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1 Introduction
The remaining open issues in the S-SCH design include the information encoding (i.e., group ID and frame timing) and the cell-specific scrambling method. From RAN1 #49bis, the outcome concerning S-SCH scrambling was that 
· First and second sequence scrambled with a binary scrambling code depending on the P-SCH

· FFS: Exact specification of scrambling code

· Scrambling of the second sequence with a binary scrambling code corresponding to the index of the first sequence. Many-to-1 relation between scrambling code and first sequence index is not precluded.

· FFS: Exact specification of scrambling code and relation of scrambling code to index of the first sequence
The scrambling codes modulate the secondary synchronization code (SSC) sequences in the frequency domain and the resulting two sequences are mapped in an interleaved fashion to the subcarriers in an S-SCH symbol. 

In this contribution, we propose that the frame timing is encoded by permutation of the short codes (SCs) in consecutive S-SCH symbols. The scrambling codes are then allocated to cells such that the same SC is scrambled with different scrambling sequences in different cells.
2 S-SCH information encoding 

Fig 1. depicts the schematic encoding structure assumed in this contribution, where codewords for information encoding are formed as 
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 and the scrambling codes for the short codes are obtained from the indices 
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Figure 1. A schematic picture of S-SCH encoding structure with the short codes SC0 to SC3 and scrambling code indices SCR0 to SCR3.

For efficient inter-working between different access technologies, the group ID and frame timing must be contained in one S-SCH symbol. With 170 group IDs and 2 S-SCH symbols per radio frame, it should be possible to test a total of 340 hypotheses from one S-SCH symbol. In [1] and [2], the encoding of the frame timing information was done by reusing the same SC pair in the second S-SCH symbol, but with permuted order. With permutation encoding, time- and frequency diversity gains can be facilitated, since the same SC is transmitted in consecutive S-SCH symbols. For the cell group IDs
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, encoding could for example be achieved by the following simple mapping to the SCs  
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With a set of 31 available SSC m-sequences, 
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 the transmitted sequence for short code 
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3 S-SCH scrambling 

3.1 Scrambling codes
The working assumption is to use binary scrambling codes. Here we assume a similar design principle as for the set of SSC sequences, i.e., using cyclic shifts of one single sequence. For the evaluations in this contribution, we assume a PN type of root sequence which has a repetition period longer than 31, namely 
SCRC(0)=[1,-1,-1,1,1,-1,1,-1,1,-1,1,-1,-1,-1,1,1,-1,1,1,1,1,-1,1,-1,1,1,1,1,1,1,1], 
which can be obtained from a generator polynomial of 
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. Up to 31 scrambling codes 
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can be generated by k step-wise cyclic shifts of the sequence. 
For the P-SCH dependent scrambling, we use 
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, both the short codes in an S-SCH symbol are first scrambled with 
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. After this, the second short code is scrambled again, with another scrambling code. The set of scrambling codes that should be used to additionally scramble the second short code (after the scrambling with 
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. That is, we use 10 common scrambling codes, which after scrambling by 
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, equivalently gives 3 different sets containing 10 different scrambling codes each, any of which set is used for scrambling the second short code. The  number 10 could be taken larger or smaller, depending on desired decoding complexity and performance tradeoffs. The reason for reusing the same 10 scrambling codes in every set is to reduce the total number of scrambling codes (i.e., 3+10=13 in this case) that have to be generated, both at transmitter and receiver.  
The transmitted sequence in S-SCH symbol 0 in Fig. 1, is obtained by interleaving sequence 
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, where 
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is the element-wise multiplication scrambling operation. The transmitted sequence in S-SCH symbol 1 in Fig. 1, is obtained by interleaving sequence 
[image: image22.wmf])

(

)

(

2

2

SCR

SCRC

SC

SSC

Ä

 and sequence
[image: image23.wmf])

(

)

(

)

(

2

3

3

SCR

SCRC

SCR

SCRC

SC

SSC

Ä

Ä

. With the assumption of PSC dependent scrambling, it implies that 
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3.2 Scrambling of second short code
Since the scrambling code index for the second SC should be a function of the first SC, there will be a dependency among the synchronization signals within an S-SCH symbol. A joint detection of the two SCs is therefore preferable. With separate and sequential detection of the SCs, a miss-detection of the first SC could lead to error propagation when detecting the second SC. Furthermore, with a joint detection of the SCs, it is easier to mask out the SC combinations of certain cells which should not be detected (e.g., the home cell group ID which should not be detected again when performing neighbor cell search). Hence the S-SCH scrambling scheme should be designed to allow for joint detection with reasonable complexity. In [3]  it was suggested to reduce the decoding complexity of joint detection by grouping the scrambling codes into smaller subsets, corresponding to the PSC index. 
In [4], it was pointed out that in synchronous networks, less interference diversity may be obtained when the same SCs are permuted in two S-SCH symbols. This is due to that two different cells (i.e., group IDs) could potentially have one of the short codes in common, which would result in the same interference in two S-SCH symbols. However, with the current working assumption to use cell-specific scrambling, this issue can be resolved by allocating different scrambling codes to the SCs. Thereby, the scrambled sequences become different although they use the same short codes.

