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1. Introduction

In the RAN1#49bis meeting, the S-SCH designs was agreed as follows - 31-length M-sequences, multiplexing of two short codes, the mapping onto the frequency domain, and the basics of the scrambling method [6]. The remaining open issues on the SSC design are - 
1. The details of the two scrambling sequences.
2. The mapping of system information onto the two SSC M-sequences (i.e. Cell ID groups, Frame timing and Number of Tx antennas).
The scrambling sequences are efficient in randomizing the interference between neighbor cells which are allocated the same cell ID group. However scrambling requires higher UE complexity, since the UE has to descramble the S-SCH first, in order to then detect the SSC M-sequences. Therefore the scrambling method selection should be based on keeping the UE complexity to a minimum.
This contribution proposes scrambling sequences which are able to minimize the UE complexity, and evaluates their performance. From the simulation results, we also recommend that the frame timing should be derived from these PSC specific binary scrambling sequence and not specifically included as a part of the Hypothesis resolution by SSC.
Section 2 derives a more precise and workable definition of the RAN WG1 Way Forward on Scrambling sequences and summarizes the current state of System Information mapping.

Sections 3 and 4 respectively propose the scrambling sequence design and System Information mappings for the SSC.
Section 5 gives the Simulation Results and Complexity comparisons.
2. RAN WG1 Current conclusions
This Section derives a more precise and workable definition of the RAN WG1 Way Forward on Scrambling sequences and summarizes the current state of System Information mapping.

The current RAN WG1 way forward [6] is as the following;
· Two Concatenated M-sequences each with 31-length.
· Interleaved mapping onto the SCH bandwidth (except for the DC sub-carrier, with the remaining sub-carriers reserved.
· Scrambling the interleaved two short SSC codes (M-sequences) with a scrambling sequence depending on the corresponding PSC sequence index.
· Scrambling the second SSC M-sequence with a scrambling sequence corresponding to the first SSC M-sequence index.

However we have not reached a conclusion on the details of scrambling sequences, or on system information mapping onto the two SSC M-sequences.
Detailed view - RAN WG1 Way Forward on Scrambling sequences for S-SCH
This section gives a more precise and workable definition of the RAN WG1 Way Forward agreement details.

Two scrambling sequences are agreed in RAN WG1 as follows;

· SC-1:
· Scrambling sequence depending on the corresponding PSC sequence index.
· SC-2:
· Scrambling sequence corresponding to the first M-sequence index of the SSC code (i.e. the first M-sequence).
Both the first and second SSC M-sequences are scrambled by the SC-1, and the second SSC M-sequence is scrambled by SC-2 after scrambling by SC-1.
Figure 1 shows the scrambling method for S-SCH according to the current way forward.
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Figure 1 RAN1 Agreed Way Forward - Scrambling method for S-SCH
Summary of the Current State - System information mapping
This Section summarizes the current state of System Information mapping
Up to 680 hypotheses resolutions on the SSC are necessary, in order to identify 170 unique cell IDs, frame timing, and the number of antennas [1]. In other words, translated in terms of the number of required SSC indices, identification of more than 680 combinations by only using the SSC M-sequence indices is required. This requirement can be satisfied by using 27 SSC M-sequence indices (27*27=729) [4].
Some companies have proposed approaches which exclude frame timing information derivation from the SSC M-sequence indices hypotheses mapping [2][3]. These proposals have the possibility to improve the detection error rate, because the number of required sequence combinations can be decreased. The following are the Pros/Cons of these proposals [2] and [3].
Approach 1: Permuting between the sub-frames [2]

· Pros:
· Required number of Combinations of M-sequence indices can be reduced by almost half.
· Cons:
· The total number of the SSC M-sequences is the same (i.e. 27).
Approach 2: BPSK modulation [3]

· Pros:
· Required number of Combinations of M-sequence indices can be reduced by almost half.
· Only 19 SSC M-sequence indices are needed (19*18=342).
· Cons: 
· For non-coherent detection, the detection failure of frame timing information would be increased, since the BPSK modulated signal is very sensitive to the unpredictable propagation phase shifts.
3. Proposal for scrambling sequences with frame timing indication
This Section proposes the scrambling sequence design of the SSC, which also supports frame timing derivation.
From sections 2.1 and 2.2, we should consider two aspects, reducing the total number of SSC sequences; and minimizing the complexity of the scrambling.
We propose an approach which supports derivation of the frame boundary by allocation of different SC-1’s, Sci and Sci' to sequential half-frames, as shown in Table 1 and Figure 2.

