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Introduction
[bookmark: _GoBack]In RAN1#88, the following working assumptions and agreements related to the bandwidth and sequence design of NR synchronization signals were made [1]: 
Working assumptions:
· About 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design
· FFS whether NR-PSS/SSS could be used to indicate information other than NR physical cell ID
· FFS further extension of ID space for non-mobility purpose through e.g., broadcast
· RAN1 considers NR-PSS and NR-SSS have same transmission bandwidth
Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz
· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4
· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth
· Note that additional parameter set or further down selection of parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel
Agreements:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported.

Working assumption:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS and PBCH is supported
· RAN1 will consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth
Agreements:
· RAN1 will definitely select the number of NR-PSS sequences from following 2 alternatives in the next meeting
· Alt. 1: NR supports one NR-PSS sequence, and no cell ID hypothesis is carried by NR-PSS
· Supported by Samsung, Intel, LG Electronics, NTT DOCOMO, InterDigital, ETRI, Ericsson, MediaTek
· Alt. 2: NR supports 3 NR-PSS sequences
· Supported by Qualcomm, Huawei, HiSi, CATT, ZTE, Sierra, Motorola Mobility, Lenovo































This contribution discusses the subcarrier spacing, bandwidth and sequence design details of NR synchronization signals (e.g. NR-PSS and NR-SSS), with respect to the study points and remaining issues from the above agreements.
NR-SS Bandwidth
In LTE, the transmission bandwidth of synchronization signals (i.e., PSS and SSS) and PBCH is 1.08 MHz with 15 kHz subcarrier spacing (i.e., 6 PRBs). PSS and SSS are sent every 5ms and PBCH with 40 bits payload is sent every 10ms. For NR, the NR-SS bandwidth should be decided with a comprehensive consideration of both NR-SS and NR-PBCH, with a high-level design target that the overall performance of NR is better than the one of LTE, and a unified design of NR-SS sequences for all supported carrier frequencies is strived for. 
First of all, the one-shot detection performance should be the baseline to determine the transmission bandwidth of NR-SS. Evaluation results of a study on the combination of subcarrier spacing and NR-SS transmission bandwidth are illustrated in FIGURE 1, where the same power density (PSD) is assumed. In this set of evaluation, NR-PSS is constructed by using single ZC-sequence and NR-SSS is constructed by using M-sequences with cyclic shifts (other evaluation assumptions can be found in Appendix). Although the evaluation is for 4 GHz carrier frequency, similar results can be observed for other carrier frequencies as well. From FIGURE 1, we have the following observations: 
Observation 1: Using 24 PRBs for NR-SS transmission with adequate subcarrier spacing (e.g., 30 kHz for 4 GHz) or equivalent subcarrier spacing (e.g. 15 kHz with comb structure for 4 GHz), NR can achieve 90% to 95% cell ID detection accuracy for one-shot detection at -6 dB SNR. 
Observation 2: Using 12 PRBs for NR-SS transmission with adequate subcarrier spacing (e.g., 30 kHz for 4 GHz) or equivalent subcarrier spacing (e.g. 15 kHz with comb structure for 4 GHz), NR can achieve 75% to 80% cell ID detection accuracy for one-shot detection at -6 dB SNR. 
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[bookmark: _Ref478384329]FIGURE 1 Evaluation results of subcarrier spacing and transmission bandwidth of NR-SS (one-shot detection for 4GHz carrier frequency in single-cell scenario with CFO as initial acquisition assumption).

