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1. Introduction

The Operators Harmonization Group recommendations imply a change of the number
of slots per radio frame from 16 to 15. This document concerns the impact of this
change for the synchronization and cell search process, and the encoding of scrambling
code groups in particular. In [1] a proposal was made to use code words from a (15,3)
Reed-Solomon code over an alphabet of size 16; this adapts the original RS(16,3) code
to the 15 slot radio frame. In this document we show that the impact of this change on
cell search performance is very small, and we present a text proposal documenting
these changes in the 3GPP RAN documentation, Sections 25.211 and 25.213 [2][3].
The text proposal assumes 32 code groups. There is a proposal from Ericsson [4] under
discussion, which may result in a larger number of code groups (64, 128, or 256), in
which case the additional group code words will be included. Note that there are 272
comma-free code words in RS(15,3).

2. Simulation results

We compare performance of Stage 2 of the cell search process for the original RS(16,3)
based comma-free code words, with the performance of the newly proposed code words
from an RS(15,3) code. The RS(15,3) code has a minimum distance of 13 between code
words, whereas the RS(16,3) code has a minimum distance of 14.

Interference is modeled as AWGN in our simulations, and we consider a single path
Rayleigh fading channel with mobile speed of 3Kmph. 32 scrambling code groups are
assumed. One frame (10ms) of accumulation is assumed for both cases, and coherent
detection is employed. The result is shown in Figure 1, where the probability of correct
detection in Stage 2 is plotted against total SCH SNR. As can be seen, the impact on
Stage 2 performance of going to an RS(15,3) code is minimal. This difference will tend
to become even smaller when all three stages of the cell search process are considered
together.
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Figure 1. Comparison of Stage 2 performance

3. Text proposal

------------------- Begin text proposal for section 5.3.3.3 of $25.211------------
5.3.3.3 Synchronisation Channel

The Synchronisation Channel (SCH) is a downlink signal used for cell search. The SCH
consists of two sub channels, the Primary and Secondary SCH. Figure 1 illustrates the
structure of the SCH and the transmission timing relationship with the Primary
CCPCH:
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Figure 1: Structure of Synchronisation Channel (SCH).

The Primary SCH consists of a modulated code of length 256 chips, the Primary
Synchronisation Code, transmitted once every slot. The Primary Synchronisation Code
is the same for every cell in the system and is transmitted time-aligned with the period
where the Primary CCPCH is not transmitted as illustrated in Figure 1.

The Secondary SCH consists of repeatedly transmitting a length 46 15 sequence of
modulated codes of length 256 chips, the Secondary Synchronisation Codes,
transmitted in parallel with the Primary Synchronisation channel. Each Secondary
Synchronisation code is chosen from a set of 47 16 different codes of length 256. This
sequence on the Secondary SCH indicates which of the 32 different code the cell's
downlink scrambling code belongs. 32 sequences are used to encode the 32 different
code groups each containing 16 scrambling codes.

The primary and secondary synchronization codes are modulated by the symbol a
shown in Figure 1, which indicates the presence/ absence of STTD encoding on the
PCCPCH and is given by the following table:

PCCPCH STTD encoded a=+1
PCCPCH not STTD encoded a=-1

------------------- Begin text proposal for section 5.2.3.2 of $25.213 ------------
5.2.3.2 Code Allocation

The 32 sequences are constructed such that their cyclic-shifts are unique, i.e., a non-
zero cyclic shift less than 46 15 of any of the 32 sequences is not equivalent to some
cyclic shift of any other of the 32 sequences. Also, a non-zero cyclic shift less than 16 15
of any of the sequences is not equivalent to itself with any other cyclic shift less than 16
15. The following sequences are used to encode the 32 different scrambling code groups
(note that ci indicates the i'th Secondary Short code of the 17 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.