Six scrambling sequences are used, divided into three pairs of two scrambling sequences each, related to the PSC sequence index. The indication of frame boundary can be implicitly detected with the different SC-1’s. Table 1 shows an example, which assumes that cells 1 and 2 are grouped within the same eNB A (in other words, 2 sectors in one eNB A), thus the pair of SSC M-sequence indices is identical but the PSC’s are different. Cells 1 and 3 are shown in the Table 1 example as belonging to different eNBs A and B, with cell 3 assigned the same PSC sequence as cell 1, but in this case the SSC’s are different. After PSC identification, the UE narrows the SC-1s down to two out of the six, depending on the combination of the PSC sequence index, with the SSC’s.
After the above step, frame timing is derived as follows - using cell 1 in the Table 1 as an example, the UE can determine the frame timing by SC-1 detection of either Sc1 or Sc1'.
The remaining System information is embedded in the concatenated SSC sequences.
Table 1 Example of proposed scrambling sequences
	eNB
	Cell
	PSC sequence
	Pair of SSC sequence indices
	SC-1 for Sub-frame#0
	SC-1 for Sub-frame#5

	A
	1
	P1
	{ S1, S2 }
	Sc1
	Sc1'

	
	2
	P2
	
	Sc2
	Sc2'

	B
	3
	P1
	{ S3, S4 }
	Sc1
	Sc1'
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Figure 2 Proposed scrambling sequences to support derivation of frame timing.
The proposed scrambling sequences can randomize the interference from adjacent cells belonging to the same eNB (sectors). And they can also prevent false frame timing detection in case of a large phase shift, since the sequence length of SC-1 is longer than each SSC sequence.
Pros/Cons are the following;
Approach 3: Different SC-1 sequences for sequential half-frames
· Pros:

· Required Number of Combinations of M-sequence indices can be reduced by almost half.

· Only 19 SSC M-sequence indices are needed (19*18=342).
· The derived Frame timing has low sensitivity to large phase shifts.
· Cons:

· Additional SC-1 scrambling sequences are needed.
In order to reduce UE implementation complexity, we generate the three sets of pairs of SC-1s with a reversible characteristic to each other, by multiplexing with a common sequence. That is, the Sc1' is created by multiplexing the Sc1 and the common sequence (Sccommon). In the same way, the Sc1 is restored by multiplexing the Sc1' and the Sccommon. The selected sequences are shown in Annex B.
4. Proposal for System Information mapping
This Section proposes how the System Information mapping should be specified.

Because the second SSC M-sequence is scrambled by SC-2 corresponding to the first SSC M-sequence index, it is preferable to allocate the maximum number of hypotheses to the first SSC M-sequence index, to randomize the interference. This means that if other information such as the number of antennas is needed, it should be included in the second SSC M-sequence, since it restricts the selectable sequence indices. Moreover we suggest mapping with overlapped indices between the 1st and 2nd SSC M-sequences in order to reduce the number of candidates.
Figure 3 shows the Sharp proposal for System Information mapping.
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Figure 3 Proposal System Information mapping
5. Simulation and complexity comparison
We simulated the cell search time performance of the Proposed Scrambling sequence design of Section 3 and 4, and compared it to the two alternatives mentioned in Section 2.2.
Approach 1: Permuting between the sub-frames [2]
Approach 2: BPSK modulation [3]
Approach 3: Proposed Scrambling sequence design of Section 3 and 4 - Different SC-1 Scrambling sequences for sequential half-frames
Simulation setup
Table 2 shows the parameters of each S-SCH sequence for the cell search time comparison. We assume the number of hypotheses is 680. Indices of SSC sequences are selected at random for every trial. The interleaved SSC M-sequence is divided into two parts with length 31 each, and these are located on both sides of the DC sub-carrier based on the way forward [6].
For the P-SCH, the parameters are according to the RAN1 conclusion for the PSC [6].
Table 2 Comparison of 3 Approaches simulated - S-SCH sequences

	Parameter
	Approach 1
	Approach 2
	Approach 3

	S-SCH
	S-SCH structure
	Interleaved two M-sequences with 31-length [6]

