al-part)

Wa : Upper position: Last 4 symbols (empty part)

Al (-1/0/+1)

W16 » ()

Figure 15. Schematic generation of AICH
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! Wi

1 A A A A A A A A A A A A A A A A
2 A A A A A A A A A A A A A A A A
3 A A A A A A A A A A A A A A A A
4 A A A A A A A A A A A A A A A A
5 A A A A A A A A A A A A A A A A
6 A A A A A A A A A A A A A A A A
7 A A A A A A A A A A A A A A A A
8 A A A A A A A A A A A A A A A A
9 A A A A A A A A A A A A A A A A
10 A A A A A A A A A A A A A A A A
11 A A A A A A A A A A A A A A A A
12 A A A A A A A A A A A A A A A A
13 A A A A A A A A A A A A A A A A
14 A A A A A A A A A A A A A A A A
15 A A A A A A A A A A A A A A A A
16 A A A A A A A A A A A A A A A A

Table 5 Definition of orthogonal vectorswl-w16 used in AICH:; A = (1+))

5.2 Code generation and allocation

5.2.1 Channelization codes

The channelization codes of Figure 13 and Figure 14 are the same codes as used in the uplink, namely Orthogonal
Variable Spreading Factor (OV SF) codes that preserve the orthogonality between downlink channels of different rates
and spreadl ng factors The OVSF codes are deflned inFigure4i in Section 4 3 1. —'Fhesame%&;meneﬂeﬂeede

The channelization code for the Primary CPICH isfixed to ¢ys56 0 and the channelization code for the Primary CCPCH
isfixed to Cy56 1. The channelization codes for al other physical channels are assigned by UTRAN.

The following restriction is set for the combination of SF and the maximal number of physical channels for multi-code
transmission for one CCTrCH from the viewpoint of trade-off between the required number of demodulators for UE
and difficulty in rearrangement of codesin OV SF.

The restriction rules are composed of the following four rules.

Rule 1: For required total symbol rate equal or less than 120ksps, single code transmission shall be kept.

Rule 2: For required total symbol rate equal or less than 480ksps, at most two codes transmission shall be kept.

Rule 3: For required total symbol rate beyond 480ksps, maximal SF shall be 16.

Rule 4: SF is the same for al codes of one CCTrCH in DL multicode transmission.

According to these rules, the concrete design examples for the combination of SF and the multi-code number are
shown in tbe next table.
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required total carrier symbol rate combination of SF and the multi-
code number N (SF,N) for one
CCTrCH.

15ksps (256.1)

30ksps (128,1)

60ksps (64.1)

120ksps 321

240ksps (16,1) or (32,2)

480ksps (8,1) or (16,2)
240ksps * 3(384kbps user) (4,1) or (8,2) or (16,3)
240ksps* 12 (2Mbps user) (4,3) or (8,6) or (16,12)

TS 25.213 V2.2.01 (1999-89)

Table 6 - design examples for the combination of SF and the multi-code number

When compressed mode is implemented by reducing the spreading factor by 2, the OV SF code of spreading factor
SF/2 on the path to the root of the code tree from the OV SF code assigned for normal framesis used in the compressed
frames. For the case where the scrambling code is changed during compressed frames, an even numbered OV SF code
used in normal mode results in using the even aternative scrambling code during compressed frames, while an odd
numbered OV SF code used in normal mode results in using the odd alternative scrambling code during compressed
frames. The even and odd alternative scrambling codes are described in the next section.

In case the OV SF code on the PDSCH varies from frame to frame, the OV SF codes shall be allocated such away that
the OV SF code(s) below the smallest spreading factor will be from the branch of the code tree pointed by the smallest
spreading factor used for the connection. This means that all the codes for UE for the PDSCH connection can be
generated according to the OV SF code generation principle from smallest spreading factor code used by the UE on
PDSCH.

In case of multicode PDSCH allocation, the same rule applies, but al of the branches identified by the multiple codes,
corresponding to the smallerst spreading factor, may be used for higher spreading factor allocation.

