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1
Introduction

This contribution proposes a scheme for the Synchronization Channel (SCH) of the 1.25MHz option (low chip rate: LCR) of WCMDA based EUTRA.  
The 1.25MHz system numerology was presented in [1]. Table 1 captures the main parameters. 
	Parameter
	Value

	Carrier spacing
	1.25MHz

	Chip rate
	960 kcps

	Slot duration
	0.67ms: 640 chips

	Max SF
	128

	R5/R6 TTIs
	2ms: 3 slots 
10ms: 15 slots


Table 1. 1.25MHz system numerology

As presented in [1], since the number of chips per slot in LCR (640 chips) is 4 times smaller than that in WCDMA (2560 chips), in order to keep the same SCH time-overhead for LCR systems we need to resort to one of the following solutions: 

1. Lower duty cycle of SCH (not transmitted every slot)

2. Shorter SCH base sequences (e.g. 64 chips instead of 256 chips)

The present contribution focuses on option 2 above.  
This contribution is structured in the following way. We first provide some background information on the SCH for WCDMA. Then, we go over some design considerations for the SCH of LCR and present our solutions. Finally, numerical results are provided to support the design choice.  
2        SCH in WCDMA

The SCH of WCDMA consists of two channels transmitted in parallel, Primary SCH (P-SCH) and Secondary SCH (S-SCH). These channels are transmitted over the first 256 chips of each time slot (2560 chips long) and therefore are transmitted 10% of the time. The transmitted power for each of these channels at all the base stations is: 


P-SCH Ec/Ior = -15dB


S-SCH Ec/Ior = -15dB

Which equates to a 6.3% of the base-station power utilized 10% of the time (i.e., 0.63% of the base-station power). 

The SCH is time-division multiplexed with the P-CCPCH. The primary use of the SCH is cell search for mobile users. Note that no scrambling code is applied to the SCH. 
Primary SCH:
· Modulated code of length 256 chips transmitted once every slot (first 256 chips)
· Identical sequence in all cells: Primary Synchronization Code (PSC)
PSC: Cpsc: generalized hierarchical Golay sequence

Def. a = < 1, 1, 1, 1, 1, 1, -1, -1, 1, -1, 1, -1, 1, -1, -1, 1 >

Then,

Cpsc = ( 1+j ) * < a, a, a, -a, -a, a, -a, -a, a, a, a, -a, a, -a, a, a > 

Secondary SCH:
· Sequence of 15 modulated codes of length 256 chips each. Therefore the S-SCH has length 3840 chips. Each of the modulated codes is denoted Secondary Synchronization Code (SSC) 
· There are 16 SSCs and there are 64 defined sequences of SSCs, each yielding one scrambling code group
· Cyclic shifts (less than 15) of SSC sequences are unique
SSC: {Cssc,1, …, Cssc,16} element wise multiplication of a Hadamard sequence “h(m)” and a sequence “z” (defined below)

Cssc,k = (1+j) * [h(m) .* z], k=1…16

where for a given value of “k”, k=1…16

m = 16*(k-1)

h(m) is the mth row of the Hadamard matrix H8 (256 elements)

and where 

z = < b, b, b, -b, b, b, -b, -b, b, -b, b, -b, -b, -b, -b, -b >

where b = < [a(1:8)  –a(8:16)] >

The 64 secondary SCH sequences are constructed by concatenating 16 Cssc codes (as per Table 4 in TS 25.213). 

Primary and Secondary Synchronization codes are modulated by the symbol ‘a’ meaning:
· P-CCPCH: STTD encoded ( ‘a’ = +1

· P-CCPCH: not STTD encoded ( ‘a’ = -1

3       Proposed Synchronization codes for LCR

 The following Table captures the different design options for the SCH of LCR. In summary: 
· Option A: Reuses the WCDMA SCH sequences on each LCR slot, therefore the overhead in the time domain becomes 4 times larger (i.e., SCH transmission over 40% of the slot).

