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In RAN1 meeting #84, it is agreed on NB-SSS design that [1]:
Agreements:
· NB-SSS is transmitted in subframe 9
· Number of symbols for NB-SSS: 11
· NB-SSS base sequence is constructed from one or more ZC sequences
· Length FFS
· FFS whether multiple root sequences are used or a binary scrambling code

It has been further agreed at RAN1#84bis that:
Agreements:
· NB-SSS periodicity is 20ms
· The following information is indicated by the NB-SSS:
· One of 504 PCIDs
· 80ms boundary (4 values)
· NB-SSS sequence is composed of a length-131 frequency-domain ZC sequence and a binary scrambling sequence
· Root indices {3..128}
· PCID is indicated by combination of ZC root index and a binary scrambling sequence 
· 80ms boundary is indicated by the one of 4 time-domain cyclic shifts, {0, 33, 66, 99}
· The binary scrambling sequence is a Hadamard sequence
· Working assumption (from R1-163442), to be confirmed on Wed if no significant problems are identified:
· [image: ]
In this contribution, the cross-correlation property of the updated NB-SSS design with scrambling sequences based on Hadamard matrix is evaluated. On this basis, we propose the final details needed for NB-SSS design.
Evaluation of the cross-correlation property of the agreed NB-SSS design
NB-SSS sequence design
According to the RAN1 agreements, the NB-SSS signal is generated by the multiplication of a cyclic shifted 131-length ZC sequence  and a binary scrambling code:

where:






 is the root index of the ZC sequence,  is the cyclic shift applied to the original ZC sequence, and is the q-th scrambling sequence generated based on 128x128 Hadamard matrix. 
NB-SSS generation procedure
The procedure of NB-SSS generation is similar with the procedure given in [2]. Firstly a multiplication operation is applied between the ZC sequence, with a certain root index u and a certain cyclic shift m, and the corresponding scrambling sequence. Secondly, add zeros to the result sequence to become a 132-length sequence. And then get 11 sub-sequences each with length of 12. After this, do resource mapping to the 12 subcarriers. Finally, do IFFT and add CP for each subsequence.

Figure 1 Generation procedure of NB-SSS
Cross-correlation property of the NB-SSS
Figure 2 to Figure 4 and Table 1 to Table 3 show the cross-correlation property of the NB-SSS sequences considering synchronized BSs. The timing error  in the figures denotes the assumed offset between the received NB-SSS signals from two adjacent BSs. It is seen that the cross-correlation values between the proposed NB-SSS sequences is less than 0.23 in 99% cases
[image: ]
[bookmark: _Ref448180217]Figure 2 Cross-correlation property of the Hadamard based scrambling sequences (no sync error)
[bookmark: _Ref448181155]Table 1 Cross-correlation property of the Hadamard based scrambling sequences (no sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation
	0.077
	0.128
	0.146
	0.179



[image: ]
Figure 3 Cross-correlation property of the Hadamard based scrambling sequences (small sync error)
Table 2 Cross-correlation property of the Hadamard based scrambling sequences (small sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation
	0.080
	0.137
	0.155
	0.191
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[bookmark: _Ref448180618]Figure 4 Cross-correlation property of the Hadamard based scrambling sequences (large sync error)
[bookmark: _Ref448181162]Table 3 Cross-correlation property of the Hadamard based scrambling sequences (large sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation
	0.095
	0.166
	0.187
	0.230



Observation 1: The working assumption on scrambling sequences based on 128x128 Hadamard matrix can keep cross-correlation between different NB-SSS sequences less than 0.23 in 99% cases considering synchronized BSs.
Figure 5 and Table 4 show the cross-correlation property of the NB-SSS sequences considering unsynchronized BSs. Since BSs are unsynchronized with each other, the timing error between the two received NB-SSS signal can be assumed from 0 ms to the length of the NB-SSS signal. In this case, the maximum cross-correlation value among those corresponding to all the possible timing errors is recorded as the cross-correlation value for each pair of NB-SSS sequences. The sampling rate is 1.92 MHz  in the simulations.
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[bookmark: _Ref448180228]Figure 5 Cross-correlation property of the Hadamard based scrambling sequences (traversing timing error)
[bookmark: _Ref448181206]Table 4 Cross-correlation property of the Hadamard based scrambling sequences (large sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation for the long sequence with time domain cyclic shift
	0.163
	0.192
	0.204
	0.238