Secondly, the performance of one-shot detection should be combined with NR-SS periodicity to determine the accumulative performance of NR-SS. In general, LTE has one PSS and SSS transmitted within every 5 ms, where each PSS and SSS has occupied 6 PRBs in frequency domain. As agreed in RAN1 #88, the periodicity of NR-SS can be either 10 ms or 20 ms, which is larger the one of LTE. Thus, it is natural to make use of larger transmission bandwidth for NR-SS to improve one-shot synchronization performance. 
Thirdly, the NR high carrier frequency range (e.g. >6 GHz) requires scaled SCS to combat with higher CFO. Larger NR-SS transmission bandwidth together with larger subcarrier spacing is beneficial in reducing the multi-beam NR-SS block overhead and its detection latency due to less number of symbols as well as smaller symbol duration within a SS block. This gives another motivation in supporting large transmission bandwidth for NR.
Lastly but not leastly, the determination of NR-SS bandwidth should also take into account the performance of NR-PBCH. In an accompanied contribution [2], we propose the same transmission bandwidth of NR-SS and NR-PBCH, and they are TDMed within each SS block. Considering the potential increase in the NR-PBCH payload 	(see another accompanied contribution [3]), as well as the new role of informing the SS block index to the UE using multiplexed NR-DMRS/TSS within the NR-PBCH symbol, the transmission bandwidth of NR-PBCH should be larger than LTE as well. In [2], we provide the detailed discussion on the number of REs required by NR-PBCH and NR-DMRS/TSS to reliably deliver the messages, and propose 24 PRBs as the transmission bandwidth of NR-PBCH. 
To summarize, by a comprehensive study of the performance on both NR-SS and NR-PBCH, we have the following proposal on NR-SS and NR-PBCH bandwidth:
Proposal 1: NR shall support 24 PRBs (288 REs) for the transmission of NR-SS and NR-PBCH, which corresponds to 
· parameter set #W associated with 15 kHz subcarrier spacing and 4.32 MHz NR-SS transmission bandwidth; 
· parameter set #X associated with 30 kHz subcarrier spacing and 8.64 MHz NR-SS transmission bandwidth; 
· parameter set #Y associated with 120 kHz subcarrier spacing and 34.56 MHz NR-SS transmission bandwidth;
· parameter set #Z associated with 240 kHz subcarrier spacing and 69.14 MHz NR-SS transmission bandwidth. 
NR-SS Sequence Design
In the email discussion [4], companies reported their NR-SS sequence design details. The evaluation of proposals from companies are summarized in this section, in terms of the cell ID detection accuracy, residual frequency and timing errors, and sequence PAPR and RCM. This set of evaluations focus on carrier frequency 4 GHz with 30 kHz subcarrier spacing, but similar performance can be observed for other carrier frequencies as well. In order to perform a fair comparison among proposals, ML detection algorithm is considered (note that if sub-optimal detection algorithms with low complexity are utilized for particular proposals, it is expected to observe potential performance degradation). 
Evaluation Results for Single-Cell Scenario
FIGURE 2 illustrates the CDF of residual CFO from one-shot NR-PSS detection at -6 dB SNR, and FIGURE 3 illustrates the CDF of corresponding residual timing offset from one-shot NR-PSS detection at -6 dB, where the total transmission power is assumed the same across proposals in both figures. 
FIGURE 4 and FIGURE 5 illustrate the cell ID detection error across different SNR points, where the same PSD is assumed in FIGURE 4, and the same total transmission power is assumed in FIGURE 5, respectively. 
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[bookmark: _Ref478482794]FIGURE 2 Evaluation results on residual CFO from NR-PSS detection (one-shot detection at -6 dB for 4GHz carrier frequency in single-cell scenario with CFO assumed as initial acquisition, where the total transmission power is assumed the same across proposals).
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[bookmark: _Ref478483902]FIGURE 3 Evaluation results on residual timing offset from NR-PSS detection (one-shot detection at -6 dB for 4GHz carrier frequency in single-cell scenario with CFO assumed as initial acquisition, where the total transmission power is assumed the same across proposals).
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[bookmark: _Ref478484195]FIGURE 4 Evaluation results on cell ID error from joint NR-PSS and NR-SSS detection (one-shot detection for 4GHz carrier frequency in single-cell scenario with CFO assumed as initial acquisition, where the same PSD is assumed across proposals).
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[bookmark: _Ref478484198]FIGURE 5 Evaluation results on cell ID error from joint NR-PSS and NR-SSS detection (one-shot detection for 4GHz carrier frequency in single-cell scenario with CFO assumed as initial acquisition, where the total receiving power is assumed the same across proposals).



