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SCH codes for Harmonization
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1.0 Introduction:

As a consequence of the Tdoc 677/99, “Impact of OHG harmonization recommendation on UTRA/FDD and UTRA/TDD”, the SCH codes have to reduce to 16 codes for harmonization. One possibility is to use only the 16 codes given by 2, 10, 18, …, 122 in [2] as the secondary synchronization codes (SSC). But, this would mean that a length 32 Walsh-Hadamard transform will have to be used for 16 codes. We can see that it should be possible to choose the set of SSC’s in such a way that only a length 16 Walsh-Hadamard transform is required for the stage 2 of acquisition. In this document we present the OHG SSC codes based upon the Generalized Hierarchical Golay (GHG) PSC and requiring only a length 16 Walsh-Hadamard transform for stage 2 of acquisition. Also, similar to [3], we present the masking of SSC codes by a length 16 extended PN sequence, to improve SSC cross-correlations. We show that the proposed OHG SSC codes have good aperiodic cross-correlation properties with respect to the PSC and within themselves implying that performance of stage 1, 2 of acquisition in unaffected.

2.0 Proposed SSC  for harmonization

Letting A = {0, 0, 0, 0, 0, 0,1,1} and B = {0, 1, 0, 1, 0, 1, 1, 0} and 
[image: image1.wmf]{

}

B

A

C

,

=

, and the sequence 


[image: image2.wmf]}

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

{

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

Z

=

           ----------------------------------(1)

The proposed OHG SSC structure is shown in figure (1) below:
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Figure 1: The proposed 16 SSC’s for harmonization are given. The primary and secondary code words are converted to real valued sequences by the transformation ‘0’->’+1’, ‘1’->’-1’. 

The maximum aperiodic side lobe (MAS) of the (GHG PSC + OHG SSC) with the GHG PSC is shown in table (2) below [1, table 2]:

SSC code number
Main peak, at frequency error (kHz)
MAS of (GHG PSC + proposed SSC) to GHG PSC, at frequency error (kHz)


0 kHz
10 kHz
0 kHz
10 kHz

1
256
120
82
64

2
256
121
70
60

3
256
123
70
62

4
256
117
92
64

5
256
123
90
63

6
256
116
64
61

7
256
116
64
67

8
256
121
74
63

9
256
118
94
65

10
256
117
90
65

11
256
120
78
62

12
256
123
104
66

13
256
120
68
65

14
256
118
66
64

15
256
116
78
67

16
256
124
82
66

Table 1: MAS of the (GHG PSC + SSC) to the GHG PSC is shown [1].

Similar to [3], the aperiodic cross-correlation of the comma free codes 1-32 with themselves at 16 chip offset (the worst case for the proposed OHG SSC) is shown in figure (2) below.
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Figure (2): The aperiodic cross correlation of the comma free codes (1-32) to themselves is shown for a time shift of 8 chips and a non-coherent averaging for stage 2 over 1 frame duration. The x-axis represents ((comma_free_code(i)-1)*32+comma_free_code(j)), i = 1, 2, …, 32 and j = 1, 2, …, 32. 

As can be seen from figure (1) the aperiodic cross-correlation of the SSC’s with the PSC are comparable to the current SSC’s in [1]. Similarly, the worst case aperiodic cross correlation amongst the comma-free codes at 16 chip offset after 1 frame averaging is also comparable to the worst case cross-correlation of the current SSC’s as given in [3]. 

3.0 Conclusions and proposal

We have proposed the 16 SSC codes for harmonization which enable using a length 16 Walsh-Hadamard transform for stage 2 of acquisition. The proposed SSC’s have good aperiodic cross-correlation properties with respect to the PSC and amongst themselves implying that performance of stages 1 and 2 of acquisition are unaffected
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Text proposal

-------------------------Begin proposed changes to Tdoc 25.213 --------------------------------

5.2.3
Synchronisation codes

5.2.3.1
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 = <x1, x2, x3, …, x16> = <0, 0, 0, 0, 0, 0, 1, 1, 0, 1,0, 1, 0, 1, 1, 0> and
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The PSC code is generated by repeating sequence ‘a’ modulated by a Golay complementary sequence.

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

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

Let the sequence 
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 .. Then the Secondary Synchronization code words, {C1,…,C16} 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 H8 constructed recursively by:
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The rows are numbered from the top starting with row 0 (the all zeros sequence).

The Hadamard sequence h depends on the chosen code number n and is denoted hn in the sequel.

This code word is chosen from every 16th row of the matrix H8 implying16 possible code words given by n =0,16,32,48,64,80,96,112,128,144,160,176,192,208,224,240.
Furthermore, let hn(i) and z(i) denote the i:th symbol of the sequence hn 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): 

CSCH,n = < hn(0)+z(0), hn(1)+z(1), hn(2)+z(2), …,hn(255)+z(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  {C1,…,C16} now follows as:

Ci = CSCH,i , i=1,…,16
-----------------------------------End proposed changes to Tdoc 25.213 ------------------------
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GHG PSC = 








256 cycle Hadamard sequence ( N > 0, N = 0, 16, 32, 48, 64, 80, …., 240 ). N = 0 is all zero sequence
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