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Introduction

The following changes are proposed in order to align the spreading and modulation procedure
and the resulting signal point constellation with FDD. The modifications aso lead to a
uniform signal point constellation for midamble and data parts of a TDD burst.

1. The channdisation and spreading procedure has been aligned with FDD, i.e. the
channelisation is now performed by a real valued channelisation code and the scrambling
is performed by a complex valued scrambling code.

2. The definition of the Synchronisation Channel has been aligned with the FDD description
and the Signal Point Constellation has been changed to an offset QPSK.
Conclusion

The proposed changes have been included in the following CRs. 25.223 CR006r1, 25.224
CRO013 and 25.221 CR 015r1.
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5.3 Common physical channels

5.3.1 Primary common control physical channel (P-CCPCH)
The BCH as described in section 4.1.2 is mapped onto the Primary Common Control Physical Channel (P-CCPCH).
The position (time dot / code) of the P-CCPCH is known from the Physical Synchronisation Channel (PSCH), see
section 5.3.4.

5.3.1.1 P-CCPCH Spreading
The P-CCPCH uses fixed spreading with a spreading factor SF = 16 as described in section 5.2.1.1. The P-CCPCH
(k=1) ~(k=1)

always uses channelisation code -8g =5~ Co-s¢ -

5.3.1.2 P-CCPCH Burst Types
The burst type 1 as described in section 5.2.2 is used for the P-CCPCH. No TFCI is applied for the P-CCPCH.
5.3.1.3 P-CCPCH Training sequences

The training sequences, i.e. midambles, as described in section 5.2.3 are used for the P-CCPCH. For those timedlotsin
which the P-CCPCH is transmitted, the midambles m, m®, m® and m™ are reserved for P-CCPCH in order to
support Block STTD antenna diversity and the beacon function, see 5.3.1.4 and 5.4. The use of midambles depends on
whether Block STTD is applied to P-CCPCH, see 5.3.1.4.

5.3.14 Block STTD antenna diversity for P-CCPCH
Block STTD antenna diversity can be optionally applied for the P-CCPCH. Its support is mandatory for the UE. Two
possibilities exist :

- If no antenna diversity is applied to P-CCPCH, m® is used and m® is |eft unused.

- If Block STTD antenna diversity is applied to P-CCPCH, m® is used for the first antenna and m is used for the
diversity antenna.
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5.3.34 Association between Training Sequences and Channelisation Codes

For the PRACH there exists a fixed association between the training sequence and the channelisation code. The generic
rule to define thls association is based on the order of the channelisation codes acQ ) given by k and the order of the
midambles m;* given by k, firstly, and j, secondly, with the constraint that the midamble for a spreading factor Q isthe
sameasin the upper branch for the spreading factor 2Q. The index j=1 or 2 indicates whether the origina Basic
Midamble Sequence (j=1) or the time-inverted Basic Midamble Sequence is used (j=2).
For the case that al k are allowed and only one periodic basic code m; is available for the RACH, the association
depicted in figure 13 is straightforward.

- For the case that only odd k are alowed the principle of the association is shown in figure 14. This association is
applied for one and two basic periodic codes.
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Figure 13: Association of Midambles to Channelisation Codes in the OVSF tree for all k
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Figure 14: Association of Midambles to Channelisation Codes in the OVSF tree for odd k
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5.34 The physical synchronisation channel (PSCH)
In TDD mode code group of acell can be derived from the synchronisation channel. Additional information, received
from higher layers on SCH transport channdl, is also transmitted to the UE in PSCH in case 3 from below. In order not
to limit the uplink/downlink asymmetry the PSCH is mapped on one or two downlink slots per frame only.
There are three cases of PSCH and P-CCPCH allocation as follows:

Case 1) PSCH and P-CCPCH dlocated in TS#k, k=0....14

Case 2) PSCH allocated in two TS: TS#k and TS#k+8, k=0...6; P-CCPCH allocated in TS#k.

Case 3) PSCH alocated in two TS, TS#k and TS#k+8, k=0...6, and the P-CCPCH allocated in TS#i, i=0...6,
pointed by PSCH. Pointing is determined viathe SCH from the higher layers.

These three cases are addressed by higher layers using the SCCH in TDD Maode. The position of PSCH (value of k) in
frame can change on along term basisin any case.

Due to this PSCH scheme, the position of PCCPCH is known from the PSCH.