5.2.2

ThereareaA total of 2'%-1512x512 = 262,1434 scrambling codes, numbered 0...262,1423 can be generated. However
not all the scrambling codes are used. The scrambling codes are divided into 512 sets each of a primary scrambling
code and 15521 secondary scrambling codes.

Scrambling code

The primary scrambling codes consist of scrambling codes n=16*i where i=0...511. Thei:th set of secondary
scrambling codes consists of scrambling codes i+k*51216*i+k, where k=1...15511.

There is a one-to-one mapping between each primary scrambling code and 15511 secondary scrambling codesin a set
such that i:th primary scrambling code corresponds to i:th set of scrambling codes.

Hence, according to the above, scrambling codesk =0, 1, ..., 8191 are used. Each of these codes are associated with
an even alternative scrambling code and an odd alternative scrambling code, that may be used for compressed frames.
The even alternative scrambling code corresponding to scrambling code K is scrambling code number k + 8192, while
the odd alternative scrambling code corresponding to scrambling code K is scrambling code number k + 16384.
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The set of primary scrambling codes is further divided into 6432 scrambling code groups, each consisting of 816
primary scrambling codes. The jith scrambllng code group consists of primary scrambling codes 16* 8*|+16*k, where
j=0..63 and k=0..7j*

Each cell is allocated one and only one primary scrambling code. The primary CCPCH is always transmitted using the
primary scrambling code. The other downlink physical channels can be transmitted with either the primary
scrambling code or a secondary scrambling code from the set associated with the primary scrambling code of the cell.

The mixture of primary scrambling code and secondary scrambling code for one CCTrCH is allowable.

<Editor’s note: it is not standardised how many scrambling codes a UE must decode in parallel.>

The scrambling code sequences are constructed by combining two real sequences into a complex sequence. Each of the
two real sequences are constructed as the position wise modulo 2 sum of 38400 chip segments of} two binary m-
seguences generated by means of two generator polynomials of degree 18. The resulting sequences thus constitute
segments of a set of Gold sequences. The scrambling codes are repeated for every 10 msradio frame. Let x and y be
the two sequences respectively. The x sequence is constructed using the primitive (over GF(2)) polynomial 1+X"+ X8
They sequence is constructed using the polynomial 1+X+X"+ X0+ X8

. .- i i inc thel
sgmﬁeant—bﬁ—The X sequence depends on the chosen scrambl i ng code number n and is denoted Xn, 1N the sequel.
Furthermore, let x,(i) and y(i) denote the i:th symbol of the sequence x, and y, respectively

The m-sequences x, and y are constructed as:

Initial conditions:

Xo_iS constructed with X5(0)= X (1)=...= X9 (16)=0, %o (17)=1

%k O)=Ro Xk ==Xl 16} =ue Xk EH=Hu7

Y(0)=y(D)= ... =y(16)= y(17)=1

Recursive definition of subsequent symbols:

Xn(i+18) =X,(i+7) + X,(i) modulo 2, i=0,...,2'8-20,

y(i+18) = y(i+10)+y(i+ 7)+y(i+5)+y(i) modulo2,i=0,..., 2'%-20.

Xn is constructed with the following equation.

Xa(i) =Xo((i+n) modulo 2'%-1), i=0.,...,2'%-2

The n:th Gold code segquence z, is then defined as
Z:(i) = xa(i) + y(i) modulo 2, i=0,..., 2'%-2.
These binary code words are converted to real valued sequences by the transformation ‘0’ ->*+1', ‘1’ ->*-1".

Finally, the n:th complex scrambling code sequence Cerams iS defined as (the lowest index corresponding to the chip
scrambled first in each radio frame): ( where N is the period in chips and M is 131,072)

Note that the pattern from phase 0 up to the phase of 38399 is repeated.
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Figure 16. Configuration of downlink scrambling code generator

5.2.3 Synchronisation codes

523.1 Code Generation

The Primary code sequence, C, is constructed as a so-called generalised hierarchical Golay sequence. The Primary
SCH is furthermore chosen to have good aperiodic auto correlation properties.

