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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-bis
a. P-SCH design:

 Two major design categories :

i) Two times repetition in time domain using frequency  or time  domain ZC sequence

 ii) No repetition in time domain but using time domain Golay sequence

Comparing the above  two  variations with respect to auto-correlation, cross-correlation, frequency domain spectrum, non-initial cell search etc. will help us to determine a good P-SCH design

b. S-SCH design:

Three variation have been proposed

i) ZC based sequence

ii) Binary sequence

iii) FEC based design 

c. Detection of Hopping on/off and #antennas for BCH

i) Using S-SCH or DL-RS

ii) Can we always turn the Hopping on or always turn it off so that one doesn't need to detect it.

d. Tx diversity scheme for BCH 

i) In WG1#48, it was concluded that if the transmitter diversity scheme for P-BCH is specified, there will be one to one mapping between the number of antennas and transmit diversity scheme.

d. Coupling between P-SCH and 2-D orthogonal sequence  (OS) 

i) There is already a one-to-one relation between 3- P-SCH's and Cell ID's and between Cell ID's and three 2-D orthogonal sequence (OS). 

ii) Based on (i) one can associate P-SCH with 2-D OS

e. Transmitter diversity scheme for SCH

i) Benefits compared to no Tx diversity

ii) If there is a benefit  choice between  PSV, FSTD etc
Table 1 summarizes the views from participating companies.
Table 1.  Summary of cell search (CS) email discussion.
	Company
	P-SCH  Design
	S-SCH Design
	Detection of Hopping on/off and #antennas on BCH
	Tx-diversity scheme for BCH and SCH

	CATT
	ZC sequence with 2x repetition in time domain 

	ZC-based sequence.
	Information of #antennas, hopping on/off should be transmitted in S-SCH. 
	

	Ericsson
	No repetition in time-domain using BPSK sequence.
	S-SCH is constructed as pair of two sub-sequences using Hadamard sequences
	Hopping: No need for detection. Only Hopping/shifting, including the two alternatives i) Hopping and ii) Shifting
#Antennas: Use SCH
	BCH: SFBC

	Texas Instruments
	ZC sequence with 2x repetition in time domain [R1-071469]

	Prefer FEC-based design
	Hopping: Prefer RS shifting always on (no need for detection)
#Antennas: Detected using S-SCH

R1-071467/1468
	-

	Nokia
	No 2x repetition in time domain. ZC or Binary sequence.
	Sequences that allow efficient correlation through some kind of hierarchical processing are preferred.  
	Hopping: No need to detect hopping.  Only one RS pattern, either hopped or shifted, associated with each cell ID.
#Antennas: DL –RS if required
	BCH: FSTD
SCH: PVS/TSTD

	Nortel
	Prefer 2-x repetition but O.K with 1-x repetition if it has good frequency offset estimation.
	Two sub-sequences based S-SCH structure with the consideration of the detection performance and the complexity for both the initial cell search and the neighbor cell search. Type of the sequence, either ZC or random binary sequence.
	FFS
	BCH: SFBC/FSTD
SCH:  Considered together with the selection of the TxD scheme for P-BCH and the possibility to reuse the S-SCH as the phase reference  Prefer FSTD but  fine with PVS if  S-SCH not used as phase ref.

	Qualcomm
	Binary sequence with no repetition
	ZC based sequence. Complex modulation on top of the sequence can be used to further increase the number of hypothesis that can be conveyed with SSC.
	Hopping: Blind detection using DL-RS if FH usage needs to be detected.
#Antennas: No opinion
	BCH: Does not exclude the option that 2Tx and 4Tx using the same Tx Div scheme.
SCH: SCH should be used as phase ref for BCH. Should be transmitted using virtual TSTD.

	ETRI
	ZC sequence with 2x repetition in time domain but no strong preference.
	Prefer ZC sequence but binary sequence is also acceptable if there is no performance degradation. 
Also prefer QPSK-based modulation on top of the sequence
	Use S-SCH to detect Hopping on/off and # of BCH antennas
	BCH: Same as SCH
SCH: PVS

	LGE
	ZC sequence with 2x repetition in time domain
	Prefer CS-ZC (circular shifted Zadoff-Chu) with M-PSK modulation.
	The antenna configuration information (if needed) and hopping indicator (if needed) should be delivered in S-SCH.
	BCH: No preference
SCH: PVS/TSTD

	Motorola
	ZC sequence with 2x repetition in time domain 
[ZC sequence, based on prime number sequence]

	ZC sequence modulated by complex exponential wave from the viewpoint of channel estimation by S-SCH. It also can provide large number of indices.
	#Hopping: Either on or off. Prefers Hopping off.
#Antennas: Use SCH


	BCH: CDD
SCH: FFS

	Huawei
	2x time-domain repetitive P-SCH using Golay sequence
	Two sequences are multiplexed in one S-SCH symbol and that the same sequence pair is used in  both  S-SCH symbols but is permuted in every other S-SCH symbol, see R1-071405.  
Golay modulated Hadamard sequence.
	FH indicator should be detected blindly from the RS.
3 ant configurations are encoded in the RSs, using a set of 9 OS. Index detected from the P-SCH points to a set of 3 OS and, correlation detection with these 3 OSs determines the number of ant’s and the OS.
	-

	NEC
	P-SCH should have no repetition in time domain. And using ZC sequence

	ZC based sequence (R1-071497/1498)
	Hopping: Permanently on/off
# Antennas: 2
	-

	Samsung
	-
	
	
	.

	ZTE
	ZC sequence with 2x repetition in time domain
	No strong view. 
	With power boosting is enabled, both hopping on/off and #antennas for BCH can be detecting using DL RS. and when power boosting is disabled, #antennas for BCH may be conveyed by S-SCH and FH on/off can be detected using blind detection. (Refer to R1-071306)
	BCH: No preference
SCH: No preference

	Fujitsu
	
	
	
	

	Sharp
	
	
	
	

	InterDigital 
	
	
	
	

	IPW
	Simple binary sequence with no time domain repetition
	
	
	


The following discussions also took place:

1. Lot of discussions took place on whether to support 2x repetition for P-SCH or just have no repetition.  There are two groups of opinion:
a) First group thinks 2-x repetition has the following advantages: better aperiodic auto/cross-correlation property, better frequency offset estimation performance.  Further, undesired ('double peaks') can be removed from the candidate list for S-SCH processing, without increase in complexity which makes it attractive for both initial and non-initial cell search.

b) Second group is of the opinion that 2-x repetition will introduce undesired peaks during non-initial cell search which may increase the processing requirements.  As a result, it is an undesirable option.
Way Forward:

1. Most companies agree to have one-to-one relationship between P-SCH and 2-D orthogonal sequence (OS)  since there is already a one-to-one relation between 3- P-SCH's and Cell ID's and between Cell ID's and three 2-D orthogonal sequence (OS). 
2. Other issues need face-to-face conversation to reach a consensus.




























































































































































































































































