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1. Introduction

To progress work on cell search, an e-mail reflector discussion was started and a summary of the discussion is outlined below.

I) Radio frame timing detection: Need to agree to one of the following schemes

a) different BPSK modulation can be added on top of two S-SCH OFDM symbols in a 10ms radio frame. 
[S1 S2]= [SSC, -SSC] or [-SSC, SSC].  S1 and S2 is sign invert but still include the same sub-sequence pair [si , sj]. 

 b) frame boundary detection by swapping subcarrier mapping between sub-frame 0 and sub-frame 5. That means that S1 is [si , sj] and S2 is [sj , si ]. 
c) map different concatenated short codes to SSCH in subframe #0 and subframe #5 as proposed  in R1-073308

d) radio frame timing is indicated by the SSC sequence itself and the SSC mapping is not altered between the two S-SCH symbols within 1 frame and others.
e) the pair of PSC specific binary scrambling sequences indicates the frame timing

II) Choose the number of codes for SCH1 and SCH2 so that the number of hypothesis is 340.

III) Choose the scrambling sequence based on (II).
2. Discussion Summary
Table 1.  Summary of cell search (CS) email discussion.

	Company
	Radio Frame Timing Detection
	Number of codes for SCH1 and SCH2
	Scrambling Sequence Design

	Interdigital
	(b), (d) or (e)
	
	

	Ericsson
	(b)
	19 codes for si and sj. Also considering the possibility for having less codes for si and more codes for sj.
	No strong opinion

	Texas Instruments
	(b) 
	SSC pairing/mapping should be defined to minimize the ambiguity & collision occurrences in neighboring cell search. This is achieved by pairing the codes for segment 1 and 2 (si,sj) such that |si-sj| is “constant” and as small as possible.
	PSC-based + secondary scrambling (scramble segment 2 as a function of segment 1 
For PSC-based scrambling, 3 length-62 codes should be derived from a length-63 or 64 
For secondary scrambling, length-31 codes should not be derived from the cyclic shifts of the same generator polynomial as SSC 



	Nokia/Siemens
	(b)
	19 + 19 is preferred
	No strong view on the sequences. Our preference would be not to scramble S2 based on S1 since it complicates UE processing for limited gains

	Nortel
	
	
	

	ZTE 
	option (d) and a simple mapping based on Chinese Residue Theory
	19 m-sequences for SSC seem to be a good choice
	No strong opinion

	Sharp
	(e)
	Prefer 6xN SCH1 codes and ceil(170/6/N) SCH2 codes, because the SCH1 codes can correspond with 6 DL-RS shifts information.
	P-SCH related scrambling sequence:

  length-63 M-sequence x 6 (to indicate the frame timing)

* the 1st S-SCH related scrambling sequence:

  6 codes related to 6 DL-RS shifts information at least,

  no strong opinion for the sequence design

	Motorola
	(b)
	the 1st and 2nd S-SCH code indices should be distributed over the available code index space of 0-30, but in a coordinated fashion. That is, neglecting index range edge effects, if the 1st code index is i, the set of applicable 2nd code indices j occupy the range j=i+m, 1<=m<=6
	i)P-SCH related scrambling sequence should be a length-63 M-sequence, truncated to length-62 along with the P-SCH sequence itself

ii)2nd S-SCH code scrambled according to the index of the 1st S-SCH code using a length-31 M-sequence modified - by cyclic shifting - according to the index of the 1st S-SCH code

	Huawei
	(b)
	Same number of SSC sequences for both short codes in an S-SCH symbol, and, that all the 31 available SSC sequences are used in the encoding of group ID and frame timing. R1-073514 contained a mapping from group ID to the short codes.
	6 scrambling codes for the second short code would suffice. These could be allocated from the first short code index, e.g., by a modulo-6 mapping. The scrambling sequences can be generated from cyclic shifts of an M-sequence of length 31, different from that of the SSC sequences.

	ETRI
	No BPSK mapping
	Generate 340 hypotheses using 31x31 codes
	To reduce the receiver complexity, the number of scrambling sequences should be minimized.

And for the scrambling sequences, cyclic shifts of m-sequence is O.K.

	Marvell
	(b)
	Propose 6 SCH1 codes and 29 SCH2 codes, where the SCH1 codes can be elegantly tied to the 6 DL-RS shifts so that no extra cell-ID planning is needed to distribute the SCH1 codes evenly. The 6x29 mapping can support 174 group-ID's; so either the number of group ID's is increased to 174 or we prune 4 pairs to come up with 170.
	Six scrambling sequences, tied to the six SCH1 indexes. No strong preference for the specific sequences.



	Nortel
	Either (b) or (c) if the scrambling of the second short code based on the first short code is kept
	Generate 340 hypotheses from 31x31 codes
	The scrambling sequences can be generated by the cyclic shifts of m-sequence generated from the primitive polynomial x^5+x^3+1 over GF(2). However we prefer to limit the number of the scrambling sequences.

	Qualcomm
	P refer a BPSK modulation of the SSC sequence to generate SSC1 and SSC2 (solution (a)) but we are ok with proposed way forward to adopt solution (b).
	Performed a brute-force search of sequences with good PAPR and good cross-correlation properties. We have a proposed set of 170 sequences in R1-073925,
	Recommend having a simple scrambling only based on the PSC index as we currently have in 36.211.

	LGE
	No strong opinion. Refer R1-074210/4211
	No strong opinion as long as it works well.
	PSC-based scrambling codes

Two scrambling codes for SSC1 and SSC2 should be different in order to maximize interference randomization.

Three scrambling codes with circular shift of 31-length m-sequence generated from x^5+x^3+1 for PSC-based scrambling are preferable in terms of simplicity.




Proposed Way Forward :

a. Based on the e-mail discussion it seems that majority of the companies agree on frame boundary detection by swapping subcarrier mapping between sub-frame 0 and sub-frame 5. That means that S1 is [si , sj] and S2 is [sj , si ].
b. Dependency of S-SCH 2nd Sequence Scrambling on 1st Sequence Index:

The following was agreed as a working assumption in RAN1#49-bis - Scrambling of the second sequence with a binary scrambling code corresponding to the index of the first sequence. Many-to-1 relation between scrambling code and first sequence index is not precluded.

Of the companies which expressed an opinion on scrambling sequence design: TI, Sharp, Motorola, Huawei, Marvell, Nortel (in the case of b)) - expressed the view that some form of 2nd code scrambling based on the 1st code index should be used. There was some difference of view on how the 2nd code scrambling sequence should be done.  Nokia and Ericsson - expressed the view that conditioning the 2nd sequence scrambling on the 1st code index was undesirable, but this was not a strong view; rather a preference.  Qualcomm/Ericsson wants “Many-to-1 relation between scrambling code and first sequence index” be considered for discussion in the upcoming meeting. 
c. On dimensions of S-SCH 1st and 2nd Scrambling Sequence Index Spaces and scrambling sequence design:

i) TI, Motorola - preferred to use all (or close to all) 31 indices per 1st and 2nd code with a common relationship between the 1st and 2nd codes

ii) Huawei, ETRI, Nortel - also preferred to use the entire space of 31 indices per 1st and 2nd code

iii) NSN, ZTE - preferred 19 1st codes and 19 2nd codes

iv) Other views also expressed - e.g. Marvell (6x29), Sharp (6xN, ceil(170/6/N)

There was no strong consensus on this issue but at least 5 companies preferred to use the entire space of 31 indices per 1st and 2nd code.





























































































































































































































