Scramblin Slot Number

g—Code | #1 #2 #3 #4 #5 +#6 #7 #8 #9 #10 | #41 | #2 | #13 | #4 | #15 | #16
Groups

Groupl C, C, G, Cu | GCs [ Cis | G Cg Cs Gz Cis | G Ce Cu |G
Group2 G, [ Gy Cs Ci Cu Cig Ci3 Cu (&) [ Gy [ G, Cie Cie
Group3 C, Cs Cis [Cw |[Cu |C Cu |G Cu | Cw |Gk |G Gy Ci |G Ciz
Group-4 G, Cy GCs [ G, Cig Gy Cs Cy Cuy Cu Cuy Cyz Cg Co Cyo
Group5 Gy Cs Ciz [Cws | GCs Ca Gz Cu | Gs Cis | Cs Cs Cis | Cs Cu | G2
Group-b G, Cs [ Cs Gy Co GCs Cs GCs Gy [ [ Cis Cis S, [
et C, [ Cio Cu Cy3 Gy S [ Sy Cs Gy Cy3 Cu Cio [ C
Group-8 G, Cs Gy Cs Gy Cs G, Cis Ci Cs G, Gy Ci3 GCs [ Cis
Crene ) C, [ Sy Cis Gy Cis Cis [N Cis [ Sy C Ci Gy Gy Cp
Sreupdo | £ Cw |Cu | S Cs [ Cu |Cw |G Sy Cs Cie [Cu |G [GCs So
G‘FOH-p—l—]: G, Cu Gy Cie Cyp Cis Cyp Cie Gy Cu G, (o Cyg Gy Cyg (o
Group 12 | C, Cp |Cu |[6Cs Cis | Gs Cw |GCs Gz Ciz |[Cu |Gy |G S Cis || Cs
GFGH-B—]S G, Cy3 G, Cyy (o Cyy Cg Cu Cyo Cis Cyo Cyu Cg Cyy (oA Cyy
GF@HB—]A- C, Cyy Cg Co C; Cs Cs Gy Cyis Ciz Cs Cs [ So Cg Cu
GFGH-B—]% G, Cis Cys C, Cyu Ci3 Gy G Cyg (o G, Cyg G Gy Ci3 Cyu
GFGH-B—]:@ (o) Cyg Csg Cyg Cys Cy G, Cyp G, Cy Cys Cyo Gy Cyg c, Cg
GFGHB—]-J G; G;Z 912 GQ GQ G;Q G}Z G; Gg G@ G;.l G4 G4 G;.l G@ Gg
GFGH-p—lg G, Cq Cyu Cis Cyy C, Gy Cyg Cyo Gy G, Cyy Cis Cyu Cg G,
Corene S, Sy C [ C Sy (A Cis Cus [ Cu c8 Cu Cs Ciz Cie
G‘FGH-p—gg G, Cyg GCg Cie Csg Cyy Cyy Gy Cyg Cq Cyo G, Ci3 G, C, Ci3
GFGHB—Z—]: C, Cyy Cig Cg Gy Cg Cig Cyy S, Cio Cs Ci3 G Cus Ce Cio
GFGHB—ZQ C, Cyi Csy Cyy Cy3 Cig Cy3 Cyy Csy Cyu C, C; Cy Cg Cy C;
GFGH-B—Q@ G, Ci3 Cyp Gy Cyy Cy Cyu G GCg Cyy Cys G, Cyg (o Cie Gy
GF@HB—24 C, Cyy C, Cy Cy Cig Gy Gy Cu Cig Cyy Ci [N Cis Cy C
GFGH-B—Q% G, Cis Gy Cyg GCg G Gy C, Cyy C, Gy (o Cg Cyo Gy Cys
] S, Cis Cis [ Cp Cu Cs [ [ [ Cs [ Gy Cs Cu Ciw
GFGH-B—Q—? G, Cyy (o Cu Cyg Gy (o Ci3 (o Gy Cyg Cyu G Cyy (o Gy
G{—eu-p—ZS G, C, Ci3 (oA (o Ci3 G, (oA (o Cy Cyp Csg Gy Cyp C; (o
GFGHB—Z—Q C, (o C3 Ci Cy Cy Cyg Cg Cy Cy c8 Cyg Cy Cy Ci C3
GFGH-B%Q G, (oA Cyo Gy Cyu Cyi Cyy Cyy Cyp Cu Gy Cyo (oA G, Cyy Cyy
Corenn ol S, [N Gy Ci3 Cis S Cp Cs Cis Ciz [ Gy G Cu Gs Cu
GFGH-B%Q G, Gy Gy Gy G, Cu Cio Cy G, Cis Gy Cis [ Gy Gy Cu
[SyneBTS | €2 Csg Cuy Cuy Cs C, Cg Cis Gy Cyz Gy Gy Cyz Gy Cis Cg
Scramblin Slot Number |

g Code | #1 #2 #3 #4 #5 #6 H#7 #8 #9 #10 | #11 #12 | #13 | #14 | #15
Groups

Groupl C, C. C Cs Cy Cio Cis Cs Cipo Cis Co Cr Cis Cy Cis
GroupZ Cy C, Cs C, Cs C, C, Cy Cs Cy Cs Cs Cs Cs Cs