· Option B: Requires new SCH sequences for LCR with base duration of 64 chips, as opposed to 256 chips. Therefore, the SCH transmission for LCR is done over 10% of the slot (as in WCDMA). 

· Option C: Reuses the WCDMA SCH sequences but just 64 chips are transmitted every slot (as opposed to 256 chips) and therefore the sequence periodicity becomes 40ms instead of 10ms. 

· Option B1: variation of option B whereby the new SCH sequences for LCR have a base duration of 128 chips with a periodicity of 10ms. The overhead in the time domain of the SCH sequences, therefore, becomes 20%.  

· Option C1: variation of option C whereby the existing SCH sequences are transmitted using 128 chips per slot. Therefore, the overhead in the time domain of the SCH sequences becomes 20% with the advantage of reducing the sequence periodicity from 40ms in option C to 20ms in option C1. 

	( Design option
	A
	B
	C
	B1
	C1

	Total # of chips per slot (LCR)
	640
	640
	640
	640
	640

	Total # of chips per PSC 
	256
	64
	256
	128
	128

	# of slots per PSC
	1
	1
	4
	1
	2

	Period of PSC
	667 us
	667 us
	667*4us
	667us
	667*2us

	Period of SSC
	10ms
	10ms
	40ms
	10ms
	20ms

	# of chips of  one SSC  
	256
	64
	256
	128
	128

	Reuse WCDMA PSC/SSC sequences
	Yes
	No
	Yes
	No
	Yes

	Impact on P-CCPCH
	Yes
	No
	No
	Yes
	Yes

	Impact on searching time
	No
	No
	Yes
	No
	Yes

	Interference due to PSC/SSC

	High
	Same
	Same
	Medium
	Same

	High Doppler impact on SSC
	Low
	Low
	High
	Low
	Median

	High Doppler impact on PSC over SSC (they are orthogonal over 16 chips in W-CDMA)
	Very Low
	Very Low
	Very Low
	Very Low
	Very Low


The goal is to:

1. Minimize, if possible, the change of current PSC/SSC code design,

2. Minimize the searching time, i.e.,  the period of SSCs can not be too long,

3. Consider orthogonality between SSCs for high Doppler spreads.

The SCH in WCDMA has the following properties:

· Orthogonal PSC and SSCs (over 16 chips)

· Orthogonal SSCs (over 256 chips)

· Good auto-correlation of PSC and SSCs 
· Good cross-correlation between PSC and SSCs

· Very efficient implementation of PSC detection

· Fast Hadamard Transformer (FHT) can be applied to SSC detection

· Reed-Solomon Codes over GF(16) are used to construct the comma-free codewords: any K positions of the S-SCH codewords are unique for 3=<K<=15 (the minimum distance between any such K length positions is K-2). But in general, we need one frame of data to detect SSC

The following performance metrics were used to select the SCH for WCDMA[3][4].
     1.   The difference between the Main peak and the highest side-lobe of the auto-correlation function of PSC

     2.   Maximum aperiodic side lobe (MAS) of Cross-correlation between PSC and SSCs

     3.   MAS of Cross-correlation between SSCs 

We will also use those criteria to select PSC and SSC for LCR.

We propose to use Option B for LCR which requires the definition of new SCH sequences but maintains the same sequence periodicity of 10ms and the same time domain overhead of 10% as the SCH sequences for WCDMA. Thus, the resulting scheme has the following properties:
· Orthogonal PSC and SSCs (over 4 chips)

· Orthogonal SSCs (over 64 chips)

· Good auto-correlation of PSC and SSCs
· Good cross-correlation between PSC and SSCs

· Very efficient implementation of PSC detection

· Fast Hadamard Transformer (FHT) can be applied to SSC detection

· Reed-Solomon Codes over GF(16) are used to construct the comma-free codewords: any K positions of the S-SCH codewords are unique for 3=<K<=15 (the minimum distance between any such K length positions is K-2). But in general, we need one frame of data to detect SSC

The proposed SCH of LCR consists of two channels transmitted in parallel, Primary SCH (P-SCH) and Secondary SCH (S-SCH). These channels are transmitted over the first 64 chips of each time slot (640 chips long) and therefore are transmitted 10% of the time. 

