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Agenda item:
Source: Ericsson
Title: CR 25.213-019: Correction to code allocation for compressed mode

Document for: Decision

This CR requests a correction to the description of downlink spreading in Section 5.2 of 25.213.

It has been noted that the current rule for code allocation in case of compresed mode using aternative scrambling
codes may lead to collisions in some cases. This CR proposes a somewhat different rule that avoids this.

In the current allocation scheme, channelization codes in aleft-branch are mapped to a“left” code tree and codesin
right-branch are mapped to a“right” code tree. The channelization-code alocation is the same as for the case of

a

ordinary scrambling code for compressed frames. Figure 1 illustrates a possible collision in case of the current scheme.
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Figure 2 illustrates the proposed mapping in case of aternative scrambling codes. Channelization codes in the left
half-part of the ordinary code tree are mapped to a“left”-code tree and codes in the right half-part of the ordinary
code tree are mapped to a “right”-code tree. The mapping is such that the position in the alternative code tree is
identical to the position in the ordinary code tree for non-compressed frames, except that the spreading factor is
reduced by 50%. With this allocation, al codes that are mapped to the same alternative scrambling code keep their
relative position. Collisions can thus not occur.
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5.2 Code generation and allocation

5.2.1 Channelization codes

The channelization codes of figures 8 and 9 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
spreading factors. The OV SF codes are defined in figure 4 in section 4.3.1.

The channelization code for the Primary CPICH isfixed to Cy, 2560 @nd the channelization code for the Primary
CCPCH isfixed to Cep, 256 1. The channelization codes for al other physical channels are assigned by UTRAN.

When compressed mode is implemented by reducing the spreading factor by 2, the OV SF code used for compressed
framesis:

Censrrzavzaif ordinary scrambling codeis used

Ceh.sE2.n mod /2 1T alternative scrambling code is used (see section 5.2.2)

where ¢ 5.0 1S the channelization code used for non-compressed frames.

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 meansthat 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 mapping the DSCH to multiple parallel PDSCHS, the same rule applies, but all of the branches identified by
the multiple codes, corresponding to the smallest spreading factor, may be used for higher spreading factor alocation.

5.2.2 Scrambling code

A total of 2'8-1 = 262,143 scrambling codes, numbered 0...262,142 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 15 secondary
scrambling codes.

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 16*i+k, where k=1...15.

There is a one-to-one mapping between each primary scrambling code and 15 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 evenleft alternative scrambling code and an-edd right alternative scrambling code, that may be used for
compressed frames. The evenleft alternative scrambling code corresponding to scrambling code k is scrambling code
number k + 8192, while the eddright alternative scrambling code corresponding to scrambling code k is scrambling
code number k + 16384. The alternative scrambling codes can be used for compressed frames. In this case, the left
alternative scrambling code is used if n<SF/2 and the right alternative scrambling code is used if n3 SF/2, where Cn s
is the channelization code used for non-compressed frames. The usage of aternative scrambling code for compressed
framesis signalled by higher layers for each physical channel respectively.
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The set of primary scrambling codes is further divided into 64 scrambling code groups, each consisting of 8 primary
scrambling codes. The j:th scrambling code group consists of primary scrambling codes 16* 8*j+16*k, where j=0..63
and k=0..7.

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 alowable.

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

The sequence depending on the chosen scrambling code number n is denoted z,, in the sequel. Furthermore, let x(i),
y(i) and z\(i) denote the i:th symbol of the sequence x, y, and z,, respectively

The mrsequences xand y are constructed as:
Initial conditions:
x is constructed with x (0)=1, x(1)= x(2)=...= x (16)= x (17)=0
y(0)=y(D)= ... =y(16)=y(17)=1
Recursive definition of subsequent symbols:
x(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) modulo 2,i=0,..., 2'8-20.
The n:th Gold code sequence z,, n=0,1,2,...,2'%-2, is then defined as
z(i) = x((i+n) modulo 28 - 2) + y(i) modulo 2, i=0,..., 2'8-2.
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 S is defined as (the lowest index corresponding to the chip
scrambled first in each radio frame)(where N isthe period in chipsand M is 131,072):

Sun(i) = zo(i) +j zo(i+M), i=0,1,...,N-1.

