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1. Introduction

  In last Riga meeting, multiple PSC (Primary Synchronization Code) issue was raised by [1]/[2]/[3] due to the SFN effect which means distorted channel estimation performance from cell-common PSC on the assumption of coherent detection for S-SCH in synchronous network. If we adapt non-coherent detection without channel estimation at P-SCH, we may not need to consider multiple PSCs issue. Therefore, before we decide whether single or multiple PSC is appropriate, it seems that we have to clarify the justice.
In this contribution, we will compare the performances between coherent and non-coherent detection, and the performances between single and multiple PSCs. In which, coherent detection means “Fully coherent detection”, not “Partial” as described in [8]. For multiple PSCs, we will take only three multiple PSCs into account since four PSCs can be used with low complexity at 1st step as described in [7]. 
2. Coherent vs. non-coherent detection
·  Preliminary
The correlation output metric for coherent detection can be expressed as equation (1).
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                                                      (1)
where 
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 are subcarrier index/root sequence index, respectively. 
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 are the selected S-SCH sequence/fading channel/AWGN, respectively. 
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 are, respectively, estimated channel/candidate sequence.
 Regarding non-coherent detection, if we consider ZC sequence for S-SCH, we can imagine two non-coherent detection methods. One is differential correlator [4], and the other is the correlator by using differentially modulated sequence [5]. Regarding later correlator, we will rule out it in this contribution since it shows very high PAPR (CM). Differential correlator which is former one consists of two stage detection; the first stage is IDFT (IFFT) operation for root sequence index like equation (2) and second stage for circular shift index is summed energy detection after IDFT (IFFT) by using detected root sequence index at the first stage.
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, for the 1st stage (for finding root sequence)                                                                                         (2)
· Simulation results
 We will compare the cell search time performance between coherent detection and non-coherent detection. We performed the simulation under multi-cell which consists of 19 NodeBs and each NodeB has 3 sectors, and propagation delay was considered.. The single PSC for 1st step was used in this simulation applying cross-correlation based detection. Reference symbol detection for 3rd step were performed by coherent detection using P-SCH and S-SCH as a phase reference. The CP configurations (short or long CP) were selected randomly for each subframe. Since we don’t know SCH CP information at 2nd step, we performed blind detection for S-SCH. The detailed simulation conditions can be referred by Annex A. 
The required information was randomly selected. Regarding information to be loaded in S-SCH, the number of shifts should not be more than 8 since the maximum delay spread of TU channel and propagation delay in order to allow non-coherent detection. Also, some kind of cell-planning will be needed for avoiding ambiguity for using differential correlator [6]. However, we randomly selected the information each dropping. The detailed simulation conditions were shown in Annex A. Note that the notation (Ns x Nc x Nf x Nr ) represents the total amount of information which is root sequence (Ns) / circular shifts (Nc) / rotated constellation (Nf-PSK modulation) / sector IDs for 3rd step (Nr). In this contribution, Nf is always 2 since the required frame sync info is 2.
 Figure 1 shows the cell search time performance of synchronous and asynchronous network for single PSC in ISD 1.732km. The loaded information in S-SCH is 64x8x2x3 (= # of bases x # of shifts x # of frame sync x # of sector IDs). The performance gaps between DFT-based coherent and non-coherent detection are about 9.5ms and 12ms in sync and async at 95% CDF, respectively. The performance gaps between LS coherent and non-coherent detection are about 7.5ms and 4ms in sync and async at 95% CDF, respectively. The performance gap between DFT-based and LS channel estimation is about 2.0ms in synchronous network and about 8.0ms in asynchronous network. This is due to the distorted channel estimation in synchronous network.
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(a) Sync. network (ISD 1732m, Single PSC)                             (b) Async. Network (ISD 1732m, Single PSC)
Figure 1 Coherent vs. non-coherent detection (ISD 1732m, Single PSC)
Figure 2 shows the cell search time performance of synchronous and asynchronous network for 3 PSCs in ISD 1.732km. The loaded information in S-SCH is 64x8x2x3 (= # of bases x # of shifts x # of frame sync x  # of sector IDs). The performance gaps between DFT-based coherent and non-coherent detection are about 10.0ms and 11.0ms in sync and async at 95% CDF, respectively. The performance gaps between LS coherent and non-coherent detection are about 1.0ms and 5.5ms in sync and async at 95% CDF, respectively. The performance gap between DFT-based and LS channel estimation is about 9.0ms in synchronous network and about 5.5ms in asynchronous network. The gap between coherent and non-coherent detection for 3 PSCs is larger than for single PSC.
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(a) Sync. network (ISD 1732m, 3 PSCs)                               (b) Async. network (ISD 1732m, 3 PSCs)
Figure 2 Coherent vs. non-coherent detection (ISD 1732m, 3 PSCs, (64x8x2x3) info)
Figure 3 (a) shows the cell search time performance of synchronous network for single PSC in ISD 500m. The loaded information in S-SCH is 64x8x2x3 (= # of bases x # of shifts x # of frame sync x  # of sector IDs). The performance of coherent detection shows similar to that of non-coherent detection at 95% CDF. This is due to the fact that distorted channel estimation affects the performance of coherent detection.
Figure 3 (b) shows the cell search time performance of synchronous network for 3 PSCs in ISD 500m. The loaded information in S-SCH is 64x8x2x3 (= # of bases x # of shifts x # of frame sync x  # of sector IDs). No performance gap between LS-coherent and non-coherent detection. However, the performance gap between DFT-based coherent and non-coherent detection is about 7.5 ms at 95% CDF.
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(a) Single PSC                                                    (b) 3 PSCs

