
3GPP TSG-RAN WG1#47bis








      








   R1-070381
Sorrento, Italy, January 15th – 19th, 2007
Source: 
Nokia
Title: 
Cell Search performance for different number of PSC in synchronized network
Agenda Item:
6.5.2
Document for:
Discussion and decision
1. Introduction

In RAN1#47, it has decided to continue discussion on the relative performance gap between single PSC and multiple PSC as well as coherent detection and non-coherent detection [1]. 
In this contribution, we evaluate the cell search performance of single PSC and three PSC in a synchronous network using system and link simulation as it is already known from the earlier RAN1 discussions that for asynchronous networks it is better to have single PSC instead of multiple PSCs. We focus on neighbour cell search performance since the performance of neighbour cell searches are typically more critical than initial cell search, which occurs rather infrequently and does not impact service continuation during mobility. 
2. Assumptions
We assume a 19 cell wrap around cellular layout with 3 sectors per site as section A.2.1.1.1 in [2].
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Figure 1, 19 cell layout
With the sector id labelled as Figure 1, we can define the reuse pattern of three PSC case as below:
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where i is sector index and PSC index could be either 1 or 2 or 3.
In order to correct model the interferers in link simulation, we need to understand the interferer’s delay distribution and percentage within total interference for inter site low geometry case where cell search time might of more concern. This is done by dropping a lot of mobiles in the 57 sectors and doing a statistics on all mobiles whose geometry match the region we use in the link simulation and with the top three interferers coming from other sites. Some parameters of the system are listed in Table 1:
Table 1, major system parameters

	Parameters
	Assumptions

	Cellular layout
	19 cells, 3 sectors per site, wrap around

	Centre frequency
	2GHz

	Distance dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8dB

	Shadowing correlation between cells
	0.5

	Antenna pattern
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 = 70 degrees,  Am = 20 dB 

	Inter site distance
	1732m


After dropping 500UE/sector users into the 57 sectors, we do a statistics on all users whose geometry is between -2dB and -10dB with the top three coming from inter site and we found that the interference for the low geometry UEs mainly comes from top four strongest interferers and their average percentage within the total interference is listed in  

Table 2, interference percentage of top 4 strongest interferers

	Interferer index
	Percentage
	Same site signal?

	1
	38.52%
	No

	2
	14.44%
	No

	3
	5.69%
	No

	4
	5.97%
	Yes

	Total:
	64.62%
	


It can be seen that due to antenna sectorization, inter site low geometry UEs mainly suffer from interference coming from its neighbouring sites. And we will use the above average percentage in the link simulations in order to study interferer’s impact on the neighbour cell search performance if single PSC or multi PSC is applied. The rest interference other than those top 4 is a sum of all the rest sectors with each individual accounts for less than 3 percent, so it will be modelled together as an addictive white Gaussian noise.
Besides the average percentage of top four strongest interferers within the overall interference, the relative delay between signal and those four top interferers also needs to be considered in order to model the energy enhancement effect during step 1 of searching PSC when one PSC is applied. And due to the reuse 3 pattern when 3 PSC is applied as in Figure 1, we also studied the PSC index distribution of the top 4 strongest interferers when we assume signal is always using PSC 1. 
The intra-site interferer’s relative delay to signal can be modelled as zero. And the rest 3 strongest inter site interferer’s relative delay is gotten from the statistics done in the system level and it is shown in Figure 2. The resolution is sample and we use sampling rate 1.92MHz due to the narrow band nature of the SCH. It can be seen that the stronger the interferer is, the highly likely it will overlap with the own signal and hence enhance the energy of P-SCH if its PSC happens to be the same as the signal’s. And if the interferer happens to overlap with the signal in time and the PSC code the interferer is using happens to be the same as the signal’s, the channel estimated with P-SCH might be a sum of two or more independent channel and hence bias the coherent detection of S-SCH. This often makes coherent detection rather risky although on the theoretical level coherent detection would seem desirable. In order to ensure good mobility support on the field the UE needs to ensure good cell search performance in various practical radio and deployment scenarios.
For three PSC case, if we fix signal’s PSC index to be always 1, we will model the intra site interferer’s PSC index to be 2 or 3 with half probability each. And for the three top strongest inter site interferers; we do a statistics on the possibilities of each interferer’s distribution on all three possible PSCs. The PSC index distribution is listed in Figure 3. Figure 3 shows that even in case of ideal hexagonal cell layout an interfering cell has the same PSC index as the serving cell with noticeable probability. Furthermore, as already discussed in RAN1, it is expected that the situation becomes even worse in more practical deployment scenarios. This is also one of the main reasons why neighbour list in cellular systems are typically clearly higher than 3. 
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Figure 2, top 3 inter site interferer's relative delay to signal, CDF
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Figure 3, top 3 inter site interferer's PSC index distribution for three PSC case when signal is always PSC 1
3. Simulation results

In the simulations we have split the neighbour cell search time into two parts:
· Time spent to detect fine timing of neighbour cell if coarse timing is known
· We believe in a synchronous network, neighbour cell’s fine timing search only needs to be performed in a narrow range because coarse timing is known from the serving sector. In simulation we will use [-18, 18] of the expected position. For bigger cell this range needs to be bigger. And fine timing is considered detected if it falls into [-1, 1] of the first multipath’s time position  
· Time spent to detect S-SCH when 5ms timing is known

Some link level simulation assumptions are listed in Table 3.

