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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#48-bis
a. P-SCH sequence design:

Possible options are:
i) time domain ZC sequence design

ii) frequency domain ZC sequence design

iii) interleaved frequency domain based on two ZC sequence 

iv) concatenated time domain ZC sequence.

b. S-SCH design:

It was agreed that S-SCH sequence design should be binary based using concatenation of two short codes.  Details of the design should be submitted.
d. Transmit diversity scheme for CCPCH 
Need to decide on the value of  N where N is defined as,

N=1: transparent TxDiv for CCPCH, 

N=2: used if we want to indicate whether there is a non transparent TxDiv scheme
Table 1 summarizes the views from participating companies.
Table 1.  Summary of cell search (CS) email discussion.
	Company
	P-SCH  Design
	S-SCH Design
	Transmit diversity scheme for CCPCH

	ETRI
	Should support at least 3 properties: low complexity, flat frequency spectrum, immune to frequency offset estimation.

	Interleaved concatenation scheme has better than localized one (Tdoc R1-072124) 

Hadamard sequences scrambled by ZC or GCL 

Phase modulation can further reduce the second step complexity
	Prefer N=2

	Ericsson
	Frequency-domain design using 71 (or 73, i.e. also the DC-subcarrier) subcarriers. Concerned about the robustness to frequency errors of ZC sequences (initial cell search). However, by selecting the sequence indices carefully, this does not seem to be a problem
	Each synchronization symbol (i.e. the symbols in subframe 0 and 5) consists of two frequency-multiplexed hadamard sequences. The pair of sequences is selected so that a single synchronization symbol can provide cell ID group and number of TX antennas. The pair of sequences is swapped between the synchronization symbols so that also frame timing can be provided from a single synchronization symbol.  Need a total of 27 hadamard sequences (of length 32) to create 351 different hypothesis not including the frame timing (340 needed). (R1-071584)
	2  TX antennas: SFBC

4 TX antennas: SFBC + FSTD

N = 2



	Texas Instruments
	Time-domain construction based on 2 near-CAZAC sequences (32PSK-valued, length 64) is given. The third sequence is obtained from the complex conjugate of one of the sequences. This design circumvents all the shortcomings of ZC-based design and performs very well with sign (+1,-1,+j,-j) correlator. (R1=072190)
	Prefer the interleaved structure over concatenated (2 adjacent parts). No strong opinion on the choice of sequences. To reduce complexity, BPSK or QPSK modulation should be used to encode Tx diversity indicator and/or frame timing (see R1-072189)
	N=2. The same (SFBC-based) Tx diversity scheme is used for CCPCH, PDCCH, PDSCH.

	Nokia
	Care should be taken here so that we select three sequences that so that each sequence has a low probability of being detected wrongly as one of the other sequences
	Prefer to interleave the two codes in the frequency domain. One PSC/SSC pair should give all the information to facilitate inter-frequency and inter-RAT measurements.
	N=2 since we want SFBC for the CCPCH. The simplest approach is to only transmit CCPCH from 2 TX-antennas also in case of 4-TX antennas. However, if this results in a power loss for the 4 TX antennas case, we are fine with detecting blindly if 2 or 4 TX-antennas are used.

	Nortel
	Prefer a P-SCH sequence design which provides a  flat frequency spectrum.
	Two short codes should be mapped  to every other REs (interleaved structure) to maximize the frequency diversity. Propose to transmit different concatenated short codes in sub-frame #0 and #5 which can also be considered as the hypothesis for framing Sync. 
	N=2

	Qualcomm
	i) or ii) are preferred although we have some concerns with the general use of ZC for the PSC sequences in TDD systems. These concerns are discussed in R1-072092.


	We prefer M-sequence based SSC for comparable detection complexity and better performance in frequency selective channels than Hadamard based sequences. Details are stated in R1-072093.
	N=1 is preferred, with support from analysis in R1-072008 and R1-072011.

	LGE
	Sequence length : 64-length from the perspective of the complexity 

Sequence design : We don’t see any benefit with FD approach compared with TD approach especially in terms of complexity. (R1-072538) 

Our preference on this is time-domain ZC-Hadamard with DC puncturing.
	Prefer rotational interleaved structure. 

Two binary SSCs are mapped into in-phase and quadrature components with pi/2-rotation in an interleaved manner. 

This can provide robustness to residual frequency offset. [R1-072328]
	N=2

	Motorola
	Interleaved frequency domain based on two ZC sequence
	Interleaved method is recommended as the mapping method of two S-SCH short codes.
	N=2

	Huawei
	Frequency domain
	Hadamard sequences are modulated with the same Golay sequence of length 32, to reduce the PAPR in 1.25 MHz systems.

Concatenated mapping is preferred because it provides better performances of non-coherent detection, while providing the same performances of coherent detection as interleaved mapping.
	

	NEC
	Prefer frequency domain design to maximize the length of P-SCH time domain replica, i.e. to minimize cross-correlation with data or other channels.

Prefer 71-length ZC of indices either {1,70,2} or {1,70,69} (R1-072109)
	Prefer selective combinations of SIX 12-length Hadamard sequences as in this solution, the maximal cross-correlation power between SSC sequences is only 0.11 which is significantly lower than 0.25 in the case of combination of TWO 32-length Hadamard sequences. In this solution, all 72 sub-carriers are fully utilized.  (R1-072110)
	-

	Marvell
	Interleaved ZC and FD PN-QPSK are both slightly superior to FD-ZC, even when the indexes of the latter are chosen optimally
	
	


All the issues described in this document need face-to-face conversation to reach a consensus.




























































































































































































































































