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1. Introduction
One of the remaining issues on SCH would be SSC mapping/scrambling details. In this contribution, we will summarize our views on those topics. In each section, we will show some simulation results together, and the simulation conditions/parameters were summarized in Annex A. We assume a good cell planning case for evaluation. That is, we consider two PSCs are different in two-cell model for the simulation. This document has been revised from R1-074210 with simulation results to compare some index paring schemes.
2. SSC mapping and scrambling
2.1 SSC mapping for frame boundary identification
We compare three proposals for SSC mapping; Swapping [2][3], Remapping [4], and D-BPSK (Differential-BPSK) [7]. 
In Swapping, the combinations of two SSCs across two S-SCHs within 10ms are same, but the frequency positions are different by swapping each other which provides information of 10ms subframe boundary. Swapping method can provide UE easier implementation and less complexity by simple integration across subframes because SSC indices in all subframes within a cell are same. 
Remapping provides more interference randomization between different cells across subframes when multi-subframe averaging is applied. In other words, since the SSCs across two S-SCHs are different, it gets scrambling effect across two S-SCHs as it is. 
With D-BPSK modulation, it can also provide same simplicity as much as Swapping. In addition, the pair of (SSC1, SSC2) for frame boundary information (5ms) is not required because it is given by differential sign. That is the number of hypotheses becomes almost half compared with Swapping.

As an example for complexity, each correlated output for Swapping and Remapping can be obtained as follows (assuming coherent detection, joint ML, 10ms averaging, 1 Rx antenna); 
· Swapping 

1. channel estimation and compensation for SSC a in f-th subframe
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where 
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, respectively represent received signal, fading channel, estimated channel, and AWGN.

2. integration of each SSC across subframe
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3. obtainment of correlation output for each SSC
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where 
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is SSC length (=31) and 
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 is SSC candidate (M-sequence) with index 
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4. calculation of metrics, 
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where 
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5. find max value among 
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· Remapping 

1. channel estimation and compensation for SSC a in f-th subframe
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2. obtainment of correlation output for each SSC at each subframe
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3. calculation of metrics, 
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where 
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4. find max value among 
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From step 3 for swapping and step 2 for remapping (eq. (3) and (6)), we can find that the complexity of remapping is as double as that of swapping. Basically, D-BPSK has same computational complexity as Swapping, but has fewer hypotheses than Swapping due to using sign information as 5ms subframe boundary.
Some remaining parts of this contribution will provide some comparison in terms of cell search time performance according to current working assumption. 
2.2 SSC scrambling code
SSCs are obtained as cyclic shifts of a single length-31 M-sequence generated by polynomial 
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 [1]. Therefore, only single memory or generator is enough for generating SSC.
We can get the scrambling codes 
[image: image24.wmf](

)

m

sn

 which is connected to P-SCH signal with cell identity 
[image: image25.wmf]m

 from original SSC by simple reverse operation as described in eq.(8).
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where the generated sequence length is 
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 represents SSC with index 
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.
Therefore, total number of available scramble codes is 31. By this approach, both SSCs and scrambling codes can be obtained by only single memory/generator.
The reverse sequence generated from original SSC by 
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 becomes another M-sequence set with certain shift value by 
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. Thus, its correlation property would be similar to random sequence because it is PN sequence.
Figure 1 depicts the cross-correlation properties of SSCs with scrambling codes between two cells for all cases. Because reverse m-sequence is also PN sequence, the correlation property is similar to randomly generated sequences. Averaged cell search time for each scrambling code is also shown in Figure 2. Swapping with Option 1 of Figure 3 in next section is applied for evaluation.
[image: image32.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF of cross-correlation btw two cells (for all cases)

cross-correlation value

CDF

randomly generated

reverse-m


Figure 1 Cross-correlation at SSCs between two cells
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Figure 2  Comparison of scrambling sequence (reverse m vs. randomly generated)
2.2 PSC-related scrambling codes
In last Orlando meeting, P-SCH related scrambling method was agreed. We consider following three options for PSC-related scrambling as shown in Figure 3. Option 2 which has six scrambling codes is obviously more beneficial than Option 1 which has three ones in terms of interference randomization. In addition, Option 3 which requires only three scrambling codes can get the same advantage as much as Option 2 which requires six scrambling codes by applying appropriate allocation of scrambling codes.
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(a) Option 1 (3 scrambling codes)                             (b) Option 2 (6 scrambling codes)
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(c) Option 3 (3 scrambling codes)

Figure 3 Three options for PSC-related scrambling
The illustrations applying Option 3 to Swapping, Remapping, and D-BPSK are shown Figure 4.
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(a) Adopting to Swapping
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(b) Adopting to Remapping
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(c) Adopting to D-BPSK modulation
Figure 4 Illustration of adopting scrambling method (Option 3 in Figure 3)

Figure 5 (Swapping) and Figure 6 (Remapping) show averaged cell search time for above three options in Figure 3. From the figures, we can observe that
· PSC-related scrambling, basically, provides interference randomization.

· Option 2 or Option 3 is the best choice for PSC-related scrambling.