Observation 2: The working assumption on scrambling sequences based on 128x128 Hadamard matrix can keep cross-correlation between different NB-SSS sequences less than 0.24 in 99% cases considering unsynchronized BSs.
We have shown that the scrambling sequences based on the working assumption performs very well, so the working assumption should be confirmed.
Proposal 1: Confirm the working assumption that the scrambling sequence is generated based on 128x128 Hadamard matrix. The q-th  scrambling sequence is generated as


[bookmark: _Ref129681832]Mapping from PCI to NB-SSS sequence
The mapping function from NB-IoT cell ID to the root index and the index of the scrambling sequence needs to be agreed. It can be: 


This mapping function can be simply realized in the UE.
Proposal 1: The mapping function from NB-IoT cell ID to the root index and the index of the scrambling sequence can follow the rules as:


Mapping from SFN to NB-SSS sequence
The mapping from SFN to NB-SSS sequence needs to be agreed. The agreed set of cyclic shifts is C = {0, 33, 66, 99}. Ci () is applied to the NB-SSS signal in the (8*k + 2*i)-th frame, where .
Proposal 2: Cyclic shift Ci () is applied to the NB-SSS signal in the (8*k + 2*i)-th frame, where .
Conclusions
In this contribution, we provide some evaluation results for the agreed NB-SSS design. The following proposals were made.
Proposal 1: Confirm the working assumption that the scrambling sequence is generated based on Hadamard matrix. The qth scrambling sequence is generated as

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: The mapping function from NB-IoT cell ID to the root index and the index of the scrambling sequence can follow the rules as:


Proposal 3: Cyclic shift Ci () is applied to the NB-SSS signal in the (8*k + 2*i)-th frame, where .
Observation 1: The proposed scrambling sequences based on 128x128 Hadamard matrix can keep cross-correlation between different NB-SSS sequences less than 0.23 in 99% cases considering synchronized BSs.
Observation 2: The proposed scrambling sequences based on 128x128 Hadamard matrix can keep cross-correlation between different NB-SSS sequences less than 0.24 in 99% cases considering unsynchronized BSs.
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Annex
In this annex, for completeness, we show a comparison between the agreed long sequence and the short sequence from R1-163407.
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Figure 6 Cross-correlation property of NB-SSSsequences (no sync error)
Table 5 Cross-correlation property of NB-SSSsequences (no sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation of Long-sequence
	0.077
	0.128
	0.146
	0.179

	Cross-correlation of Short-sequence
	0.104
	0.214
	0.240
	0.283



[image: ]
Figure 7 Cross-correlation property of NB-SSSsequences (small sync error)
Table 6 Cross-correlation property of NB-SSSsequences (small sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation of Long-sequence
	0.080
	0.137
	0.155
	0.191

	Cross-correlation of Short-sequence
	0.105
	0.213
	0.241
	0.287
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Figure 4 Cross-correlation property of NB-SSSsequences (large sync error)
Table 3 Cross-correlation property of NB-SSSsequences (large sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation of Long-sequence
	0.095
	0.166
	0.187
	0.230

	Cross-correlation of Short-sequence
	0.115
	0.223
	0.254
	0.309
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Figure 5 Cross-correlation property of NB-SSSsequences (traversing timing error)
Table 4 Cross-correlation property of NB-SSSsequences (large sync error)
	CDF
	50%
	90%
	95%
	99%

	Cross-correlation of Long-sequence with time domain cyclic shift
	0.163
	0.192
	0.204
	0.238

	Cross-correlation of Short-sequence
	0.228
	0.290
	0.312
	0.368
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b,(n) = Hadamard;7={**(mod(n,128) ),q = 0,1,2,3