Figure 3 Coherent vs. non-coherent detection (ISD 500m, (64x8x2x3) info, synchronous network)
· Observations
· In general, coherent detection shows the better performance over non-coherent detection even in synchronous network with single PSC under ISD 1.732km.
· The performance gap between coherent and non-coherent detection with 3 PSCs becomes larger than with single PSC in synchronous network.
· In case of ISD 500m in synchronous network, the cell search time performance between coherent and non-coherent detection is almost similar each other at 95 percentile with single PSC, regardless of channel estimation method.
· In case of ISD 500m in synchronous network, the performance gap between DFT-based coherent and non-coherent detection with 3 PSCs become larger due to relative accurate channel estimation compared with single PSC case.

3. Single PSCs vs. 3 PSCs

There is obviously trade-off between single and multiple PSCs. In synchronous network, using single PSC can acquire SINR gain in 1st step (timing acquisition), and using multiple PSCs can perform the S-SCH detection by accurate channel estimation at P-SCH. In asynchronous network, multiple PSC shows slightly worse performance, in spite of small loss, due to the multiple hypotheses in 1st step. 

Figure 4 depicts the cell search time performance with single PSC in ISD 1.732km according to the loaded information. The more loaded information makes the worse cell search time performance especially in synchronous network due to the fact that distorted channel estimation in sync network is affected when a lot of information is loaded in S-SCH.
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(a) Sync. network (ISD 1732m)                                              (b) Async. network (ISD 1732m)
Figure 4 Single PSC performance according to the amount of info (ISD 1732m)
 Figure 5 depicts the comparison of single and 3 PSCs with (64x[4,8,16,32]x2x3) info cases. In sync network, 3 PSC shows almost same as or slightly better performance than single PSCs since the S-SCH detection performance is slightly more dominant than timing acquisition performance in sync network. 
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(a) Sync. network (ISD 1732m)                                                 (b) Async. Network (ISD 1732m)
Figure 5 Single vs. 3 PSCs ((64x[4, 8, 16, 32]x2x3) info cases)
Figure 6 depicts the comparison of single and 3 PSCs with (16x32x2x3) and (64x64x2x3) info cases. In sync network, 3 PSC shows significant gain compared with single PSC. In these cases, S-SCH detection performance is quite more dominant than timing acquisition performance. Note that (16x32x2x3) info case, of which # of orthogonal sequences is 32, shows that 3 PSC is much better than single PSC unlike the (64x8x2x3) info case, of which # of orthogonal sequences is 8. This is due to the fact that the orthogonal (or quasi-) sequence is more sensitive than scrambling sequence.
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(a) Sync. network (ISD 1732m)                                           (b) Async. Network (ISD 1732m)
Figure 6 Single vs. 3 PSCs ((16x32x2x3) and (64x64x2x3) info cases)
 Figure 7 shows cell search time performance with ideal and practical timing acquisition. In ideal timing case, in which it cannot obtain SINR gain in sync network with single PSC, 3 PSC shows the significant improvement over single PSC. The neighbour cell search might be similar to this which might not require timing acquisition step in synchronous network [3]. Therefore, the dominant factor for overall performance is to be not timing acquisition (1st step) but S-SCH detection performance (2nd step). 3 PSC concept can improve S-SCH detection performance especially in neighbour cell search.
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(a) Sync. network (ISD 1732m)                                       (b) Async. Network (ISD 1732m)
Figure 7 Single vs. 3 PSCs (Ideal and practical timing, 64x32x2x3 info)
Figure 8 shows the cell search time performance in ISD 500m of sync network. The performance is almost same each other at 95 percentile since the improvement of S-SCH detection performance with 3 PSCs does not overcome that of SINR gain in timing acquisition with single PSC.
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Figure 8 Single vs. 3 PSCs, (64x8x2x3) info, sync network, ISD 500m
· Observations
· In single PSC, the extent of performance degradation in sync network according to increase of the amount of loaded information is being bigger than in async network due to ‘SFN effect’.
· There is trade-off between improvement of timing acquisition performance with single PSC and improvement of S-SCH detection performance with multiple PSC.