Figure 15 is an example for transmission of PSCH, k=0, of Case 2 or Case 3.
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Figure 15: Scheme for Physical Synchronisation channel PSCH consisting of one primary sequence
C, and N=3 parallel secondary sequences in slot k and k+8

(example for k=0 in Case 2 or Case 3)

As depicted in figure 15, the PSCH consists of a primary and three secondary code sequences with 256 chips length.

Due to mobile to mobile interference, it is mandatory for public TDD systems to keep synchronisation between base
stations. As a consequence of this, a capture effect concerning PSCH can arise. The time offset t s enables the system
to overcome the capture effect.

The time offset tys 1S ONe of 32 values, depending on the cell parameter, thus on the code group of the cell, cf. ‘table 7
Mapping scheme for Cell Parameters, Code Groups, Scrambling Codes, Midambles and tys' in [8]. The exact value
for terset, regarding column ‘ Associated tys’ intable 7in [8] is given by:

82560- 96- 256(

t =nxT -

offset,n c 8 31 H
=nX71T,; n=0,...,31
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Please note that €X(] denotes the largest integer number less or equal to x and that T, denotes the chip duration.
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54.1 Location of physical channels with beacon function
The location of the physical channels with beacon function is determined by the PSCH and depends on the PSCH
allocation case, see 5.3.4:

Casel) All physical channelsthat are allocated to channelisation codeag‘:;lt) Cék:jt) and in TS#k, k=0....14

shall provide the beacon function.

Case 2) All physical channelsthat are allocated to channelisation code a(gk:;lt) Cék:jt) and in TS#k and TSHK+8,

k=0...6, shall provide the beacon function.
Case 3) All physical channelsthat are allocated to channelisation code a(gk:;lt) Cék:jt) and in TS#i and TSHi+8,
i=0...6, pointed by PSCH, shall provide the beacon function.

Note that by this definition the P-CCPCH always provides the beacon function.
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A.3 Association between Midambles and Channelisation Codes

The following mapping schemes apply for the association between midambles and channelisation codes if no midamble
is alocated by higher layers. Secondary channelisation codes are marked with a (*). These associations apply both for
UL and DL.

A.3.1 Association for Burst Type 1 and K=16 Midambles
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Figure A-1 Association of Midambles to Spreading Codes for Burst Type 1 and K=16
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A.3.2 Association for Burst Type 1 and K=8 Midambles
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Figure A-2 Association of Midambles to Spreading Codes for Burst Type 1 and K=8
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A.3.3 Association for Burst Type 1 and K=4 Midambles
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Figure A-3 Association of Midambles to Spreading Codes for Burst Type 1 and K=4

A.3.4 Association for Burst Type 2 and K=6 Midambles
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Figure A-4 Association of Midambles to Spreading Codes for Burst Type 2 and K=6
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A.3.5 Association for Burst Type 2 and K=3 Midambles
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Figure A-5 Association of Midambles to Spreading Codes for Burst Type 2 and K=3

Note that the association for burst type 2 can be derived from the association for burst type 1, using the following table:

Burst Type 1 m(1) m(2) m(3) m(4) m(5)

m(6)

m(7)

m(8)

m(1) m(5) m(3) m(6) m(2)

Burst Type 2

m(4)
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5 Data modulation

5.1 Symbol rate
The symbol duration Ts depends on the spreading factor Q and the chip duration Tc: Ts=Q ™ T, where T, = Wlmle .

5.2 Mapping of bits onto signal point constellation

5.2._1 Mapplnq for burst tvpe 1 and 2

the output of the physucal channel mapping procedure in [8] and combines always 2 consecutive binary bits to a

complex valued data symbol. Each user burst has two data carrying parts, termed data blocks:
gk :(dik'i),d(zk'i),...,df\'l"i))T i=1,2,k=1,...,K
- — - — Nk

D)

N isthe number of symbols per datafield for the user k. This number is linked to the spreading factor Q as described
intable 1 of [7].

Datablock d®? istransmitted before the midamble and data block d®? after the midamble. Each of the N data
symbols gﬂ"i) ;i=1, 2; k=1,...,K; n=1,...,N; of equation 1 has the symbol duration Ts(k) =Q.T, asaready given.