Letting a= <xy, X2, X3, ..., X1 =<0,0,0,0,0,0,1,1,0,1,0, 1,0, 1, 1, 0> and

b:< Xl,Xz,--,Xgaxle]_O""ilﬁ >

The PSC code is generated by repeating sequence ‘a modulated by a Golay complementary sequence.
Letting Y =< a,8,8,8,8,8,8,8,a,3,,8,8,8,a,a >

The definition of the PSC code word C,, follows (the left most index corresponds to the chip transmitted first in each
time slot):

Cp:<y(0) vy(l) ,y(2) e 1y(255)>

are constructed as the position wise addition modulo 2 of a Hadamard sequence and the sequence z
The Hadamard sequences are obtained as the rows in a matrix Hg constructed recursively by:

Ho =(0)
_ @1 Hiad

= 2 k31
He.1 Hik1g

Hy

The rows are numbered from the top starting with row O (the all zeros sequence).

The Hadamard segquence h depends on the chosen code number n and is denoted h,, in the sequel.
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This code word is chosen from every 16" row of the matrix Hg implying 16 possible code words given by n
=0,16,32,48,64,80,96,112,128,144,160,176,192,208,224,240.

Furthermore, let h,(i) and z(i) denote the i:th symbol of the sequence h, and z, respectively.

The definition of the n:th SCH code word follows (the left most index correspond to the chip transmitted first in each
slot):

Cscrn= < y(0)+Z0), hn(1)+2(1), hn(2)+2(2), ....hn(255)+2(255) >,
All sums of symbols are taken modulo 2.

These PSC and SSC binary code words are converted to real valued sequences by the transformation ‘0’ ->*+1', ‘1" ->
1.

The Secondary SCH code words are defined in terms of Csch,n and the definition of {Cy,...,Ci6} now follows as:
Ci = CSCH,i , i:1,...,16

5.2.3.2 Code Allocation

The 6432 sequences are constructed such that their cyclic-shifts are unique, i.e., anon-zero cyclic shift less than 15 of
any of the 6432 sequencesis not equivalent to some cyclic shift of any other of the 6432 sequences. Also, anon-zero
cyclic shift less than 15 of any of the sequencesis not equivalent to itself with any other cyclic shift lessthan 15. The
following sequences are used to encode the 6432 different scrambling code groups (note that ¢; indicates thei’th |
Secondary Short code of the 16 codes). Note that a Secondary Short code can be different from one time slot to another
and that the sequence pattern can be different from one cell to another, depending on Scrambling Code Group the cell
uses.

Serambling Slet-Number

Cede

Groups |72 | #2 |#8 | #4 | #5 [#6 |#7 |#8 |#9 |#M0 i |2 |3 |4 | #15
Groupt Gy Gy (=% Gg Gy Cio Cis Gg Cyo Cis (=% (o= (&) c; Cie