A condition for scrambling code allocations to the short codes is to assure interference diversity for the mapping (1). If for two different cell group IDs, 
[image: image25.wmf],

n

m

¹

 one of the short codes is the same, 
[image: image26.wmf])

(

)

(

0

0

n

SC

m

SC

=

(or 
[image: image27.wmf])

(

)

(

1

1

n

SC

m

SC

=

), the scrambling codes for the two short codes should differ when they are transmitted in two consecutive S-SCH symbols, i.e., 
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). In that way, the two short codes are not transmitted on the same scrambling code twice within the radio frame.
Let 
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denote the (k+1)th  element in 
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contains indices to the scrambling codes used to scramble the second short code for PSC index 
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. Assuming the information is encoded by (1) and we use the above sets 
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The algorithm (2) gives the indices to the scrambling codes in S-SCH symbol 0 and 1, which are used to scramble the short code sequences as described in Sec. 3.1. 

4 Numerical evaluations
4.1 Simulation assumptions

Two different schemes are evaluated, the permuted code construction according to (1) and the code given in [4], which does not have such structure. The scrambling scheme (3) is applied to the non-permuted code [4].
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The code in [4] was generated for an alphabet from 1 to 32, and we have thus selected 170 codewords of length 4 that do not contain the element 32, and which are unique when cyclically shifted 2 steps. The latter is a necessary requirement for allowing decoding of frame timing from 2 S-SCH symbols. 

We evaluate the schemes using link level simulations for a two cell-model, see Fig. 2, and consider neighbor cell search, see, e.g., [5], [6] and [7].


[image: image37]
Figure 2. Two-cell simulation model for neighbor cell search.

A worst-case situation is assumed such that the S-SCH signals from the home- and target cells are perfectly time aligned. Only the 2nd cell search step is evaluated and it is assumed that the first step is successfully finished such that the timing synchronization is perfect and that the PSC index of the target cell has been found. The PSC indices are randomly generated and the home cell and target cell use different PSC indices. The S-SCH detection is successfully finished if the group ID and frame timing of the target cell have been found. 
Table 1 contains the essential assumptions.
Table 1. Simulation setup
	Sampling frequency 
	1.92 MHz

	fc
	2 GHz

	Number of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3km/h

	CP length
	Fixed (short)

	Interference
	AWGN

	Frequency offset 
	Uniform in ±0.1 ppm

	Timing synchronization 
	Assumed perfect

	SSC sequences
	31 m-sequences

	S-SCH detection
	Coherent using P-SCH signal


4.2 Joint detection and combining
At the receiver, correlation values 
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, i.e., for scrambling sequences within the detected scrambling code group. Each group ID and frame timing hypothesis is then assigned a metric 
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 , where the eligible combinations of short codes and scrambling codes are obtained for each ID from (1) and (2). The metric corresponding to the home cell group ID is set to zero and the largest metric determines the decoded group ID and frame timing. For the permutation mapping (1), non-coherent combining of correlation values among opposite short codes in consecutive S-SCH symbols is also evaluated.
Performance will be evaluated using 1 S-SCH symbol or 2 S-SCH symbols for decoding, respectively. When using 1 S-SCH symbol there are 340 codewords of length 2 to evaluate, while for 2 S-SCH symbols there are 340 codewords of length 4 to evaluate. It can be noted that the 170 codewords of length 4 from [4] have a minimum Hamming distance of 3, however, since the frame timing is not known, the decoder also has to test all 170 codewords cyclically shifted in two steps (i.e., 
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), which forms the set of 340 codewords of length 4 to be evaluated. The minimum Hamming distance for this set of 340 codewords considering the cyclic shift is no longer preserved and equals 2, i.e., the same as for (1).  
4.3 Simulation results

The probability of S-SCH detection is plotted as function of Itgt/Ihome with Itgt/Ioc 
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dB for the permuted code (1) and the non-permuted code [4]. Fig. 3 contains the S-SCH detection probability when using 2 short codes from 1 S-SCH symbol. The non-coherent combining scheme also makes detection from 2 short codes but use 2 S-SCH symbols to accumulate correlation values, which is shown to give a gain. 
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Figure 3. S-SCH detection probability using 2 short codes for Itgt/Ioc 
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Fig. 4 contains the detection probability when using all 4 short codes of the 2 S-SCH symbols. This improves the detection performance compared to Fig. 3, but comes at a complexity increase, since the codewords are twice as long and also all correlation values from the previous S-SCH symbol have to be stored separately. 
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Figure 4. S-SCH detection probability using 4 short codes for Itgt/Ioc 
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The numerical results show that the scrambling scheme can be designed to solve the previously raised issue with less interference diversity of SC permutations in synchronous systems.  
5 Conclusions
We propose that frame timing and group ID is encoded by using permutation of the short codes in consecutive S-SCH symbols. 

The scrambling codes should then be allocated to cells such that the same short code is scrambled with different scrambling sequences in different cells.
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