	
	Frame timing information mapping
	Permuting between  sub-carriers
	BPSK modulation
	Different SC-1 sequences per half-frames

	
	Scrambling of concatenated SSC sequences
	63-length M-sequence
	63-length M-sequence
	Two 63-length M-sequences
(See in the Annex B)

	
	Scrambling of 2nd SSC sequence
	31-length Random sequence 
corresponding to 1st SSC specific sequence


The simulation conditions are shown in the Annex A.
Cell search performance

Figure 4 shows the cell search time performance compared for each Approach. It can be seen that the performance of Approach 1 and Approach 3 is superior to Approach 2. We consider that this difference comes from missed detection with large phase rotations. Approach 1 and Approach 3 have similar performance in the high SINR situation, whereas Approach 3 is slightly better than Approach 1 in the low SINR situation. However, Approach 3 has the advantage over Approach 1 of more robustness, since the smaller number of SSC M-sequence indices reduces the detection error rates. Another result (which is based on decreasing the number of hypotheses to 340) is shown in Annex C (i.e. excluding the antenna information from the hypotheses).
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(a) fD = 5.55Hz
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(b) fD = 55.5Hz
Figure 4 Cell search time performance comparisons
Complexity
In order to reduce cell search complexity, we suggest the modified correlator which needs only a slight increase in the number of computations compared to the basic correlator, as shown in Annex D.
Tables 3 and 4 show the complexity comparisons for separate detection and joint detection, respectively. In separate detection, the UE separately calculates the correlation of the received signal divided into the1st and 2nd SSC. In joint detection, the UE jointly calculates the correlation of the received signal with concatenated 1st and 2nd SSC.
We can see from the results that, for separate detection, Approach 3 significantly reduces the total complexity compared to Approach 1 which has similar performance, and almost the same complexity as Approach 2 which has worse performance - even though six SC-1s are used for Approach 3 and thus Approach 3 has the additional advantage of inherent frame timing detection. The result for separate detection is more relevant, because the total complexity for separate detection is much lower than for joint detection for all 3 Approaches. Therefore the very slight increase of complexity for Approach 3 for joint detection is not an issue.
Table 3 Complexity comparison for separate detection
	
	A
	B
	C
	D
	E = 2*(B+C)
	F = A*D+E
	Relative complexity

	
	Number of Multipliers
	Number of Adders
	Number of  Subtractors
	Multiplication computations
	Addition computations
	Total complexity
	

	Approach 1
	31
	1
	0
	27+26 = 53
	2
	1645
	142.42 

	Approach 2
	31
	1
	0
	19+18 = 37
	2
	1149
	99.48 

	Approach 3
	31
	3
	1
	19+18 = 37
	8
	1155
	100.00 

	680 Hypo*1
	31
	1
	0
	27+26 = 53
	2
	1645
	142.42 


Table 4 Complexity comparison for joint detection
	
	A
	B
	C
	D
	E = B+C
	F = A*D+E
	Relative complexity

	
	Number of Multipliers
	Number of Adders
	Number of Subtractors
	Multiplication computations
	Addition computations
	Total complexity
	

	Approach 1
	62
	1
	0
	340
	1
	21081
	99.99 

	Approach 2
	62
	1
	0
	340
	1
	21081
	99.99 

	Approach 3
	62
	3
	1
	340
	4
	21084
	100.00 

	680 Hypo*1
	62
	1
	0
	680
	1
	42161
	199.97 


*1: All system information is mapping onto 680 combinations of SSC M-sequence indices.
6. Conclusion

In this contribution, we propose SSC M-sequences which exclude the frame timing hypothesis information, with frame timing derivation supported by the Scrambling sequence design proposed above, instead.
The summary of the Proposed design approach is listed below;
· The pair of PSC specific binary scrambling sequences (SC-1s) indicates frame timing indication for decreasing the combination of SSC M-sequence indices, by allocating each of the pair to sequential half-frames.
· For low complexity, especially in case of separate detection, a smaller number of SSC sequence indices is needed.
· The first SSC M-sequence contains as many indices as possible for randomization of interference.
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A.　Annex A
A.1.　Simulation conditions

In this section, we show the simulation conditions for initial cell search.
Table A.1 shows the common simulation parameters for each simulation case. The total transmission power of the SCH symbol is the same for each structure. We define successful detection if the P/S-SCH sequence of the target cell, which has the average received signal power within 3 dB of the best cell, is detected correctly.
Table A.1 Common simulation parameters