The evaluation results of one shot detection at -6dB SNR in single-cell scenario (i.e., no interferer) are summarized in TABLE 1, where CFO is assumed as initial acquisition (e.g. ± 5 ppm). Note that different proposals are using the same total transmission power in this set of evaluation (e.g. proposals with shorter sequence length are power boosted). 
TABLE 1 Evaluation results of one-shot detection at -6 dB for 4GHz carrier frequency in single-cell scenario with CFO assumed as initial acquisition.
	company
	NR-PSS sequence number
	cell ID detection accuracy [%]
	90% residual CFO [kHz]
	50% residual CFO [kHz]
	90% residual timing offset [ns]
	50% residual timing offset [ns]

	DOCOMO
	1
	92.9
	2.74
	0.93
	130.2
	65.1

	Ericsson
	1
	92.9
	2.88
	0.82
	130.2
	130.2

	Huawei
	3
	90.7
	3.10
	0.90
	260.4
	130.2

	Intel1
	1
	92.5
	3.20
	0.96
	130.2
	130.2

	Intel2
	1
	93.4
	2.79
	0.85
	65.1
	65.1

	InterDigital
	1
	93.2
	3.41
	1.04
	130.2
	130.2

	LG
	1
	91.7
	4.12
	1.56
	130.2
	130.2

	Motorola
	3
	92.1
	2.86
	0.88
	130.2
	65.1

	Nokia
	3
	91.0
	3.02
	0.92
	130.2
	130.2

	Qualcomm
	3
	91.3
	3.24
	1.02
	130.2
	130.2

	Samsung
	1
	93.3
	2.96
	0.88
	130.2
	65.1

	ZTE
	3
	92.1
	3.12
	0.98
	260.4
	130.2



From the evaluation results in single-cell scenario, we can observe that proposals with single NR-PSS sequence generally have better performance than proposals with multiple NR-PSS sequences, in terms of residual CFO, residual timing offset, and cell ID detection accuracy. Especially, comparing with the cell ID detection accuracy based on 3 NR-PSS (3x333 cell IDs), the performance loss due to smaller minimum distance in NR-SSS sequences for 1 NR-PSS design (1x1000 cell IDs) is marginall; while 1NR-PSS brings the larger gain from better time and frequency domain synchronization . Also the cross false alarm issue  of two-stage cell ID detection is avoided by assuming no hypotheses of cell ID in 1 NR-PSS. Thus, we have the following observation: 
Observation 3: For single-cell scenario, 
· proposals with single NR-PSS sequence generally have better performance than proposals with multiple NR-PSS sequences, in terms of residual CFO, residual timing offset, and cell ID detection accuracy;
· using large NR-SS transmission bandwidth, single long ZC-sequence for NR-PSS, and M-sequences with cyclic shifts for NR-SSS have best performance in term of cell ID detection accuracy;
· the above observations on -6 dB SNR apply to the whole evaluated SNR range.  
Evaluation Results for Synchronous Multi-Cell Scenario 
1 
2 
3 
3.1 
3.2 
For synchronous multi-cell scenario (i.e., 3 TRPs associated with different cell IDs, and the delay from interferer is uniformly distributed from -1.5 us to +1.5 us for 4 GHz carrier frequency with 30 kHz subcarrier spacing), FIGURE 6 illustrates the CDF of residual CFO from one-shot NR-PSS detection at -6 dB SNR, and FIGURE 7 illustrates the CDF of corresponding residual timing offset from one-shot NR-PSS detection at -6 dB, where we assume same total transmission power  to compare all proposals in both figures. 
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FIGURE 6 Evaluation results on residual CFO from NR-PSS detection (one-shot detection at -6 dB for 4GHz carrier frequency in synchronous multi-cell scenario with CFO assumed as initial acquisition, where the total transmission power is assumed the same across proposals).
[image: ]
FIGURE 7 Evaluation results on residual timing offset from NR-PSS detection (one-shot detection at -6 dB for 4GHz carrier frequency in synchronous multi-cell scenario with CFO assumed as initial acquisition, where the total transmission power is assumed the same across proposals).

