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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 sequence design 
 
b. S-SCH sequence design 
c. What to signal on sync channel (e.g. #antennas, hopping on/off etc.)
 
d. Non-initial cell search design
Table 1 summarizes the views from participating companies.
Table 1.  Summary of cell search (CS) email discussion.
	Company
	P-SCH Sequence Design
	S-SCH Sequence Design
	What to signal on Sync Channel
	Non-initial CS design

	CATT
	ZC sequence with 2x repetition in time domain 
[enables simple frequency offset estimation and hybrid of the auto and cross correlation methods.]
	ZC-based sequence.
	Information of #antennas, hopping on/off should be transmitted in SSCH. But the number of bits should be as small as possible [e.g.1bit for #antennas of P-BCH and 1 bit for hopping indicator] for reduction in the detection complexity.
	Same as initial cell search

	Ericsson
	No repetition in time-domain due to secondary peaks in correlation function.
Coupling between P-SCH and orthogonal reference signals.
	S-SCH is constructed as pair of two sub-sequences. The order of the sub-sequences identifies frame-timing.
	Number of TX antennas used for P-BCH transmission.
	Same as initial cell search

	Texas Instruments
	ZC sequence with 2x repetition in time domain 
[The ZC sequence can be defined in the time-domain.]

	Prefer FEC-based design
	No. antennas (1-2 bits) & hopping indicator (1 bit) should be detected in step 2 and hence included in S-SCH
	Same approach as the initial cell search. SCH design should handle both initial and non-initial CS.

	Nokia
	Does not prefer 2x repetition in time domain
	No strong view
	Hopping on/off can be detected in step-3. 
No need to convey the number of antennas using P-SCH or S-SCH.
	Similar to initial cell search

	Nortel
	Prefer to select sequences which allow for coherent detection of S-SCH.
	S-SCH sequence should be chosen based on both performance (including the initial cell search and the neighbor cell search) and complexity.
	Whether to signal #antennas through SCH should be decided together with the selection of TxD scheme for BCH.
	Similar to initial cell search

	Qualcomm
	In order to minimize the complexity of step 1, we propose binary sequences – indeed, we just need 3 of them! No need to have the 2x repetition structure
	ZC sequences preferred. Multiple basis and shifts therein
	FH usage embedded in step 2.
	Based on beacons as per R1-070430

	ETRI
	ZC sequence with 2x repetition in time domain 
	BPSK or QPSK modulated ZC sequences (But binary sequences scrambled with GCL are also good if performance 

degradation is small).
	S-SCH includes 170 cell group IDs, frame timing and hopping on/off, but whether to signal #antennas on S-SCH should be decided together with the selection of TxD of BCH in the MIMO ad hoc.
	Similar to initial cell search

	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.
	Similar to initial cell search

	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.
	Frame boundary

Hopping on/off (if needed)
	Similar to initial cell search

	Huawei
	Golay sequence repeated 2X+CP. However if, most companies believe that coherent S-SCH detection will be mostly used in practice, can agree on P-SCH design based on ZC or Frank sequences.
	Golay-Hadamard (binary) sequences because of lower receiver complexity (i.e. lower power consumption), and ability to perform blind CP length estimation on the corresponding OFDM S-SCH signals.
	DL RS FH on/off mode should be encoded on S-SCH instead of being blindly detected from DL RS in the 3rd stage of cell search.
BCH antenna configuration (1/2 bits) information should be encoded in the 3rd stage of the cell search, 

by an extended set of (6 or 12) OSs.
	Similar to initial cell search

	NEC
	P-SCH should have no repetition in time domain. 


	S-SCH should have 2x repetition in time domain to enable CP length detection. 
	S-SCH with 2x repetition also allows frequency offset estimation.
	Same approach as the initial cell search.

	Samsung
	-
	ZC-based sequence is preferred
	Prefer to send nothing except for the cell group ID and frame boundary and hopping (on/off) if really needed. Regarding the #antennas, it is indeed related to the TxD scheme for BCH. 
	Same approach as the initial cell search.

	ZTE
	ZC sequence with 2x repetition in time domain
	No strong view. Preference towards FEC-based.
	#antennas, hopping on/off should be detected in in step 2.
	Same approach as the initial cell search.

	Fujitsu
	
	
	
	Same approach as the initial cell search without knowledge of neighboring cell information.

	Sharp
	ZC sequence with 2x repetition in time domain 

[ZC and Frank CAZAC sequences] 
P-SCH should be utilized efficiently and identify sector-ID.
	Prefer the sequences which are optimized for the coherent detection of S-SCH.
	
	Same approach as the initial cell search.

	InterDigital 
	· P-SCH symbol: Frank sequence of length 16 using a 4-repetition pattern, generated in the time domain 

· P-SCH symbols are FDM mapped to 3 (or 4) sets of subcarriers
	· S-SCH sequence: QPSK modulated cyclic-shifted GCL or ZC sequence. 

· S-SCH symbols are FDM mapped to 3 sets of subcarriers 

· Combination of P-SCH & S-SCH provide at least 170 cell group IDs
	From S-SCH sequence: 

· The QPSK modulation carries frame timing and RS hoping indication. 

· The cyclic shifts (2 or 3) indicate the number of antennas used for P-BCH transmit diversity.  


	Same as initial cell search


The following discussions also took place:

1. Ericsson initiated the discussion whether P-SCH corresponds to one cell-ID within each cell-ID group. As an example, since three PSC’s are supported it could be mapped to three cell ID’s within each cell-ID group.  
2. It has been agreed that the S-SCH will be used to detect one of 170 cell-ID group.  The DL RS signal is then used to detect the cell-ID.
3. The cell search performance can be enhanced if there is a one-to-one association between P-SCH and S-SCH so that the cell-ID could be identified using P-SCH and S-SCH.   However, things becomes complex in case the number of cell-ID within each cell-ID group is not 3.
4. The cell search procedure should only specify the signals being transmitted and what information they carry.  How these signals are used in the UE are implementation specific. However to take advantage of (3) association should be specified.
5. LG suggested to use the same P-SCH reference for each cell-ID within each cell-ID group, so that one could have a better phase reference for S-SCH (same sequence used in each cell-ID group).
Way Forward:
Based on the e-mail discussion there is overwhelming support for (d) i.e. Non-initial cell search design should be based on initial cell search.  
It should also be noted that there is more support for “ZC sequence with 2x repetition in time domain” than any other P-SCH sequence design method -- 7 companies for it versus 4 companies that do not prefer 2x repetition.
On the other points, consensus needs to be reached at the St. Louis meeting.




























































































































































































































