	Parameter
	Assumption

	Multi-cell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	CP
	10 samples

	Channel models
	Typical Urban 6 rays (3km/h, 30km/h)

	Node-B transmission power
	43 dBm

	Node-B antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Frequency offset
	±5 ppm : modeled as uniform random variable

	Timing detection period
	1 frame

	S-SCH detection period
	1 frame

	Network synchronization
	synchronous


B.　Annex B
B.1.　Scrambling sequences depending on the PSC sequence index
We adopt the 63 length M-sequence from the primitive polynomial x^6+x+1 over GF(2) for SC-1. Table B.1 shows the six scrambling sequences (SC-1) and the common sequence.
The sequence set 1 to 3 are depending on each PSC sequence index, and the two M-sequences respectively multiplex the S-SCH symbol in the sub-frame#0 and #5. The second M-sequence of each set can be created by multiplexing the common sequence with the first M-sequence.
By using these sequences, the UE can contain the increase of complexity even though twice the number of SC-1s is used.
Table B.2 Scrambling sequence for SC-1
	
	63-length M-sequence

	Common sequence
	{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,-1,1,1,

-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,-1}

	Sequence set 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,-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,-1,-1,1}

	
	2
	{-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,-1,1,1,1,

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,-1}

	Sequence set 2
	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,-1,1,-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,-1,1,1,1,1,-1}

	
	2
	{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,-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,-1,1,1}

	Sequence set 3
	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,-1,1,1,1,1,

-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,-1,1,-1}

	
	2
	{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,-1,1,1,

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,-1,1,1,1,1,1}


C.　Annex C
C.1.　Simulation results of 340 hypotheses
Figure C.1 shows the cell search time performance in the case of 340 hypotheses. Approach 1 requires 19 SSC M-sequences indices, whereas Approach 2 and Approach 3 need 14 indices.
On the whole, the same tendency from the results can be seen as for 680 hypotheses. Slightly better performance than for 680 hypotheses can be also seen. We consider that this comes from the reduction of candidate SSC M-sequences indices for each Approach.
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Figure C.1 Cell search time performance comparison (340 hypotheses)
D.　Annex D
D.1.　Correlator design

We use the simple correlator as shown in Figure D.1. In this figure, the scrambling sequences SC-1 and SC-2 are omitted.
The received signal after the de-scrambled by SC-1 is represented as r(n), where n denotes sub-carrier number (n=1,2,...,62). And SSC1,i(m) and SSC2,i(m) denotes the replica signals of 1st and 2nd SSC sequence index i respectively, where m denotes the index number of each sequence (m=1,2,...,31). The correlation signal is represented as r'i(n). Each of correlation inputs to the two adders. One of the adders calculates the correlation value corresponding to the position of the positive value concerning the common sequence in Table B.2. The other adder similarly calculates the correlation value corresponding to the position of the negative value. Finally these two correlation values are input to both the adder and the subtractor, and the maximum value is chosen from the outputs represented as the C1,i and C2,i.
If the UE finds the maximum value from among the group of the C1,i, it means that this sub-frame is "sub-frame#0", and it can also say that the UE in the "sub-frame#5" detects the maximum value from among the group of the C2,i,.
 [image: image8.emf]Σ

Σ

・

・

・

・

・

・

S

S

C

1

,

i 

(

1

)

・・・

C

1

,

i

C

2

,

i

+

-

S

S

C

2,

i 

(

3

1

)

S

S

C

2,

i 

(

3

0

)

S

S

C

2,

i 

(

2

)

S

S

C

2,

i 

(

1

)

・・・

m

a

p

p

i

n

g

・

・

・

・

・

・

r'

i 

(1)

r'

i 

(2)

r'

i 

(7)

r'

i 

(61)

r'

i 

(3)

r'

i 

(4)

r'

i 

(5)

r'

i 

(62)

・

・

・

・

・

・

・

・

・

・

・

・

r(62)

r(60)

r(4)

r(2)

r(61)

r(59)

r(3)

r(1)

S

S

C

1

,

i 

(

2

)

S

S

C

1

,

i 

(

3

1

)

S

S

C

1

,

i 

(

3

2

)


Figure D.1 S-SCH correlator design
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