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1. Introduction
The last RAN1 meeting in Sorrento made the following working assumption agreements on the cell search area:
· Three P-SCH sequences will be defined
· S-SCH is used for finding a correct Cell ID group out of 170 Cell ID groups. Also frame timing is detected from S-SCH

· One out of 3 Cell IDs is detected from reference signals in step 3

· Additionally it was considered that Depending on P-BCH transmit diversity scheme the number of antennas, if that information is needed, will be detected in stage 1, 2 or stage 3

In this contribution we analyse the decisions and their implications in terms of practical network deployments, cell planning constraints and UE performance requirements.  We also propose a way forward for ensuring good mobility support in the E-UTRA system.
2. Stringent sequence planning
Three P-SCH sequences were selected for cell search purposes as it was shown to provide minor gain in cell search performance when synchronized network and tight network sequence planning (using 3 sequences) were assumed and rather ideal terminal assumptions were considered. It was already shown that even in a hexagonal network layout and synchronized network sequence planning using three sequences is quite difficult. In the document [1] (also illustrated in Figure 1) it was shown that even in case of ideal hexagonal cell layout  there is noticeable probability for an interfering cell to have the same PSC index as the desired cell in the cell search procedure. As also recognised in RAN1 it is expected that in practical deployment scenarios it is even more likely sequence planning using three sequences is not sufficient for ensuring good enough neighbour cell search performance. This is also one of the main reasons why neighbour list in cellular systems are typically clearly higher than 3 (intra-frequency neighbour list size of 32 is supported in UTRA).
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Figure 1 From [1]: Top 3 inter site interferer's PSC index distribution for three PSC case when signal is always PSC 1
RAN1 finally considered in Sorrento that planning of three P-SCH sequences would be possible in practical NW deployments and decided to define three P-SCH sequences for the cell search purposes in E-UTRA.  However, it was also decided in the same RAN1 meeting to select rather high number of cell specific sequences (170 Cell ID groups * 3 RS sequences = 510 ) for differentiating cells from each other. These two decisions seem quite contradicting from each other as at one hand it is considered that extremely limited number of sequence (namely 3) would be sufficient for practical NW deployments but at the same time the total number of sequences is significantly higher than 3. It would seem that that if it is possible to do tight P-SCH planning in the network, it should also be possible to do tight planning of other cell specific sequences. 

For ensuring good cell search performance in real terminals and in practical E-UTRA deployment scenarios, it is important that all cell search steps assume the same network synchronization and sequence planning assumptions. We feel that the latest RAN1 decisions require some balancing between different steps of the cell search procedure in order to obtain a good and robust solution for practical deployment scenarios. In order to achieve this balancing we would like to understand the view of RAN4 on whether the sequence planning assumptions using three sequences are realistic. 

It is expected that cell search performance could be improved and UE complexity decreased further in the second and third step of the cell search procedure if sequence planning using only rather limited number of sequences is possible. Thus, if sequence planning using three sequences is seen practical in real network, we would like to encourage significant reductions of cell specific sequences and neighbour cell list size per frequency layer are considered. 
Alternatively, if the sequence planning using three sequences is not seen realistic in real networks and practical deployments, it is proposed that RAN4 indicates its findings to RAN1 and suggests balancing of the assumptions used for deciding signals and sequences to support cell search.
It is also a bit unclear what the value of the 3rd cell search scheme really is in the RAN1 working assumptions, as only 1 out 3 Reference Signal sequences needs to be searched for in the 3rd step. This type of a 3rd step provides very little gains in terms of UE complexity and it does not seem to provide clear system benefits either.
3. Simulation results
In this section we present cell search simulation results for a case where 

