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1 Introduction
During RAN1#89 meeting, RAN1 confirmed working assumptions on new RAT (NR) primary synchronization signal (PSS) sequences as agreements, and set working assumptions on NR secondary synchronization signal (SSS) sequences, as shown below [1]: 
Agreements:
· Confirm following working assumptions on NR-PSS as agreements

· Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

Working assumption: 
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values m0[image: image3.wmf]2
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In this document, we discuss potential cell ID ambiguity issues for current working assumptions (WA) on NR-SSS sequences, and provide a straightforward modification to the current WA.   
2 Discussion on NR-SSS sequences
2.1 Potential Cell ID ambiguity for NR-SSS WA 

According to the current WA on NR-SSS sequences, the length-127 SSS sequences 
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 are two m-sequences with generator polynomials g0(x) = x7 + x4 + 1 and  g1(x) = x7 + x + 1, respectively, and initial state [0000001]. The cyclic shift values  and [image: image21.png]


 are determined by a cell ID, 
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In equation (1), a unique SSS sequence is determined by the values m0 and (m1 − m0) (as the two m sequences are preferred-pairs), where possible values of m0 = and (m1 − m0) for length-127 m-sequences are  m0 = 0, 1, …, 126, and m1 − m0 = 0, 1, …, 126. Thus, the total number of unique sequences which can be generated from the above equation (1) are 127 x 127 = 16129. Further, 127 sequences from 127 pairs of (m0, m1), with the same (m1 − m0) value, are 127 cyclic shifted versions of one sequence. Assuming that the above SSS sequences are directly mapped to consecutive subcarriers in the frequency domain, any two SSS sequences which are 1-cyclic shift offset from each other may suffer from high cross-correlation in frequency domain in the presence of residual fractional carrier frequency offset (CFO). Considering that PSS-based CFO estimation may have an error about 10~15% of subcarrier spacing, opposite Doppler spreads in PSS/SSS signals received from two different cells may exist [2], and NR needs to support up to 500km/h UE speed (e.g. Doppler shift of 2.78KHz at 6GHz carrier frequency for 500km/h UE), the residual CFO in SSS detection can be up to +/-0.5 subcarrier spacing, wherein the subcarrier spacing (SCS) refers to the SCS of PSS and SSS. Therefore, NR-SSS sequences should be able to provide robust cross-correlation and detection performances under the residual CFO up to +/- 0.5 SCS.
One issue on previous evaluations [3] and [4] for the current NR-SSS WA is not considering the UE’s detection of multiple cells in a synchronous-network based multi-cell scenario. One of the motivations for support of 1000+ cell IDs is to avoid the need for cell-ID planning. In case of two neighboring cells assigned with any two SSS sequences with 1 cyclic-shift offset relationship but with careful cell-ID planning to result in different PSS IDs [4] may solve the potential cell ID ambiguity issue, which is caused by high SSS cross-correlation, in a single isolated cell environment. This is because the UE may perform SSS cross-correlation for a subset of SSS sequences corresponding to the detected PSS ID. However, in the synchronous multi-cell scenario, UE may detect all 3 PSS IDs depending on cell ID assignments with no cell-ID planning, and UE then performs SSS cross-correlation for the entire set of SSS sequences. This would increase the chance that UE detects a false cell ID which has 1 cyclic-shift offset relationship with the desired cell ID, even though the false cell ID and the desired cell ID have different PSS IDs. 
For example, UE receives PSS/SSS from 3 different cells whose cell IDs are 1, 3, and 5. According to the Table 1 showing cell ID to SSS sequence mapping for NR-SSS WA, the cell ID 1 may get confused to the cell IDs 0 or 2, and the cell ID 3 and the cell ID 5 may be falsely detected to the cell ID 4. As expected, Table 2 shows that the cell ID pairs (0, 1) and (1, 2) are mapped to SSS sequences with very high cross-correlation (close to the maximum of 1.0319 shown in Table 3). Note that results were generated based on two different SSS cross-correlation metrics. Since UE will compute SSS auto-correlation with residual CFO and compare it with SSS cross-correlation with residual CFO, we think the metric for the second column of Table 2 is more appropriate than the metric proposed in [3]. Nevertheless, we also evaluated SSS cross-correlation based on the metric in [3], in order to show that the multi-cell scenario would increase SSS cross-correlation significantly from 0.1227 (Huawei in Table 3 of [3]) to 0.4818. 
Figure 1 presents histogram of normalized cross-correlation (>0.3) of NR-SSS WA according to the cross-correlation metric in [3]. We observe that the modified cell ID to SSS sequence mapping to be introduced in the following subsection can achieve the maximum normalized cross-correlation of 0.1443. 
Observation 1: NR-SSS WA based cell ID to sequence mapping, which assigns any two SSS sequences of 1 cyclic-shift offset relationship with different PSS IDs, does not solve the cell ID ambiguity issue from high SSS cross-correlation in synchronous multi-cell networks.  