Group2 Gy (o3 Gs (o3 GC3 G G Gy Gg Gy GCs Gs Gg Gs Gs
Group-3 Gy GC3 Cp |G |Gk |G Cuy |G | & Gs Cw |G Cs |G S
Group4 Gy Gs G Ciz | & Gy Gy Gy Gs Cu |G Cs |G |[Gu |G
Group-5 Gy Gy Ci | G Gg Gy GC3 Cu |G Gs GCg Gs Cu |Cu |Cu
Group-6 Gy Gy Cis | Cu |GCs Cn |G Cis |G Gy Cuy |G G; Gy Cp2
Group+ Gy G Ciz | G (o3 Cuy |[Cn |& Cn |G Cu |[Gu |Gu |GCs | Gs
Group-8 Gy Ci |G Cw |G |G Gs Gs Cuy |G Gs Cuy |G (o3 Cuiz
Group9 Gy Cn |G Gy Cu |CGu |[Cw |G (o3 GC3 Cn |G GC3 Gy Cuo
Greup10 Gy Gs Gy Cu |G |G |G Cs |[Cu |& G Ci |G Cw | &
GrouptL Gy Cu | Gs Cs |G Gs (=% Gs Cs |[Cis |G | & Cp [Cn |G
Group2 Gy Gg Cw |G Cn |G Gy (o3 Gs Cu |G |G Gs Ci | Cu
Group13 Gy Cis |G Gs Cis |G |Gs Cn |G Cp |G |[GCw |G |Gs Gs
Greup14 Gy Ci | GCs Gy Gs Gy Cp |Gz |Gz | Gs Gy Cn |G Gs S
Group15 Gy Cuy |[Cu |G | & Cs |G |G Gy Ciz |G Ci |G GC3 S,
Group16 Gy Cw |[Gu |G Cuy | Gg Cu |[Cu |G |Cuw | & Gg Gy Cis | &
Greup (o3 Gs Gg Cuy |G (o3 Cw |[Cw |Gs Cn |G C |Cu |G |G
Group18 (o3 Gs GC3 Cp |[CGu |G |G& Cis |G |G GCg Cuy |G Gy Gs
Greup19 (o3 Gg Cuy | G Gy Ciz |[Gu |G Cu |G Cp |G |G |Gu | &
Greup-20 (o3 (o3 Gy G Cw | G G | & Gy Cis |G Gg Ci | G Cis
Greup-21 (o3 Cuy |G |G Gy Gy Gs Gs Ciz | & GCs Ciz |[Cw |G Cu
Greup-22 (o3 G Gy Gg Cu |G GC3 Gy Gs Ciz |G |G |Gs Cis | G2
Greup-23 (o3 Gy Cu |CGu |G |Gs Ci |G Gg Gs Gy Gy Cs |G G
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Growp24 | S, |Cw |Ss |G S |Cw |[S [Cn |S |G |S [S |Gz |Ss |G
Growp2s | S, |G | S |G |G |G |Ss |Cw |Cuw |S |Cw |[Sn |S |G | Cw
Growp26 | S, |G |G |G |G |G |G |& |& |& |6 |G |& |6 |
Growp2? | S | Cw |S: |G |Cw |Cw | S |Cu |S: |[Cn |Cu |G |G |& |G
Group28 | S | S | S | Cm |G | Cu |G | Cw |Cw |Sw |Cw | |G |G | eu
Growp29 | S, | Cn |G |Cw |S |G | S |G |Cw |Sw |Cs |S |©6n |Cu |G
Grop30 | S |Cu |S |Cw |Cz |Gz |S |G |© |S |Cu |G |6 |Gw |G
Growp3t | S, |G | Sz |G |Sw | S |Cz |S: |Gk |G |G |[S |6 |Gw | &
Group32 | S; | Cwm | S | Cs | S | Cw |Cuw |G |G |Cuw |G |Gk |6 |6 | &
[SyeBTSt | S | Cu |Su | S |G |Cu |S |G |G |G |G |G |G |Sw | Cwe

Scrambling slot number
Code Group #1|  #2|  #3| #4| #5| #O| #7| #8| #9| #10| #1l) #12) #13| #14| #15