· Cell search schemes with 3 P-SCH sequences and 1 P-SCH sequence are compared

· For both P-SCH schemes 1 out of 170 cell ID groups and frame timing are detected from S-SCH
· In the 3rd cell search step 1 out of 3 RS sequences is identified. Additionally Cell ID is identified. 
First in Figure 2 we compare cell search times of the first cell search step at the 90% probability level. Then in Figure 3 we present the corresponding results for the second cell search step and Figure 4 results for the third step. Finally in Figure 5 the total Step 1 + Step 2 + Step 3 cell search times are shown. Additionally for comparison purposes the total Step 1+ Step 2 cell search time is shown in Figure 6.
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Figure 2: 1st Cell Search Step
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Figure 3: 2nd Cell Search Step
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Figure 4 3nd Cell Search Step. The performance is the same for 1 P-SCH and 3 P-SCH cases
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Figure 5: Total Step 1+ Step2+ Step3 Cell Search Time
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Figure 6 Total Step 1+ Step2 Cell Search Time
The simulation results indicate quite small cell search performance gains for a cell search concept relying on three P-SCH sequences even with favourable and quite ideal assumptions. In the comparison coherent detection has been used in the second step. This is quite risky assumption for practical implementations as it requires that P-SCH sequence planning works quite ideally. As seen in Figure 5  performance gain even in this synchronised and well planned network without any terminal imperfections is only in order of 10 - 25 ms for the total cell search time. We would like to understand whether this type of performance differences can actually be distinguished in the UE minimum performance requirements and whether companies have been thinking how this could be achieved. For a reference we would like to remind that in the UTRA FDD the UE has to be able to identify a new intra-frequency cell within 800 ms (when no compressed mode is applied) and that in UTRA synchronisation and common pilot channels are transmitted more frequently than the synchronisation and reference signal channels in E-UTRA. 
If the same UE cell identification requirements are defined for synchronised and asynchronised network assumptions, it is impossible to ensure any performance benefits from the cell search scheme relying of three P-SCH sequences.  Thus, we would like to understand whether there is an intention to develop separate UE cell identification requirements using synchronised and asynchronised network assumptions in RAN4.
When comparing cell search times in Figure 5 and Figure 6 we can observe that the step 3 in this cases increases the total cell search time by 10 to 20 ms, which is in the same order as rather ideal performance gain achieved using 3 P-SCH sequences. By removing the third step and thus using in total 170 cell specific sequences instead similar cell search time improvements could be achieved as with 3 P-SCH sequences. The main difference would be that the removal of the 3rd step in this way would also benefit cell search performance in asynchronous networks and thus, would be more applicable for wider E-UTRA deployment scenarios. Additionally by having only 1 P-SCH sequence instead of 3 P-SCH sequences stringent P-SCH sequence planning even in synchronised networks would not be needed.
5. Conclusions
In this contribution we have reviewed the RAN1 decisions on common channel and sequence design for supporting cell search, which is an essential element of E-UTRA mobility support and specifically in the identification of a new cell during handover or cell reselection evaluation. The common channel and common channel sequences are also utilised in the initial cell search but the performance of the initial synchronisation is not expected to be that critical from the system performance perspective.  Thus, we feel that it is essential to ensure good cell search performance in neighbour cell search rather than in the initial synchronisation, which have been studied in RAN1 quite extensively. We also see that it is important to ensure good cell identification performance in practical deployment scenarios. 
Based on our initial analyses presented in this contribution it would seem that RAN1 has put quite a bit of effort in improving cell search performance in a synchronised network where a rather ideal sequence planning of 3 different P-SCH sequence is assumed for a hexagonal network layout but at the same time no knowledge of which one of the 170 code groups the UE should search for is available. This type of an assumption does seem quite realistic and balanced. At least at first thought one would assume that if it is possible to do tight sequence planning for P-SCH, it should be possible to do better S-SCH sequence planning as well and thus, a lot more limited search of S-SCH sequences should be also sufficient. In order to ensure robust and well performing cell identification the assumptions and optimisations used in the common channel and sequence design for supporting cell search should be well aligned. Unfortunately this does not seem to the case at the moment. It is therefore propose that this imbalance in the RAN1 assumptions is indicated to RAN1 in form of a LS. 
In the document we also discuss whether and how it would be possible to distinguish UE implementations utilising and not-utilising possible benefits that 3 different P-SCH sequences could provide. It is felt that the only way that this could even theoretically be achieved is by defining separate UE cell identification requirements using synchronised and asynchronised network assumptions. However, even in this way it is rather challenging goal to achieve as performance differences observed in our simulations are in order of 10 -25 ms. We would like RAN4 to consider whether it is possible and desirable to define these separate UE cell identification requirements. If it is felt that it is not practical to set clearly different UE cell identification requirements for these two cases, it is recommended that this information is shared with RAN1 so that RAN1 can concentrate on performance optimisation, which also is beneficial in practical E-UTRA deployments.
In the contribution we also show an alternative way of achieving similar cell search time improvements as achieved with 3 P-SCH sequences in synchronised networks with stringent sequence planning. This alternative approach would also be applicable for asynchronous networks (without P-SCH sequence planning).
6. References
[1] R1-070381, Cell Search performance for different number of PSC in synchronized network, Nokia
Annex: Main Simulation Assumptions

	Parameter
	Assumption

	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

	Channel Model
	TU 

	P-SCH and S-SCH sequences 
	PN sequences, one or three P-SCH (PSC), 170 S-SCH patterns

	3rd step
	3 RS sequences per group

RS in 1ms containing BCH/SCH pair is used to convey cell Id. Totally 48 tones are used to encode cell Ids. BCH is assumed to be transmitted once every 10ms.

	Antenna Configuration
	1 by 2

	Carrier Frequency Offset
	0 ppm
	Max Ratio Combing for coherent detection

	
	
	Per antenna correlation and selection combing for non-coherent detection

	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
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