The data modulation is QPSK, thus the data symbols d ﬂ"i) are generated from two interleaved-and-encodedconsecutive
data bits from the output of the physical channel mapping procedurein [8]:

h%DT{od  1=12k=1..K n=1.,Ngi=12
)
using the eguationfollowing mapping to complex symbols:
consecutive binary bit pattern complex symbol
(ki) (ki) k,i
blnI bZnI g% D
00 ha |
01 +1
10 -1
1 -

Re{gﬂ‘")}:—(zbf" V.
T ®

ot L

The mappingEquatien-3 corresponds to a QPSK modulation of the interleaved and encoded data bits b(k ) of equation

bV - 1) k=1..K n=1..,Ny;i=12

5.2.2 Mapping for PRACH burst type

In case of PRACH burst type, the definitions in subclause 5.2.1 apply with a modified number of symbols in the second
data block.. For the PRACH burst type, the number of symbols in the second data block g(k'z) is decreased by
96

Q_K symbols,

3GPP
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6 Spreading modulation

6.1 Basic spreading parameters

Spreading of data consists of two operations: Channelisation and Scrambling. Firstly, each complex valued data symbol
d 1 of equation 1 is spread with a cemplex real valued channelisation code ¢ ¢! of length QT {1,2,4,8,16} . The

resulting sequence is then scrambled by a complex sequencen i of length 16.

6.2 Channelisation codes

The elements Cg‘)ggﬂ; k=1,....K; g=1,...,Qy; of thereal valued eermplex channelisation codes

o :(Cgk),c(zk),---,cg()) g(k) —(g&k),g(zk),...,gg‘k)) ; k=1,...,K; shall be taken from the eemplex-set

v =fj-1-v, ={1-1} (34)

C ~

The Cg? a%are Orthogonal Variable Spreading Factor (OV SF) codes, allowing to mix in the same timeslot channels

with different spreading factors while preserving the orthogonality. The OV SF codes can be defined using the code tree
| of figure21.

3GPP
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Figure 1: Code-tree for generation of Orthogonal Variable Spreading Factor (OVSF) codes for
Channelisation Operation

Each level in the code tree defines a spreading factor indicated by the value of Q in the figure. All codes
within the code tree cannot be used simultaneously in a given timeslot. A code can be used in atimedot if
and only if no other code on the path from the specific code to the root of the tree or in the sub-tree below the
specific code is used in this timeslot. This means that the number of available codesin aslot is not fixed but
depends on the rate and spreading factor of each physical channel.

The spreading factor goes up to Quax=16.

6.3 Scrambling codes

The spreading of data by a complex- real valued channelisation code ¢ of length Qy is followed by a cell specific
complex scrambling sequence A=(AL-A2——Aowsd. | = (11,[2,...,116). Theeements i ;i =1,...,16 of the complex
valued scrambling codes shall be taken from the complex set -

={1j,-1,-i} ©)
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In equation 5 the letter | denotes the imaginary unit. A complex scrambling code 1 _is generated from the binary

scrambling codesnN = 1,n2,...,n16) of length 16 shown in Annex A. Therelationbetweentheelementsian_di

isgiven by:
n=G)n o T{L-1i=1..16 ©)

Hence, the elements N, of the complex scrambling code 1 _are alternating real and imaginary.

The length matching is obtained by concatenating Quax/Qx spread words before the scrambling. The schemeis
illustrated in figure 3 below and is described in more detail in section 6.4. Fhe-apphicable-scrambling-codes-are-shown
HAPRREX-A-
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Figure 2: Spreading of data symbols

3GPP



3G TS 25.223 V3.1.0 (1999-12) 11

6.4 Spread signal of data symbols and data blocks

The combination of the user specific channelisation and cell specific scrambling codes can be seen as a user and cell
specific spreading code st Z(SS() ) with

(k)

1+[(p- 1y modQ,

k) - C(k) I’l*[kp.j_)mUU'QMAX]
1l modQ,] k=L K, L NQe

0 — . (
Sp =C ]-11+[(p-1)monMAx] Sp

With the root raised cosine chip impulsefilter Crq(t) the transmitted signal belonging to the data block d kD of
equation 1 transmitted before the midamble is

k,2) gk k.2 (gk k
d Yt =a di @ 10, +q’Clolt- @- DTe - (N- DQTY) (6)
n=1 q=1

and for the data block d (k:2) of equation 1 transmitted after the midamble

N S
d 1) =g di? Q 10, +q*Crolt- (@- e - (N- YT - NeQTe - LirTe). (7)
n=1 q=1

where L, isthe number of midamble chips.

6.5 Modulation

The complex-valued chip sequence is QPSK modulated as shown in Figure 3 below.

cos(wt)
Re{S} | Pulse- |
Split " | shaping
Complex-valued S real &
chip sequence ' imag.
parts Im{S} . Pulse- ‘
shaping
-sin(wt)

Figure 3: Modulation of complex valued chip sequences

7 Synchronisation codes

7.1 Code Generation
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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.