Table 3 Simulation parameters setting

	Parameter
	Assumption

	Channel Model
	TU (6 paths)

	Interferer Model
	Table 2, Figure 2 and Figure 3

	P-SCH and S-SCH sequences 
	PN sequences, one or three PSC, 64 S-SCH patterns

	Antenna Configuration
	1 by 2
	Max Ratio Combing for coherent detection

	
	
	Per antenna correlation and selection combing for non-coherent detection

	Carrier Frequency Offset
	5ppm

	Averaging
	No averaging over SCH repetition periods

	Number of sub-carriers for P-SCH/S-SCH
	72

	UE speed
	3km/h, 30km/h

	Frame format
	Generic  frame, P-SCH and S-SCH are transmitted twice per 10ms with S-SCH collocated in the same sub frame as P-SCH


Figure 4 shows the time spent to detect fine timing when one PSC or three PSC is applied for both TU3 and TU30 case.. It can be seen that time spent to detect fine timing in one PSC case is equal or less than in three PSC case except one abnormal point.
Figure 5 shows the time spent to detect S-SCH when fine frame timing is known. The comparison is between one PSC non-coherent detection case and three PSC coherent detection case. It can be seen that three PSC coherent detection case  performs slightly better than one PSC non-coherent detection case for both TU30 and TU3.   
[image: image7.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2

20

25

30

35

40

45

SNR(dB)

Step 1 %90 Cell search time(ms

Sync Network

Three PSC TU30

Three PSC TU3

one PSC TU30

one PSC TU3


Figure 4, Time spent on finding fine timing, comparison between one PSC and three PSC
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Figure 5, Time spent on finding S-SCH when fine timing is known, comparison between three PSC coherent detection and one PSC non-coherent detection
In Figure 7 simulation results for the combined step 1 and  step 2 cell search time are presented. The case with 3 PSCs performs slightly better than the case with one PSC. However, it is unclear whether this level of performance differences can be distinguished in the minimum performance requirements that RAN4 needs to develop for cell identification, especially as the same minimum performance requirements are typically valid for many different scenarios and various implementation impairments need to be simultaneously considered. In practice performance differences between terminals in handover evaluation can be observed not only due to different cell search procedure details but also due to different general sensitivity levels in the terminal. For instance slightly longer cell search time could be compensated with better UE sensitivity level, which would then mean earlier neighbour cell detection in practice.
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Figure 7 Time spent on finding both P-SCH and S-SCH, comparison between three PSC codes and one PSC code
4. Conclusions

In this contribution we have compared three PSC coherent detection with one PSC non-coherent detection in a synchronised network by system and link simulation method for inter site low geometry case. We have concentrated on neighbour cell searches as the performance of neighbour cell search is typically more critical than the one of initial cell search, which occurs rather infrequently and does not impact service continuation during mobility. . Our results showed that for a synchronous network one PSC is better in step 1, and the combinedstep1 + step2 neighbour cell search time for three PSC case is slightly better, in order of 10ms to 20ms., It is questionable whether this level of performance differences can be distinguished e.g. in the minimum performance requirements that RAN4 needs to develop for cell identification as the same minimum performance requirements are typically valid for many different scenarios and various implementation impairments need to be simultaneously considered. Furthermore, in practice performance differences between terminals in handover evaluation can be observed not only due to different cell search procedure details but also due to different general sensitivity levels in the terminal. For instance slightly longer cell search time could be compensated with better UE sensitivity level, which would then mean earlier neighbour cell detection in practice. Additionally it has already noted earlier in the RAN1 discussion that this potential performance enhanced from multiple PSCs would only be possible in synchronised networks. For asynchronous networks it is better to have single PSC instead of multiple PSCs. Thus, in our opinion this small performance improvement in limited scenarios does not justify additional PSC codes in our view. Moreover, the current assumption in this simulation is that there is need to search for all S-SCH during neighbour cell search due to no neighbour list exists. In case there is neighbour list exists when performing step 2, the advantage of having 3 PSC could be diminished even further because the search will only be made in a subset of all possible S-SCH patterns. 
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