Group 1 1 1 2 8 9 10 15 8 10 16 2 7 15 7 16

Growp2 |1 |1 |5 | |7 [3 |14 | [3 |10 |5 |12 |14 |12 |10

Group 3 1 2 1 15 5 5 12 16 6 11 2 16 11 15 12

Group 4 1 2 3 1 8 6 5 2 5 8 4 4 6 3 7

Group 5 1 2 16 6 6 11 15 5 12 1 15 12 16 11 2

Group 6 1 3 4 7 4 1 5 5 3 6 2 8 7 6 8

Group 7 1 4 11 3 4 10 9 2 11 2 10 12 12 9 3

Group 8 1 5 6 6 14 9 10 2 13 9 2 5 14 1 13

Growp9 |1 |6 |10 10 |4 |1 7 |18 |16 |11 |13 6 |4 |1 |16

Group10 |1 6 3 2 1 2 6 5 5 3 |10 |9 1 14 10

Group 11 1 7 8 5 7 2 4 3 8 3 2 6 6 4 5

Group 12 1 7 10 9 16 7 9 15 1 8 16 8 15 2 2

Group 13 1 8 12 9 9 4 13 16 5 1 13 5 12 4 8

Group 14 1 8 14 10 14 1 15 15 8 5 11 4 10 5 4

Group 15 1 9 2 15 |15 |16 |10 7 8 1 10 |8 2 16 9

Group 16 1 9 15 6 16 2 13 14 10 11 7 4 5 12 3

Groupl7 |1 |10 9 11 |15 |7 6 (4 |16 |5 |2 |12 |13 |3 |14

Group 18 1 1 |14 |4 13 2 9 10 (12 |16 |8 5 3 15 6

Group 19 1 12 12 13 14 7 2 8 14 2 1 13 11 8 11

Group 20 1 12 |15 |5 4 14 3 16 7 8 6 2 10 (11 |13

Group 21 1 15 4 3 7 6 10 13 12 5 14 16 8 2 11

Group 22 1 16 3 12 11 9 13 5 8 2 14 7 4 10 15

Group 23 2 2 5 10 (16 (11 |3 10 (11 |8 5 13 |3 13 |8

Group 24 2 2 12 |3 15 5 8 3 5 14 |12 9 8 9 14

Group 25 2 3 6 16 12 16 3 13 13 6 7 9 2 12 7

Group 26 2 3 8 2 9 15 |14 3 14 9 5 5 15 |8 12
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Group27 |2 4 7 9 5 4 9 1 2 14 |5 14 |11 |16 |16
Group28 (2 4 13 |12 |12 (7 15 10 |5 2 15 |5 3 7 4
Group29 (2 5 9 9 3 12 8 14 |15 |12 14 |5 3 2 15
Group30 (2 5 1 7z 2 1 9 4 16 |7 16 |9 14 14 |4
Group31l (2 6 2 3 3 3 12 9 7 16 |6 9 16 B |12
Group32 |2 6 9 7 7 16 B |3 12 2 3 |12 |9 16 |6
Group33 |2 7 12 |15 |2 12 |4 10 |13 |15 B |4 5 5 10
Group34 (2 7 14 16 |5 9 2 9 16 |11 |11 |5 7 4 14
Group35 |2 8 5 12 |5 2 14 |14 |8 5 3 9 12 |15 |9
Group36 |2 9 3 |4 2 3 8 1 6 4 6 8 15 |15 |1
Group37 (2 10 3 2 13 |16 |8 10 8 3 |1 j1 |16 3 5
Group38 (2 1 15 |3 1 16 14 |10 |15 |10 6 7 7 14 3
Group39 (2 16 |4 5 16 |14 |7 1 4 1 14 |9 9 7 5
Group40 (3 3 4 6 1 |12 |13 |6 12 14 |4 5 3 |5 14
Group4l (3 3 6 5 16 |9 15 |5 9 10 |6 4 15 |4 10
Group42 (3 4 5 14 4 6 12 |13 |5 3 |6 1 1 |12 |14
Group43 (3 4 9 16 |10 |4 16 |15 |3 5 10 |5 15 |6 6
Group44 (3 4 16 |10 |5 10 |4 9 9 16 |15 |6 3 5 15
Group4s (3 5 12 |11 |14 |5 1 13 |3 6 14 6 3 |4 4
Group46 (3 6 4 10 6 5 9 5 /4 15 |5 16 |16 |9 10
Group4d7 (3 7 8 8 6 |11 |12 4 15 11 |4 7 16 |3 15
Group48 (3 7 16 |11 |4 5 3 15 |11 12 |12 |4 7 8 16
Group49 (3 8 7 5 /4 8 5 12 |3 16 |4 6 |12 |1 |11
Group50 3 8 5 /4 16 |4 8 7 7 15 |12 j11 |3 16 |12
Group51 (3 10 |10 |15 |16 |5 4 6 16 |4 3 15 9 6 9
Group52 (3 13 11 |5 4 12 |4 1 16 6 5 3 14 B |12
Group53 (3 14 7 9 14 |10 |13 |8 7 8 10 |4 4 3 9
Group54 |5 5 8 14 |16 |13 |6 14 113 |7 8 15 |6 5 7
Group55 5 6 1 7z 10 8 5 8 7 12 |12 |10 |6 9 1
Group56 |5 6 3 8 3 |5 7 7 6 6 |14 |15 |8 16 |15
Group57 |5 7 9 10 7 1 6 12 9 12 |11 |8 8 6 10
Group58 (5 9 6 8 10 9 8 12 |5 1 |10 j11 12 |7 7
Group59 5 10 |10 |12 |8 1 9 7 8 9 5 12 6 7 6
Group60 5 10 |12 |6 5 12 8 9 7 6 7 8 1 11 |9
Group61 (5 13 |15 |15 |14 8 6 7 16 |8 7 3 |14 |5 16
Group62 (9 10 |13 |10 (11 15 |15 |9 6 |12 |14 |13 |16 |14 |11
Group63 |9 1 |12 |15 12 |9 3 |8 |11 |14 |10 (16 |15 |14 |16
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Group64 |9 12 J10 [15 [13 [14 |9 14 [15 11 [11 [13 (12 [16 10