· From the simulation results, multiple PSC shows similar to or better performance than single PSC in general. (The ‘similar’ case is in ISD 500m of sync network.)
· It seems that neighbour cell search in sync network performance can be improved by multiple PSCs.

4. Conclusions

In this contribution, we investigated the comparison between coherent and non-coherent detection and also between single and multiple PSCs. Our conclusion can be found as following;
· Coherent detection is superior to non-coherent detection.
· Multiple PSC shows slightly or much better performance than single PSC in sync network except for ISD 500m case which shows similar performance each other.

· It is expected that multiple PSC can improve the detection performance especially in neighbour cell search under sync network.
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Annex A. Simulation conditions

A-Table 1 System parameters

	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier) for traffic
	73 (1.095 MHz)

	CP type / detection
	Short or Long CP (randomly) / blind detection

	Timing acquisition
	Cross-correlation based detection

	S-SCH detection
	Coherent detection / Non-coherent detection (by using differential correlator)

	Reference symbol detection
	Coherent detection by estimated channel at P-SCH and S-SCH

	Channel estimation
	DFT-based / LS (Least Square) channel estimation

	Averaging duration
	10ms for 1st step / 5ms for 2nd step / 5ms for 3rd step

	Used sequence
	P-SCH
	Single PSC [ 36 length Frank sequence (2x repetition) ]

	
	
	Multiple PSCs [3 PSCs were used, 36 length ZC (2x repetition)] [7]

	
	S-SCH
	71 length Circular shifted ZC with +1 (for 1st S-SCH) and -1 (for 2nd S-SCH) modulation

	
	Reference symbol
	24 length ZC with phase-rotated orthogonal sequence

	
	
	(Each NodeB has different root sequence)

	Amount of information
	S-SCH
	512 (64 seq bases, 4 delay info, 2 frame sync info)
1024 (16 seq bases, 32 dealy info, 2 frame sync info)

1024 (64 seq bases, 8 delay info, 2 frame sync info)
2048 (64 seq bases, 16 delay info, 2 frame sync info)
4096 (64 seq bases, 32 delay info, 2 frame sync info)
8192 (64 seq bases, 64 delay info, 2 frame sync info) 

	(except for CP info)
	
	

	　
	Reference symbol
	3 (Phase rotated)


A-Table 2 Multi-cell related parameters

	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 3 sector sites

	Number of NodeBs / sectors
	19 NodeBs / 57 sectors

	Antenna horizontal pattern
	70 deg (-3dB) with 20 dB front-to-back ratio

	Inter-site distance (ISD)
	500m, 1732 m

	Propagation model
	L=128.1+37.6Log10(R), R in kilometres

	Propagation delay
	Applied

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 Tx / 1 Rx

	Network condition
	Synchronous and Asynchronous network

	Channel model
	6-ray Typical Urban

	Vehicle speed
	3 km/h

	Frequency offset between BS and UE
	Uniform distribution within 5 ppm for each UE dropping

	
	(same frequency offset from all sites at a dropping)

	Frequency offset estimation
	Real estimation and compensation

	Sequence ID selection for each sector
	Randomly each UE dropping

	Criterion for successful cell ID detection
	If the local received signal power from detected cell is within 3dB of the strongest local received signal power
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(a) Multi-cell configuration                                             (b) UE dropping positions
A-Figure 1 Simulation environments
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