· Option 3 is more preferable in terms of simplicity between Option 2 and Option 3.
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Figure 5 PSC related scrambling (Swapping)
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Figure 6 PSC related scrambling (Remapping)
2.3 SSC1-related scrambling (scrambling of 2nd SSC depending on 1st SSC index)
 The details on SSC1-related scrambling which is 2nd SSC scrambling [6] is dependent on 1st SSC index are FFS. In this section, we investigate SSC1-related scrambling method in addition to PSC-related scrambling. Basically, 1st SSC dependent scrambling of 2nd SSC would require more complexity when we adopt joint detection as described in section 2.1. We investigate SSC-related scrambling in addition to PSC-related scrambling in terms of cell search time performance (see Figure 4). For scrambling codes, we adopt reverse-M sequence for PSC-related scrambling, and randomly generated sequence for SSC1-related scrambling. Note that PSC and SSC1-related scrambling codes should be different kind of ones or generated from different polynomials.
Figure 7 shows averaged cell search time to investigate effectiveness of SSC1-related scrambling. From the result, we can observe that;
· In case of Remapping, SSC1-related scrambling does not help to reduce cell search time even though we pay more complexity for SSC1-related scrambling.

· In case of Swapping, SSC1 scrambling helps to reduce cell search time as much as remapping if we pay more complexity for SSC1-related scrambling.

· In case of D-BPSK, interference randomization cannot be effectively achieved even with both PSC-related and SSC1-related scrambling.
Therefore, we can infer;

· If we allow SSC1-related scrambling, Swapping would be good choice.

· If we do not allow SSC1-related scrambling,

· From complexity/simplicity viewpoint, Swapping would be good choice.

· From performance viewpoint, Remapping would be good choice.
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(a) TU 3km/h
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(b) TU 120km/h
Figure 7 SSC related scrambling
3. SSC index paring

In this chapter, we compare some proposals for SSC index pairing assuming Swapping. The following four cases were considered for evaluations;

· ‘Simple division paring’ (# of required codes: 28)
· 
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· ‘Half usage pairing’ (# of required codes: 14) [8]
· 
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· ‘Partial usage pairing’ (# of required codes: 19) [9]

· (SSC1,SSC2)= (0,1), (0,2), … , (0,18), (1,2), (1,3),…
· ‘Diagonal pairing’ [10][11]

· Only diagonal indices are used for SSC pairing.
In which, 
[image: image48.wmf]i

 is the index for SSC1 and 
[image: image49.wmf]j

 is the index for SSC2. 
[image: image50.wmf]CgrID

 means cell group ID (0~169).

For above four cases, the index value of SSC1 is always smaller than that of SSC2 in order to identify whether swapped or not.

We evaluate neighbour cell search time performance applying PSC-based scrambling only without SSC1-based scrambling. Also, because the parings in [10] and [11] are basically similar to each other, we use the index pairing in [10].
Figure 8 and Figure 9, respectively, show the cell search time performances in case that two cells have same PSCs which implies bad cell planning and in case that two cells have different PSCs which implies good cell planning. While the similar cell search time performances are achieved in ‘good cell planning’ case (Figure 9), Diagonal pairing achieved much faster cell search time (~30% @In/Ic in the figures) in ‘bad cell planning’.
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Figure 8 
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Figure 9 
4. Conclusions

As a conclusion, our views on SSC mapping/scrambling are summarized as follows; 
· PSC or SSC1-based scrambling codes: reverse-m sequence of original SSC generated by 
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 which is equivalent to m-sequence generated from 
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· # of PSC-related scrambling codes: 3 with length 31 (see. Figure 4)
· SSC mapping
· Allowing SSC1-related scrambling: Swapping (see. Figure 4 (a))
· Not allowing SSC1-related scrambling:
· Priority to performance: Remapping (see. Figure 4 (b) )

· Priority to complexity and simplicity: Swapping (see. Figure 4 (a))

· SSC index paring

· Diagonal pairing is preferable to help avoiding ambiguity from two SSC pair [10][11].
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Annex A. Simulation conditions/parameters
The simulation for neighbor cell search is performed by two-cell model. We assume different PSCs between two cells which is the case of good cell-planning. The methodology is similar to that described in [5]. The simulation environments are assumed as two-synchronized cells which are connected cell (Iconnected) and neighbor cell (Ineighbor). The signals from other cells (Iother) are modelled by AWGN. Replica-based correlation is averaged for timing and three cell identification using P-SCH during 10ms. After that, joint ML SSC detection is performed for detecting 170 cell group IDs and 10ms frame boundary with averaging during 10ms. Therefore, minimum cell search time would be 20ms. More simulation parameters are described in Table A-1.
Table A-1 Simulation parameters

	Parameters
	Explanations

	Carrier frequency
	2GHz

	Sampling frequency
	1.92MHz

	FFT size
	128

	CP type
	Short CP

	PSC
	63-length ZC with root indices 25, 29, 34 [1]

	SSC
	Circular shifts of 31-length M-sequence generated from x^5+x^2+1 [1]

	SSC mapping
	Swapping[2][3]/Remapping[4]/D-BPSK modulation[7]

	SSC scrambling code
	Reverse M-sequence from x^5+x^2+1 / randomly generated sequence

	SSC scrambling options
	Figure 3/Figure 4

	# of hypotheses on SSC
	340

	Averaged duration of PSC
	10ms

	Averaged duration of SSC
	10ms

	PSC detection
	Replica based

	SSC detection
	Joint ML (coherent detection)

	# of Tx/Rx antennas
	1 Tx and 2 Rx antennas

	Channel estimation
	Real estimation

	Frequency offset
	0kHz

	Frequency offset estimation
	None

	Channel model
	TU6

	UE speed
	3km/h, 120km/h

	Ineighbor/Iother
	　-3dB
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