The SCH is time-division multiplexed with the P-CCPCH. The primary use of the SCH is cell search for mobile users. Note that no scrambling code is applied to the SCH. 

It turns out that a good solution is to reuse “Cpsc” and “z” sequences used in WCDMA and search for a new sequence “a” with a length of 4. 

The searching procedure for an optimal “a” is as follows:

· First, we set a threshold for the MAS of PSC with frequency error such that we keep those sequences whose MAS are below this threshold. This threshold is set to -10 dB for 4 KHz frequency error.

· Next, we compare the MAS between PSC and SSCs among the remaining sequences and choose the one which has the lower overall MAS.  
3.1
Proposed SCH design for WCDMA LCR

The proposed SCH is as follows:
Primary SCH:
· Modulated code of length 64 chips transmitted once every slot (first 64 chips)
· Identical sequence in all cells: Primary Synchronization Code (PSC)
PSC: Cpsc: generalized hierarchical Golay sequence

Def. a = < 1, 1, 1, -1 >
Then,

Cpsc = ( 1+j ) * < a, a, a, -a, -a, a, -a, -a, a, a, a, -a, a, -a, a, a > 

Secondary SCH:
· Sequence of 15 modulated codes of length 64 chips each. Therefore the S-SCH has length 960 chips. Each of the modulated codes is denoted as Secondary Synchronization Code (SSC) 
· There  are 16 SSCs and there are 64 defined sequences of SSC, each denoting one scrambling code group
· Cyclic shifts (less than 15) of SSC sequences are unique
SSC: {Cssc,1, …, Cssc,16} element wise multiplication of a Hadamard sequence “h(m)” and a sequence “z” (defined below)

Cssc,k = (1+j) * [h(m) .* z], k=1…16

where for a given value of “k”, k=1…16

m = 16*(k-1)

h(m) is the mth row of the Hadamard matrix H6 (64 elements)

and where 

z = < b, b, b, -b, b, b, -b, -b, b, -b, b, -b, -b, -b, -b, -b >

where b = < [a(1:2)  –a(3:4)] >

The 64 secondary SCH sequences are constructed by concatenating 16 Cssc codes.

Primary and Secondary Synchronization codes are modulated by the symbol ‘a’ meaning:
· P-CCPCH: STTD encoded ( ‘a’ = +1

· P-CCPCH: not STTD encoded ( ‘a’ = -1

Code allocation of SSC:
The code allocation of SSC for LCR is the same as the one in WCDMA.

The following paragraph and Table 1 are from [2] and equally apply to LCR:

The 64 secondary SCH 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 sequences is 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 sequences is not equivalent to itself with any other cyclic shift less than 15. Table 4 describes the sequences of SSCs used to encode the 64 different scrambling code groups. The entries in table 4 denote what SSC to use in the different slots for the different scrambling code groups, e.g. the entry "7" means that SSC Cssc,7 shall be used for the corresponding scrambling code group and slot.
Table 1: Allocation of SSCs for secondary SCH