SyncBTS |9 12 |16 |16 |10 |15 |11 |13 (14 [15 (13 |12 |10 |9 |14

Table9 Spreading Code allocation for Secondary SCH Code, theindex “i” of the code C;

5.3 Modulation

5.3.1 Modulating chip rate

The modulating chip rateis 3.84 Mcps.

5.3.2 Modulation

QPSK modulation is used.

Annex A Generalised Hierarchical Golay Sequences

A.1 Alternative generation

The generalised hierarchical Golay sequences for the PSC described in 5.2.3.1 may be also viewed as generated (in
real valued representation) by the following methods:

Method 1.

The sequencey is constructed from two constituent sequences x; and x, of length n; and n, respectively using the
following formula:

Y(i) = Xo(i mod np) * x;(i divny),i=0..(n* ny) -1
The constituent sequences x; and X, are chosen to be the following length 16 (i.e. n; = n, =16) sequences:

X, is defined to be the length 16 (N‘Y=4) Golay complementary sequence obtained by the delay matrix DY) = [8, 4,
1,2] and weight matrix W® = [1, -1, 1,1].

X, isageneralised hierarchical sequence using the following formula, selecting s=2 and using the two Golay
complementary sequences X3 and x4 as congtituent sequences. The length of the sequence x; and x4 is called n;
respectively n,.

X2(1) = Xq(i mod s+ s*(i div sng)) * x3((i divs) modng),i =0... (Ng* ny) -1
X5 and X4 are defined to be identical and the length 4 (N®= N®=2) Golay complementary sequence obtained by
the delay matrix D® = D® =1, 2] and weight matrix W& = w® =1, 1].

The Golay complementary segquences X;,X3 and X4 are defined using the following recursive relation:

ag(K) = d(k) and bo(k) = d(k)

an(K) = ana(k) + WO, by (k-DYy)

br(K) = ana(K) - WO, by s (k-DYy)
k=0,1,2, ..., 2**N? -1,
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The wanted Golay complementary sequence x; is defined by a, assuming n=N®. The Kronecker delta function is
described by d, k,j and n are integers.

Method 2

The sequencey can be viewed as a pruned Golay complementary sequence and generated using the following
parameters which apply to the generator equations for aand b above:

(@ Letj=0,NO=8
(b) [D:°,D.°,D:",DL,Ds’,De’,D;’,Dg’] = [128, 64, 16, 32, 8, 1, 4, 2]
© [WAo W2 Wal Wi We? W W2 W] = [, -1, 1, 1,1, 1, 1, 1]

(d) Forn=4,6,set byK) = ay(K), bs(K) = as(K).
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