Note that the pattern from phase 0 up to the phase of 38399 is repeated.
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Figure 11: Configuration of downlink scrambling code generator

5.2.3 Synchronisation codes

5231 Code Generation

The primary code sequence, Cp 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= <xg, X2, X3, ..., X1 =<0,0,0,0,0,0,1,1,0,1,0, 1,0, 1, 1, 0> and

b:< Xl,Xz,--,Xgaxglilo""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 Cyg: follows (the left most index corresponds to the chip transmitted first in each
time slot):

Cosc = <y(0).y(1),y(2),...,y(255)>.

{Cs1s---,C 16} @re 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)
Ho o 6
Hk:gb"k-l k-l% K31
Hi-1 Hik1g
The rows are numbered from the top starting with row O (the all zeros sequence).
The Hadamard sequence h depends on the chosen code number n and is denoted h,,in the sequel.

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.

3GPP 23



TS 25.213 V3.0.0 24

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

Cann= < h(0)+2(0), ha(1)+2(1), hn(2)+2(2), ...,hn(255)+2(255) >,
All sums of symbols are taken modulo 2.

These PSC and SSC hinary code words are converted to real valued sequences by the transformation
tO! _> i+11, 111 _> i_ll.

The Secondary SCH code words are defined in terms of Cyp !
Cw)vi = Csch,i , i:1,...,16

5232 Code Allocation

The 64 sequences are constructed such that their cyclic-shifts are unique, i.e., a non-zero cyclic shift less than 15 of
any of the 64 sequencesis not equivalent to some cyclic shift of any other of the 64 sequences. Also, a non-zero cyclic
shift less than 15 of any of the sequencesis not equivalent to itself with any other cyclic shift less than 15. The
following sequences are used to encode the 64 different scrambling code groups (note that ¢; indicates thei’th
secondary code of the 16 codes). Note that a secondary 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.
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Table 5: Spreading Code allocation for Secondary SCH Code, the index “i” of the code Ci