	Scrambling

Code Group
	slot number

	
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
	#10
	#11
	#12
	#13
	#14

	Group 0
	1
	1
	2
	8
	9
	10
	15
	8
	10
	16
	2
	7
	15
	7
	16

	Group 1
	1
	1
	5
	16
	7
	3
	14
	16
	3
	10
	5
	12
	14
	12
	10

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

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

	Group 4
	1
	2
	16
	6
	6
	11
	15
	5
	12
	1
	15
	12
	16
	11
	2

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

	Group 6
	1
	4
	11
	3
	4
	10
	9
	2
	11
	2
	10
	12
	12
	9
	3

	Group 7
	1
	5
	6
	6
	14
	9
	10
	2
	13
	9
	2
	5
	14
	1
	13

	Group 8
	1
	6
	10
	10
	4
	11
	7
	13
	16
	11
	13
	6
	4
	1
	16

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

	Group 10
	1
	7
	8
	5
	7
	2
	4
	3
	8
	3
	2
	6
	6
	4
	5

	Group 11
	1
	7
	10
	9
	16
	7
	9
	15
	1
	8
	16
	8
	15
	2
	2

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

	Group 13
	1
	8
	14
	10
	14
	1
	15
	15
	8
	5
	11
	4
	10
	5
	4

	Group 14
	1
	9
	2
	15
	15
	16
	10
	7
	8
	1
	10
	8
	2
	16
	9

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

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

	Group 17
	1
	11
	14
	4
	13
	2
	9
	10
	12
	16
	8
	5
	3
	15
	6

	Group 18
	1
	12
	12
	13
	14
	7
	2
	8
	14
	2
	1
	13
	11
	8
	11

	Group 19
	1
	12
	15
	5
	4
	14
	3
	16
	7
	8
	6
	2
	10
	11
	13

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

	Group 21
	1
	16
	3
	12
	11
	9
	13
	5
	8
	2
	14
	7
	4
	10
	15

	Group 22
	2
	2
	5
	10
	16
	11
	3
	10
	11
	8
	5
	13
	3
	13
	8

	Group 23
	2
	2
	12
	3
	15
	5
	8
	3
	5
	14
	12
	9
	8
	9
	14

	Group 24
	2
	3
	6
	16
	12
	16
	3
	13
	13
	6
	7
	9
	2
	12
	7

	Group 25
	2
	3
	8
	2
	9
	15
	14
	3
	14
	9
	5
	5
	15
	8
	12

	Group 26
	2
	4
	7
	9
	5
	4
	9
	11
	2
	14
	5
	14
	11
	16
	16

	Group 27
	2
	4
	13
	12
	12
	7
	15
	10
	5
	2
	15
	5
	13
	7
	4

	Group 28
	2
	5
	9
	9
	3
	12
	8
	14
	15
	12
	14
	5
	3
	2
	15

	Group 29
	2
	5
	11
	7
	2
	11
	9
	4
	16
	7
	16
	9
	14
	14
	4

	Group 30
	2
	6
	2
	13
	3
	3
	12
	9
	7
	16
	6
	9
	16
	13
	12

	Group 31
	2
	6
	9
	7
	7
	16
	13
	3
	12
	2
	13
	12
	9
	16
	6

	Group 32
	2
	7
	12
	15
	2
	12
	4
	10
	13
	15
	13
	4
	5
	5
	10

	Group 33
	2
	7
	14
	16
	5
	9
	2
	9
	16
	11
	11
	5
	7
	4
	14

	Group 34
	2
	8
	5
	12
	5
	2
	14
	14
	8
	15
	3
	9
	12
	15
	9

	Group 35
	2
	9
	13
	4
	2
	13
	8
	11
	6
	4
	6
	8
	15
	15
	11

	Group 36
	2
	10
	3
	2
	13
	16
	8
	10
	8
	13
	11
	11
	16
	3
	5

	Group 37
	2
	11
	15
	3
	11
	6
	14
	10
	15
	10
	6
	7
	7
	14
	3

	Group 38
	2
	16
	4
	5
	16
	14
	7
	11
	4
	11
	14
	9
	9
	7
	5

	Group 39
	3
	3
	4
	6
	11
	12
	13
	6
	12
	14
	4
	5
	13
	5
	14

	Group 40
	3
	3
	6
	5
	16
	9
	15
	5
	9
	10
	6
	4
	15
	4
	10

	Group 41
	3
	4
	5
	14
	4
	6
	12
	13
	5
	13
	6
	11
	11
	12
	14

	Group 42
	3
	4
	9
	16
	10
	4
	16
	15
	3
	5
	10
	5
	15
	6
	6

	Group 43
	3
	4
	16
	10
	5
	10
	4
	9
	9
	16
	15
	6
	3
	5
	15

	Group 44
	3
	5
	12
	11