The evaluation results of one shot detection at -6dB SNR in synchronous multi-cell scenario are summarized in TABLE 2, where CFO is assumed as initial acquisition (e.g. ± 5 ppm). Note that different proposals are using the same total transmission power in this set of evaluation (e.g. proposals with shorter sequence length are power boosted). 
[bookmark: _Ref478485469]TABLE 2 Evaluation results of one-shot detection at -6 dB for 4GHz carrier frequency in synchronous multi-cell scenario with CFO assumed as initial acquisition.
	company
	NR-PSS sequence number
	cell ID detection accuracy [%]
	90% residual CFO [kHz]
	50% residual CFO [kHz]
	90% residual timing offset [ns]
	50% residual timing offset [ns]

	DOCOMO
	1
	37.5
	1.99
	0.76
	1106.7
	976.5

	Ericsson
	1
	35.8
	2.02
	0.76
	1106.7
	976.5

	Huawei
	3
	40.1
	2.06
	0.82
	1041.6
	911.4

	Intel1
	1
	36.5
	2.82
	1.05
	1171.8
	1041.6

	Intel2
	1
	38.6
	2.01
	0.78
	1106.7
	976.5

	InterDigital
	1
	36.6
	2.12
	0.76
	1171.8
	1041.6

	LG
	1
	32.8
	3.22
	1.32
	1041.6
	911.4

	Motorola
	3
	40.5
	2.06
	0.78
	1106.7
	976.5

	Nokia
	3
	40.3
	2.14
	0.83
	1041.6
	911.4

	Qualcomm
	3
	40.4
	2.82
	1.05
	1041.6
	911.4

	Samsung
	1
	37.6
	2.01
	0.75
	1106.7
	976.5

	ZTE
	3
	38.2
	2.11
	0.80
	1041.6
	911.4


From the evaluation results in synchronous multi-cell scenario, we can observe that proposals with multiple NR-PSS sequence generally have better performance than proposals with single NR-PSS sequences, in term of cell ID detection accuracy, but the degradation of using single NR-PSS sequence is not much (e.g. around 2-3%). Moreover, the proposals of single NR-PSS sequence still acquire good timing and CFO detection performance even in multi-cell scenario. Hence, we have the following observation: 
Observation 4: For synchronous multi-cell scenario, 
· proposals with multiple NR-PSS sequences generally have around 2-3% better performance than proposals with multiple NR-PSS sequences, in term of cell ID detection accuracy;
· proposals with single NR-PSS sequence can have better timing and CFO detection in synchronous multi-cell scenario.  
Evaluation Results for Asynchronous Multi-Cell Scenario 
For asynchronous multi-cell scenario (i.e., 3 TRPs associated with different cell IDs, and the delay from interferer is uniformly distributed from -1 ms to +1 ms), the evaluation results of one shot detection at -6dB SNR are summarized in TABLE 3, where CFO is assumed as initial acquisition (e.g. ± 5 ppm). Note that different proposals are using the same total transmission power in this set of evaluation (e.g. proposals with shorter sequence length are power boosted). 
[bookmark: _Ref478496315]TABLE 3 Evaluation results of one-shot detection at -6 dB for 4GHz carrier frequency in asynchronous multi-cell scenario with CFO assumed as initial acquisition.
	company
	NR-PSS sequence number
	cell ID detection accuracy [%]
	90% residual CFO [kHz]
	50% residual CFO [kHz]
	90% residual timing offset [ns]
	50% residual timing offset [ns]