Proposal 1: NR-SSS cross-correlation performances should be evaluated for the full set of SSS sequences, taking into account the synchronous multi-cell deployment scenario. 
Table 1 Cell ID to SSS sequence (m0, m1) mapping based on NR-SSS WA

	Cell ID (
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	m1 - m0

	0
	0
	0
	0
	1
	1

	1
	1
	0
	1
	2
	1

	2
	2
	0
	2
	3
	1

	3
	0
	1
	0
	2
	2

	4
	1
	1
	1
	3
	2

	5
	2
	1
	2
	4
	2

	6
	0 
	2
	0
	3
	3

	7
	1
	2
	1
	4
	3

	8
	2
	2
	2
	5
	3


Table 2 Cross-correlation performances for cell ID (0, 1) and (1, 2) with NR-SSS WA
	Cell ID pair
	Max. {SSS cross-corr. power normalized by SSS auto-corr. power with CFO}
(1008 Cell IDs, CFO in [-0.5,0.5] SCS, correlation in frequency-domain)
	Max.  normalized SSS cross-corr. power according to the metric in [3]
(1008 Cell IDs, CFO in [-0.5,0.5] SCS, correlation in frequency-domain)

	(0, 1)
	0.9852
	0.4808

	(1, 2)
	0.9975
	0.4818
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Figure 1 Histogram of normalized cross-correlation (>0.3) of NR-SSS WA according to the cross-correlation metric in [3] 
2.2 Proposed modification in NR-SSS WA
To solve the cell ID ambiguity issue pointed in the working assumption in the previous subsection, a straightforward modification in NR-SSS WA in terms of cell ID to sequence mapping is proposed: 
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The modified cell ID to sequence mapping excludes any sequence pair, which has the property that one sequence is 1-cyclic shift offset from the other sequence, from the SSS sequence set. Instead, any SSS sequence pair having the common (m1 − m0) value have 2 or larger difference for the m0 value so that the two SSS sequences can be two or more cyclic shifts away from each other and thus avoid high cross-correlation under residual CFO up to +/-0.5 SCS.  

Table 3 provides PSS-SSS and SSS-SSS cross-correlation performances for the WA and the proposed cell ID to SSS sequence mapping schemes. It is shown that the proposed mapping according to equation (2) and (3) can avoid high SSS cross-correlation, while the mapping scheme of NR-SSS WA suffers from normalized SSS cross-correlation power close to 1.
Table 4 provides examples of cell ID to SSS sequence (m0, m1) mapping based on the modified mapping scheme. Now, cell IDs having the same (m1 − m0) value, e.g. cell IDs 0, 1, and 2, have at least 2 or larger difference in m0 values, which can avoid high cross-correlation under residual CFO up to +/-0.5 SCS. Considering that m0 can be up to 126, the size of low cross-correlation SSS sequence set can be easily extended to support a larger number of cell ID hypotheses, e.g. 2000 or 4000, or to carry additional information e.g. radio frame boundary. 
Table 3 PSS-SSS and SSS-SSS cross-correlation performance comparisons for two different cell ID to SSS sequence mapping schemes

	
	Max. {PSS-SSS cross-corr. power normalized by peak PSS auto-corr. power with multiple integer CFO hypotheses}
(1008 Cell IDs, CFO in [-3,3] SCS, correlation in time-domain)
	Max. {SSS cross-corr. power normalized by SSS auto-corr. power with CFO}
(1008 Cell IDs, CFO in [-0.5,0.5] SCS, correlation in frequency-domain)

	Mapping based on WA [1], [3]
	0.2284
	1.0319

	Proposed mapping according to equation (2) and (3)
	0.3037
	0.4246


Table 4 Cell ID to SSS sequence (m0, m1) mapping based on the modified mapping scheme
	Cell ID (
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	0
	0
	0
	0
	1
	1

	1
	1
	0
	2
	3
	1

	2
	2
	0
	4
	5
	1

	3
	0
	1
	0
	2
	2

	4
	1
	1
	2
	4
	2

	5
	2
	1
	4
	6
	2

	6
	0
	2
	0
	3
	3

	7
	1
	2
	2
	5
	3

	8
	2
	2
	4
	7
	3


Proposal 2: Adopt the following cell ID to sequence mapping scheme for NR-SSS sequences:
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3 Conclusion
In summary, we observe and propose the followings for NR-SSS design:

· Observation 1: NR-SSS WA based cell ID to sequence mapping, which assigns any two SSS sequences of 1 cyclic-shift relationship with different PSS IDs, does not solve the cell ID ambiguity issue from high SSS cross-correlation in synchronous multi-cell networks.  

· Proposal 1: NR-SSS cross-correlation performances should be evaluated for the full set of SSS sequences, taking into account the synchronous multi-cell deployment scenario. 
· Proposal 2: For NR-SSS sequences, adopt the following cell ID to sequence mapping scheme, which is only slightly modified from the NR-SSS WA:
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