Definea=<Xj, Xp, X3, ..., X1>=<1,1,1,1,1,1,-1,-1,1,-1,1,-1,1,-1,-1, 1>

The PSC code word is generated by repeating the sequence ‘a modulated by a Golay complementary sequence and
creating a complex-valued sequence with identical rea and imaginary components.

The PSC code word C, is defined as Co=<vy(0),y(1),y(2),...,y(255) >

wherey = (1+])" <a,a,a,- a,-a,a,-a,-a,a,a,a,-a,a,-a,a,a>
and the |eft most index corresponds to the chip transmitted first in each time slot.
The 16 secondary synchronization code words, {C,...,Cis} are complex valued with identical rea and imaginary

components, and are constructed from the position wise multiplication of a Hadamard sequence and a sequence z,
defined as

z=<b,b,b,- b,b,b,- b,- b,b,- b,b,- b,- b,- b,- b,-b >, where
D= < Xpyerey Xgym Xgpeorm Xig = <1,1,1,1,1,1,-1,-1,-1,1,-1,1,-1, 1, 1, -1>,

The Hadamard sequences are obtained as the rows in a matrix Hg constructed recursively by:
Hy =@

H ’ — ﬂ'l k-1 H k-1 g

gH k-1 H k-1

The rows are numbered from the top starting with row 0 (the all zeros sequence).
Denote the n:th Hadamard sequence as arow of Hg numbered from thetop,n=0, 1, 2, ..., 255, in the sequel.
Furthermore, let hy(i) and z(i) denote the i:th symbol of the sequence hy, and z, respectively wherei =0, 1, 2, ..., 255
and i = 0 corresponds to the leftmost symbol.
Thei:th SCH code word, Cscni, i =0, ..., 15 isthen defined as

Coschi=(1+])" <hy(0) " Z0), hn(1) ~ z(1), hw(2) ~ Z(2), ..., hy(255) ~ 2(255)>,

k31

where m= (16" i) and the leftmost chip in the sequence corresponds to the chip transmitted first in time..

This code word is chosen from every 16™ row of the matrix Hg., which yields 16 possible codewords.
The Secondary SCH code words are defined in terms of Cscyand the definition of { Co,...,Cis} now follows as:
Cj = CQCH‘i s i:O,...,15

3GPP
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4.4.1 Cell Search

During the initial cell search, the UE searches for a cell. It then determines the midamble, the downlink scrambling code
and frame synchronisation of that cell. Theinitia cell search uses the Physical Synchronisation Channel (PSCH)
described in [8]. The generation of synchronisation codesis described in [10].
Thisinitial cell search is carried out in three steps:

Step 1: Slot synchronisation

During thefirst step of the initial cell search procedure the UE uses the primary synchronisation code ¢, to acquire slot
synchronisation to the strongest cell. Furthermore, frame synchronisation with the uncertainty of 1 out of 2 is obtained
in this step. A single matched filter (or any similar device) is used for this purpose, that is matched to the primary
synchronisation code which is common to all cells.

Step 2: Frame synchronisation and code-group identification

During the second step of theinitial cell search procedure, the UE uses the modulated Secondary Synchronisation
Codesto find frame synchronisation and identify one out of 32 code groups. Each code group is linked to a specific
torrset, thus to a specific frame timing, and is containing 4 specific scrambling codes. Each scrambling code is associated
with a specific short and long basic midamble code.

In Cases 2 and 3 it is required to detect the position of the next synchronization dots. To detect the position of the next
synchronization dlots, the primary synchronization code is correlated with the received signa at offsets of 7 and 8 time
dots from the position of the primary code that was detected in Step 1.

Then, the received signal at the positions of the synchronization codes is correlated with the primary synchronization
Code C,, and the secondary synchronization codes {C,,...,C;s}. Note that the correlations can be performed coherently
over M time dots, where at each ot a phase correction is provided by the correlation with the primary code. The
minimal number of time slotsis M=1, and the performance improves with increasing M.

Step 3: Scrambling code identification

During the third and last step of theinitial cell-search procedure, the UE determines the exact basic midamble code and
the accompanying scrambling code used by the found cell. They are identified through correlation over the P-CCPCH
with al four midambles of the code group identified in the second step . Thus the third step is a one out of four

decision. This step is taking into account that the P-CCPCH containing the BCH is transmitted using the first
channelization code (a(g';%lg Céh:jt) in [10] ) and using the first midamble m® (derived from basic midamble code mp
in[8] ). Thus P-CCPCH code and midamble can be immediately derived when knowing scrambling code and basic
midamble code.
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