	14
	5
	11
	13
	3
	6
	14
	6
	13
	4
	4

	Group 45
	3
	6
	4
	10
	6
	5
	9
	15
	4
	15
	5
	16
	16
	9
	10

	Group 46
	3
	7
	8
	8
	16
	11
	12
	4
	15
	11
	4
	7
	16
	3
	15

	Group 47
	3
	7
	16
	11
	4
	15
	3
	15
	11
	12
	12
	4
	7
	8
	16

	Group 48
	3
	8
	7
	15
	4
	8
	15
	12
	3
	16
	4
	16
	12
	11
	11

	Group 49
	3
	8
	15
	4
	16
	4
	8
	7
	7
	15
	12
	11
	3
	16
	12

	Group 50
	3
	10
	10
	15
	16
	5
	4
	6
	16
	4
	3
	15
	9
	6
	9

	Group 51
	3
	13
	11
	5
	4
	12
	4
	11
	6
	6
	5
	3
	14
	13
	12

	Group 52
	3
	14
	7
	9
	14
	10
	13
	8
	7
	8
	10
	4
	4
	13
	9

	Group 53
	5
	5
	8
	14
	16
	13
	6
	14
	13
	7
	8
	15
	6
	15
	7

	Group 54
	5
	6
	11
	7
	10
	8
	5
	8
	7
	12
	12
	10
	6
	9
	11

	Group 55
	5
	6
	13
	8
	13
	5
	7
	7
	6
	16
	14
	15
	8
	16
	15

	Group 56
	5
	7
	9
	10
	7
	11
	6
	12
	9
	12
	11
	8
	8
	6
	10

	Group 57
	5
	9
	6
	8
	10
	9
	8
	12
	5
	11
	10
	11
	12
	7
	7

	Group 58
	5
	10
	10
	12
	8
	11
	9
	7
	8
	9
	5
	12
	6
	7
	6

	Group 59
	5
	10
	12
	6
	5
	12
	8
	9
	7
	6
	7
	8
	11
	11
	9

	Group 60
	5
	13
	15
	15
	14
	8
	6
	7
	16
	8
	7
	13
	14
	5
	16

	Group 61
	9
	10
	13
	10
	11
	15
	15
	9
	16
	12
	14
	13
	16
	14
	11

	Group 62
	9
	11
	12
	15
	12
	9
	13
	13
	11
	14
	10
	16
	15
	14
	16

	Group 63
	9
	12
	10
	15
	13
	14
	9
	14
	15
	11
	11
	13
	12
	16
	10


The difference between the Main peak and the highest side-lobe of the auto-correlation function of PSC is shown in Figure 1.
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Figure 1:   Output signal versus Time and Frequency [image: image3.wmf]).
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 for the proposed PSC
In Table 2, we compare the MAS of different correlations between PSC and SSCs.  From this table, we can conclude that the proposed SCH for LCR has similar performance as that of WCDMA. 
Table 2: MAS of the proposed SCH  

	
	WCDMA
	LCR

	MAS of PSC (dB)
	-12
	-12

	MAS of PSC with 10 KHz frequency error (dB)
	-6
	-4

	MAS between PSC and SSCs (dB)
	-7.3
	-7.8

	MAS between different SSCs (dB)
	-5
	-5

	MAS between different SSCs averaging over one frame (dB)
	-13
	-13


We can use the following recursion formula to generate PSC and detect PSC, i.e., 
[image: image2.wmf].
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This structure is similar to the one used for WCDMA.
4      Conclusions
We have presented a scheme for the Synchronization Channel (SCH) of the 1.25MHz option (low chip rate: LCR) of WCDMA based EUTRA. The proposed SCH has good correlation properties and can be detected efficiently. 
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� EMBED Equation.3  ���







































































� This row does not consider Interference Cancellation techniques to reduce the interference of the SCH over the rest of the slot.
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