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1. Summary of Cell Search e-mail reflector discussion
To progress work on cell search, an e-mail reflector discussion was started on the following topics that were discussed in RAN1#47 [1] –

a. Performance comparison between 3-step vs.  2-step with breakdown of cell search performance at  each stage.

b. P-SCH
i) Single vs. Multiple PSC in a synchronous network 
ii) P-SCH sequence design 
 
c. S-SCH
i) Performance difference between Coherent and Non-coherent S-SCH index detection.
ii) S-SCH sequence design 
 
d. Non-initial cell search design
Table 1 summarizes the views from participating companies.
Table 1.  Summary of cell search (CS) email discussion.
	Company
	Performance Comparison between 2step vs. 3 step CS
	P-SCH issues
	S-SCH issues
	Non-initial CS design

	Interdigital
	-
	i) 3-PSC 
ii) Time-domain Frank sequence of length 16 with 4  

repetitions ( R1-062495).
	i) Performance of coherent and non-coherent detection are similar
ii) GCL or ZC sequence supporting 64 group IDs.
	-

	CATT
	3-step approach
	i) Multiple PSC
ii) 2-X repetition in time domain
	i) Non-coherent S-SCH index detection has better performance (synchronous TDD)
ii) GCL or ZC sequence.  We proposed a frequency reuse factor of 3 with a GCL/ZC sequence of length 2
	SCH can be used for non-initial cell search, similar to the initial cell search

 



	Ericsson
	3 step approach. Target relatively small cell ID groups (e.g. 171 groups with 3 cell IDs in each group) 
	i) One  PSCH
ii) Frank sequence
	i) Use relatively simple orthogonal codes such as Walsh-Hadamard.
	Same as initial cell search

	Texas Instruments
	3-step cell search with 2 or at most 3 hypotheses (size of cell ID group) in stage 3. (R1-070262)
	i) Use of 3 or at most 4 PSCs.
ii) Some form of 2x repetition in time domain: enable accurate frequency offset estimation (R1-070261)

	i) Coherent detection although non-coherent detection cannot be ruled out.
ii) Prefer FEC based design (R1-070261)
	SCH can be used for non-initial cell search, perhaps with side information, e.g. from neighboring cell BCHs.

	Nokia
	Prefer 3-step since performance difference between 2 and 3 steps are same
	Single P-SCH
	Non-Coherent detection
	Maximum resue  of the intial cell cell search design in order to reuse HW and SW.


	Nortel
	Prefers 3-step search procedure and small cell group size. For example, the NodeB ID is determined by step-2 cell search based on S-SCH and the cell ID (belong to the same NodeB) is obtained by the step-3 cell search based on DL RS
	i) Currently prefer single PSC. Tradeoff between performance and complexity needed to be considered for multiple PSC.

ii) Prefer PS-SCH with 2x repetition (R1-070447)
	i) Prefers coherent detection but open to non-coherent detection.
ii) Binary sequence


	Same as initial cell search but could be simplified using neighbor list

	Qualcomm
	2-step better than 3-step. Refer R1-070428 and R1-070429
	i) Use single P-SCH sequence to minimize UE complexity.
ii) Frank sequence


	i)Coherent: Use P-SCH as a phase reference for S-SCH
ii)Based on ZC seq
	Based on beacons as per R1-070430

	ETRI
	
	3PSCs  and different time offset between different node Bs
	BPSK (or QPSK) modulated ZC
	Non-synchronized network case: similar to initial cell search
 Synchronized network case: the search window of the first step can be reduced.


	LGE
	Prefers 3 step procedure only with small number of hypotheses at 3rd step.
	i) Use multiple PSC up to 4 since complexity can be reduced (R1-070230)
ii) Frank sequence for single PSC and ZC sequence for multiple PSC (R1-070230)
	i) Coherent detection (R1-070229)
ii) Circularly shifted ZC (R1-070231)
	Similar to non-initial cell search, 1st step complexity can be reduced by searching specific duration.

	Motorola
	Performance difference between 2 step and 3step search procedure is marginal.
	i) Prefer single P-SCH sequence since the performance difference between single and multiple P-SCH is marginal (R1-070145)
ii) ZC Sequence
	i) Prefer fully coherent  or differential coherent detection as per R1-070146
ii) ZC sequence modulated with complex exponential wave as per R1-070146
	Similar to initial cell search but using neighbor list which provides cell specific information (R1-070144)

	TD Tech
	3-step
	i) Multiple PSC

II) Extension approach (R1-061782)


	
	

	Huawei
	3-step
	i) One PSC

ii) Golay complementary sequence
	i) Non-coherent detection. Also, S-SCH should allow for reliable detection while maintaining low receiver complexity without any need for differential decoding.

ii) S-SCH is based on binary sequences, such as Hadamard sequences modulated with a Golay sequence
	

	NEC
	No strong view
	i)Prefer single PSC

ii)PSC must not be symmetrical or repetitive in time domain
	SSC should be symmetrical in time domain for frequency offset estimation and blind CP length detection
	Should be the same as Initial cell search to reuse common HW/SW design.

	Samsung
	3-step is preferred, but the number of hypotheses for the 3rd step is preferably small.
	Single-PSC is preferred
	Non-coherent detection
	same design as initial cell search in order to reduce implementation cost (by sharing common HW engine)

	ZTE
	3-step
	i) Multiple PSC

ii) 2x repetition in time domain
	i) Coherent detection
ii) Preference towards FEC based
	Same as initial cell search


The following discussions also took place:

Nokia indicated that they don’t want to use P-SCH as a phase reference for S-SCH since some form of planning is required to support multiple PSC’s. Further, as per their understanding multiple PSC’s are needed for coherent detection of S-SCH in a synchronized LTE system.

Qualcomm indicated that one approach to ease cell planning might be to use a combination of techniques suggested so far - use multiple PSC sequences as suggested by some proponents of Approach 1 and then dither them in time, like in Approach 2. For Approach 1, this might mean that both PSC and SSC are time dithered together though. In any case, if there are 3 PSC sequences and 3 time dithers, there are 9 possibilities.  They asked for views on effectively increasing the reuse to 9, by using 3 PSC sequences and further time dithering it?
TI indicated that multiple P-SCH instances can be obtained via the following methods:

1. code-domain (mostly understood, simply use different codes)

2. frequency-domain (e.g. with frequency reuse 3 across cells)

3.  time-domain (e.g. TTI-level shift, dithering, cyclic shift of PSC)

Suggest to make decision on the above topics in the Sorrento meeting based on face-to-face discussions and input received over the e-mail reflector.




























































































































































































































