Group 3 C, Cs Cp Cp Cis Cs Cu Cio Cr Cs Cipo Cs Cis C, Cy

Group 4 Cl Cs C7 C13 C7 C1 Cg Cg C5 C11 C3 C15 Cl3 Cll ClS

GrOUp 5 C, Cy Cis Cs Cg Cy Cs Cy C; Cs Cs Ce Cu Cu Cu

Group 6 Ci C4 Cis | Cuu | GCs C | Ce Cis | G Co Cu |G C; C4 Cu

Group 7 C, Cy Cuis C. Co Cu Cp Cy Cp C. Cu Cu Cu Cuis Cs

Group 8 Ci Cis Co Cio Cuo C, Cs Ce Cu Cy Cs Cu Co C, Cis

Group 9 Ci Cip Ci Co Cu Cn Cuo Cy4 C, Cs Cuo | C4 Cs Co Cio

Group 10 C, Ce Cs Cu Cuis Cis C, Cis Cu Cy Cy Cuis Ce Cupo Cs
Group1l | G Cu | GCe Cs |G Ce Gy Cs Cs |Cis | Cis | Co Cw |Cp |GCs

Group 12 C, Cs Cupo Cy Cp Cs Cs C. Cs Cu Cis Co Cs Cis Cu
Group13 | G Cis | Cs Ce Cis | Ciz | Cs C | G Cio | Ciz [Cio [Ciwo |Cg Ce

GrOUp 14 C, Cis Cg Cy Cs Cy Cis Cis Cis Cg Cy Cp C, Cs Co

GrOUp 15 C; Cu Cuy Cis Cy Cis Cis Cs Cy Cis C; Cis C, Cs C,

Group 16 Ci Cio Cu Cs Cu Ce Cu Cu Cis Cio (o Cs Cy4 Cis Cy

Group 17 C Ce Cs Cu Cs C. Cipo Cio Cs Cn Cs Cis Cu Cp Cis

Group 18 C, Cs Cs Cop Cu Cis C, Cis Co Ce Cs Cu Cs Co Cs

Group 19 C Cs Cu C. C, Cis Cu Cs Cu C. Cp Cp Cis Cu Cy

Group 20 C, C, C: Cs Cio Co Cie C; Co Cis Ci Cs Cis Cs Cis

Group 21 C, Cu Cuo Co Co C, Ce Cs Cis C, Ce Cis Cio Ci Cu




Group 22 Co Cy Cy Cs Cu Cs Cs C. Cs Cis Cis Cupo Ce Cis Cp

Group 23 C, Cs Cu Cu Cis Cs Cis Co Cs Cs Co Cy4 Cis C> Cs

Group 24 Cz ClO C15 C4 C7 ClO C4 Clz Cz Cs C7 C5 C12 C13 C13

Group 25 Co Cis Cy Cs Cs Cs Cis Cu Cu Cy Cupo Cu C. Cs Cio

Group 26 C, C, Cs C, (o Cs Cs C, C, Cs Cs Cs C, Cs Cy

Group 27 Co Cis Cs Cs Cis Cu Cy Cu Cs Cu Cu Co Co Cy Cs

Group28 | G, Cs Cws [ Ciz |GCs Cu | GCs Cis | Cio [Cio [Ciz |Co Ce Cs Cu

Group 29 Cz Clz C5 Clg Cz C5 C1 Ce C15 C16 C15 Cl Cll Cll CG

Group 30 C, Cu C, Cuo Ci Cu Co Cs C: Cs Cu Cs C4 Cio Cy

Group 31 Cz Cg C12 Ce C13 C7 C12 013 C16 Cg C3 C7 C3 Cle CZ

Group 32 Co Cis Cuis Cis Cs Cis Cu Cs Cs Cu Co Cis C. Ca C.

[SyncBTS] C3 Cu C14 Cl Cg Cu Cl Cg C3 Cg CG Cs C9 C16 CIG

Table 9 Spreading Code allocation for Secondary SCH Code
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