Scrambling slot number

CodeGroup | #0 | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11 [#12 | #13 | #14
Group 1 1 1 2 8 9 |10 15| 8 |10 | 16 | 2 7 |15 7 | 16
Group 2 1 1 16 | 7 3 |14 16| 3 |10 | 5 |12 |14 | 12 | 10
Group 3 1 2 1 15| 5 5 112 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
Group 9 1 6 |10 10 | 4 |11 | 7 |13 |16 | 11 | 13 | 6 1|16
Group 10 1 6 |13 | 2 | 14| 2 6 5 5 13|10 | 9 1 |14 | 10
Group 11 1 7 8 5 7 2 4 3 8 3 2 6 4 5
Group 12 1 7 110 9 |16 | 7 9 |15 | 1 8 |16 | 8 | 15| 2 2
Group 13 1 8 |12 | 9 9 4 | 13 |116 | 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
Group 17 1 /10| 9 |11 | 15| 7 6 4 |16 | 5 2 |12 13| 3 | 14
Group 18 1 /11|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 |1
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 5 115 8 | 12
Group 27 2 4 7 9 9 |11 | 2 |14 | 5 |14 | 11 | 16 | 16
Group 28 2 4 |13 (12|12 | 7 | 15|10 | 5 2 |15 | 5 | 13| 7 4
Group 29 2 5 9 9 3 |12 | 8 |14 15|12 |14 | 5 3 2 |15
Group 30 2 5 11| 7 2 |11 9 4 |16 | 7 |16 | 9 |14 | 14 | 4
Group 31 2 6 2 113 | 3 3 112 | 9 7 116 | 6 9 | 16 | 13 | 12
Group 32 2 6 9 7 7 |16 |13 | 3 |12 | 2 |13 |12 | 9 |16 | 6
Group 33 2 7 /12 15| 2 |12 | 4 |10 |13 | 15| 13| 4 5 5 | 10
Group 34 2 7 |14 16 | 5 9 2 9 |16 |11 | 11 | 5 7 4 | 14
Group 35 2 8 5 12| 5 2 |14 |14 | 8 | 15| 3 9 |12 15| 9
Group 36 2 9 |13 | 4 2 13| 8 |11 | 6 4 6 8 |15 |15 | 11
Group 37 2 10| 3 2 /13|16 | 8 |10 | 8 |13 | 11| 11 |16 | 3 5
Group 38 2 /11 /15| 3 |11 | 6 |14 |10 | 15|10 | 6 7 7 | 14| 3
Group 39 2 116 | 4 5 116 |14 | 7 |11 | 4 | 11 |14 | 9 9 7 5
Group 40 3 3 4 6 |11 |12 |13 | 6 |12 | 14 | 4 5 13| 5 | 14
Group 41 3 3 6 5 16| 9 | 15| 5 9 |10 | 6 4 115 | 4 | 10
Group 42 3 4 5 |14 | 4 6 |12 | 13| 5 | 13| 6 | 11 |11 | 12 | 14
Group 43 3 4 9 |16 | 10| 4 | 16 | 15| 3 5 10| 5 |15 | 6 6
Group 44 3 4 116 |10 | 5 |10 | 4 9 9 |16 | 15 | 6 3 5 115
Group 45 3 5 12 |11 |14 | 5 |11 | 13 | 3 6 |14 | 6 | 13 | 4 4
Group 46 3 6 10 | 6 5 9 |15 4 | 15| 5 |16 |16 | 9 | 10
Group 47 3 7 8 8 |16 | 11 |12 | 4 |15 | 11 | 4 7 116 | 3 | 15
Group 48 3 7 |16 11| 4 | 15| 3 | 15| 11 | 12 | 12 7 8 | 16
Group 49 3 8 7 |15 | 4 8 |15 12| 3 |16 | 4 | 16 | 12 | 11 | 11
Group 50 3 8 |15 | 4 |16 | 4 8 7 7 |15 12 11| 3 | 16 | 12
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Group 51 3 10 | 10 | 15 | 16 5 4 6 16 4 3 15 9 6 9
Group 52 3 13 | 11 5 4 12 4 11 6 6 5 3 14 | 13 | 12
Group 53 3 14 7 9 14 | 10 | 13 8 7 8 10 4 4 13 9
Group 54 5 5 8 14 | 16 | 13 6 14 | 13 7 8 15 6 15 7
Group 55 5 6 11 7 10 8 5 8 7 12 | 12 | 10 6 9 11
Group 56 5 6 13 8 13 5 7 7 6 16 | 14 | 15 8 16 | 15
Group 57 5 7 9 10 7 11 6 12 9 12 | 11 8 8 6 10
Group 58 5 9 6 8 10 9 8 12 5 11 | 10 | 11 | 12 7 7
Group 59 5 10 | 10 | 12 8 11 9 7 8 9 5 12 6 7 6
Group 60 5 10 | 12 6 5 12 8 9 7 6 7 8 11 | 11 9
Group 61 5 13 | 15| 15 | 14 8 6 7 16 8 7 13 | 14 5 16
Group 62 9 10 | 13 | 10 | 11 | 15 | 15 9 16 | 12 | 14 | 13 | 16 | 14 | 11
Group 63 9 11 | 12 | 15 | 12 9 13 |13 | 11 | 14 | 10 | 16 | 15 | 14 | 16
Group 64 9 12 | 10 | 15 | 13 | 14 9 14 | 15 | 11 | 11 | 13 | 12 | 16 | 10

5.3 Modulation

5.3.1 Modulating chip rate

The mQAodulating chip rateis 3.84 Mcps.

5.3.2

Modulation

QPSK modulation is used.

Annex A (informative):
Generalised Hierarchical Golay Sequences

Al

Method 1.

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

following formula:

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:

y(i) = Xo(i mod ny) * x3(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, isdefined to be the length 16 (N"Y=4) Golay complementary sequence obtained by the delay matrix D® = [8,

4,1,2] and weight matrix W& =1, -1, 1,1].

- Xyisageneraised 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

X3 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].
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The Golay complementary sequences X;,X3 and X4 are defined using the following recursive relation:
ao(K) = d(k) and bo(k) = d(K)
an(K) = ana(k) + WO, by (k-DYy)
br(K) = ana(K) - W0, b1 (k-DYy)
k=0,1,2,...,2¢*N0 -1,
n=1,2,.., N0

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 sequence 'y 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,N@=8
(b) [D:°,D,°,D:",D%,D’,De’,D;°,Dg’] = [128, 64, 16, 32, 8, 1, 4, 2]
(©) W WL W WL WL W WA W =11, -1, 1,1, 1,1, 1, 1]

(d) For n =4, 6, set by(k) = as(k), bs(k) = as(K).
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