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1 Introduction

At the previous meeting, RAN1#49bis, the following way forward was agreed regarding the scrambling of S-SCH

· 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

This document addresses the 2 FFS’s above.  We propose the use of a M-sequence for both of the scrambling codes described above.  We also examine the ‘Many-to-1’ relation between the scrambling code and the first sequence index.  We conclude that only 4 different scrambling sequences are necessary from a performance standpoint, and as each new scrambling code increases the S-SCH detection complexity we see no reason to have more than 4 different scrambling codes which depend on the first index of S-SCH.
2 Scrambling Sequences


[image: image1]
With the present working assumption both the first and the second sequences corresponding to two short SSC codes are generated from M-sequences and are further scrambled with a binary scrambling code depending on the P-SCH.  However the scrambling code design and the relation between the sequences for two SSC codes have not been decided.  

In this contribution, we propose that both the scrambling sequences are generated by the cyclic shifts of another  m-sequence generated from the primitive polynomial x^5+x^3+1 over GF(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)
By also using ‘unscrambled’ as possible sequences for both the 1st and the 2nd scrambling sequences 3 P-SCH and 30 SCH index scrambling sequences are easily generated.  This results in low maximum cross correlation between any two m-sequences, for any combination of scrambling sequences.  

3 Number of Scrambling Sequences

The purpose of introducing a scrambling sequence for the second short sequence which is based in the first short sequence is to reduce the probability that any two neighbouring cells will use the same short sequences.  However introducing these scrambling sequences also causes sequences which were originally nearly orthogonal to become correlated.  Therefore the number of scrambling sequences should be chosen to minimize the number of unscrambled collisions while keeping the number of scrambled collisions reasonable.  Table 1 shows the probability of collisions for the various number of scrambling sequences.  We define a scrambled collision to be whenever two different hypotheses with different short sequences become correlated because of the use of different scrambling sequences.  An unscrambled collision is whenever two different hypotheses use the same short sequence and the same scrambling sequence. 
Table 1: Probability of collisions in a synchronous network

	Number of Scrambling sequences
	Percentage chance of a scrambled collision
	Percentage of unscrambled collisions

	1
	0.00%
	2.94%

	2
	49.94%
	2.18%

	3
	65.96%
	1.93%

	4
	74.89%
	1.80%

	8
	91.69%
	1.60%

	16
	95.06%
	1.52%

	31
	96.54%
	1.47%


As the number of scrambling sequences increases, the number of unscrambled collisions decreases and the number of scrambled collisions increases.  

To determine the performance of these options we simulated each of the above options in both the synchronous and asynchronous environment.  In addition we consider two types of receivers the first performs ML detection and evaluates all possible combinations at every iteration, the second performs the detection in two stages, the first stage detects the first short sequence uses that information to choose the descrambling code for the second short sequence and then detects the second short sequence.
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Figure 1 Performance in an asynchronous environment, TU3 km/h SNR of –10 dB

[image: image3.wmf]0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of frames averaged over

Probability of Syncronization

AWGN noise with SNR of-6

1 scrambling sequences

2 scrambling sequences

3 scrambling sequences

4 scrambling sequences

8 scrambling sequences

16 scrambling sequences

31 scrambling sequences

2 stage detection

ML detection


Figure 2 Performance in an asynchronous environment, TU3 km/h SNR of –6 dB
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Figure 3 Performance in an asynchronous environment, TU3 km/h SNR of –4 dB

Figures 1 to 3 show the cell search performance in the asynchronous environment at different SNR regions.  We see that the ML receiver has significantly better performance than the two stage receiver.  For the ML receiver the performance for different numbers of scrambling sequences is almost identical, especially if 1 or more frames are considered.  When a single S-SCH is received there is a small performance improvement as the number of scrambling sequences increases.  This gain is almost entirely captured by only 4 scrambling sequences.  When a 2 stage receiver is used the performance degrades severely as more scrambling codes are used.  
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Figure 4 Probability of Synchronization in a synchronous environment, SNR <-4dB Case 3
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Figure 5 Probability of Synchronization to a cell with Signal strength within 1 dB of strongest Cell in a synchronous environment, SNR <-4dB Case 3
Figures 4 and 5 show the performance in a synchronous environment.  We see the same performance trend in the synchronous as we did in the asynchronous.  For the ML receiver there is a small performance gain for more scrambling sequences when a single S-SCH is received; however the majority of this gain is captured by only 4 scrambling sequences. When 2 or more S-SCHs are combined together there is no performance benefit of having multiple scrambling sequences.  For 2 stage receivers the is significant performance degradation as the number of scrambling sequences increases.  

As the complexity increases with the number of scrambling sequences, and there is little to no performance benefit to having more than 4 scrambling sequences we believe that there should be no more than 4 scrambling sequences.
4 Conclusion

In this contribution we examined the remaining issues facing the SCH, we propose that the following decisions be made

1) Scrambling codes for both the scrambling sequences be drawn from a second m-sequence 

2) At most 4 scrambling codes should be used on the second short sequence based on the first short sequence.  
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Simulation Methodology

We simulated two environments Synchronous in which interference from neighbouring cells is explicitly modelled and Asynchronous in which interference is modelled as AWGN noise.  For both environments we assume perfect time/frequency synchronization.  

For the synchronous environment a 57 cell environment was simulated with the UE located uniformly in the centre cell.  Each cell was assumed to transmit at the same time (perfectly synchronized), with a distance related delay equal to the distance from the NodeB to the UE divided by the speed of light.  Each cell’s signal is affected by an independent fast fading TU channel.  Based on the unicast SNIR, only the cell edge users (with a SNIR less than -4 dB) were simulated. 

We simulated each drop for a maximum of 5 Frames (50 ms), with the UE averaging the coherently received signal over multiple frames (using MRC based on CSI acquired from the P-SCH.  We assume the S-SCH structure is made up of 2 Hadamard sequences of length 32, which are interleaved on a per subcarrier basis.  The S-SCH sequence used is remapped for the second transmission in a Frame as shown in R1-072757.  

	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	Bandwidth
	1.25 MHz
	

	Operating Frequency
	2 GHz
	

	Minimum Mobile-to-BS Distance
	35 m
	

	Test Sector
	Centre Cell any sector
	

	Sector Orientation
	Bore-Sight Pointing
	

	Antenna Pattern
	70° (-3dB) with 20 dB front-to-Back, (
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	Path loss Model
	128.1 +37.6log10(d)
	d in km

	Log-Normal Shadowing Standard Deviation
	8 dB
	

	BS Shadowing Correlation
	0.5
	

	UE Noise Figure
	9 dB
	

	Thermal Noise Density
	-174 dBm/Hz
	

	NodeB Antenna Gain
	15 dB
	

	UE Antenna Gain
	0 dBi
	

	BS Maximum PA Power
	43 dBm
	

	Other Loss
	20 dB
	Including cable and penetration losses

	FFT Size
	128
	

	Cyclic Prefix Duration
	Short
	

	Channel Estimation Algorithm
	FFT based on P-SCH
	

	Cell Size
	1.732 km
	ISD

	P-SCH
	ZC sequences
	














2nd SCH sequence scrambling based on the index of the 1st sequence


1 of x (x≤31)





S-SCH scrambling Based on P-SCH 


(1 of 3)





M-sequence


(1 of 31)








� This table was produced using the mapping between hypotheses and short sequences given in the companion document � REF _Ref174166081 \n \h ��[4]�





_1225798491.unknown

_1225798496.unknown

_1225798460.unknown