	DOCOMO
	1
	93.6
	2.80
	0.93
	130.2
	65.1

	Ericsson
	1
	91.7
	3.09
	0.89
	130.2
	0.0

	Huawei
	3
	91.0
	3.54
	1.02
	130.2
	0.0

	Intel1
	1
	92.3
	3.17
	0.97
	130.2
	0.0

	Intel2
	1
	93.6
	3.09
	0.95
	130.2
	65.1

	InterDigital
	1
	92.9
	3.13
	0.96
	260.4
	130.2

	LG
	1
	89.7
	4.34
	1.64
	260.4
	0.0

	Motorola
	3
	92.4
	3.07
	0.90
	130.2
	65.1

	Nokia
	3
	92.2
	2.90
	0.91
	260.4
	0.0

	Qualcomm
	3
	91.4
	3.47
	1.13
	260.4
	0.0

	Samsung
	1
	93.9
	2.99
	0.95
	130.2
	65.1

	ZTE
	3
	90.7
	3.70
	0.97
	260.4
	0.0


From the evaluation results in asynchronous multi-cell scenario, we can observe that proposals with single NR-PSS sequence generally have better performance than proposals with multiple NR-PSS sequences.
Observation 5: For asynchronous multi-cell scenario, 
· proposals with single NR-PSS sequences generally have better performance than proposals with multiple NR-PSS sequences, in term of cell ID detection accuracy.

Evaluation Results for Non-initial Acquisition Scenario
All previous evaluations are for initial acquisition scenario, where CFO of the UE is uniformly distributed between +/- 5 ppm. In this subsection, for a comprehensive study of NR-SS performance, evaluation results for non-initial acquisition scenario are presented, where CFO of the UE is uniformly distributed between +/- 0.1 ppm.  Still, we assume the total transmission power is same across proposals for fair comparison. TABLE 4 summarizes the cell ID detection performance in both single-cell and synchronous multi-cell scenarios, and we can observe that
Observation 6: For non-initial acquisition scenario, expect for slight increase on the cell ID detection accuracies, observations in initial acquisition scenario are also applicable .

[bookmark: _Ref478506019]TABLE 4 Evaluation results of one-shot detection at -6 dB for 4GHz carrier frequency in non-initial acquisition scenario.
	company
	NR-PSS sequence number
	cell ID detection accuracy in single-cell scenario [%]
	cell ID detection accuracy in synchronous multi-cell scenario [%]

	DOCOMO
	1
	96.8
	37.7

	Ericsson
	1
	94.8
	36.0

	Huawei
	3
	93.3
	40.9

	Intel1
	1
	94.3
	36.7

	Intel2
	1
	96.8
	38.9

	InterDigital
	1
	96.6
	37.4

	LG
	1
	94.2
	33.5

	Motorola
	3
	95.5
	41.0

	Nokia
	3
	93.4
	40.6

	Qualcomm
	3
	94.1
	40.7

	Samsung
	1
	96.3
	37.9

	ZTE
	3
	92.8
	38.4



Evaluation Results for NR-PSS Metrics
The evaluation results of PAPR (Peak-to-Average Power Ratio) and RCM (Raw Cubic Metric, note that RCM is utilized here to avoid inconsistence when calculating CM by adopting different references) for proposed NR-PSS sequence(s) are summarized in TABLE 5 and it can be observed that
Observation 7: For NR-PSS sequence(s), 
· interleaving and/or concatenation in frequency domain increase the PAPR and RCM;
· ZC-sequence based design has better PAPR and RSM comparing to M-sequence based design.  
[bookmark: _Ref478486654]
[bookmark: _Ref478488084]TABLE 5 Evaluation results of PAPR and RCM for proposed NR-PSS sequence(s).
	company
	NR-PSS sequence design
	PAPR [dB]
	RCM [dB]

	DOCOMO
	Freq-domain M-sequence with comb structure
	4.79
	3.05

	Ericsson
	Freq-domain interleaved ZC-sequence
	7.09
	7.37

	Huawei
	Freq-domain ZC-sequence with comb structure
	3.24, 5.64, 3.24
	2.12, 4.20, 2.12

	Intel1
	DFT-s-OFDM Time-domain M-sequence
	6.44
	4.43

	Intel2
	DFT-s-OFDM Time-domain M-sequence
	6.57
	4.50

	InterDigital
	Freq-domain ZC-sequence
	4.90
	4.39

	LG
	Time-domain repeated ZC-sequence
	3.32
	1.16

	Motorola
	Freq-domain concatenated ZC-sequence
	6.04, 6.25, 6.04
	6.02, 6.02, 6.02

	Nokia
	Freq-domain M-sequence
	4.23, 5.50, 5.35
	3.11, 4.22, 3.14

	Qualcomm
	Freq-domain ZC-sequence
	2.87, 3.71, 2.87
	1.29, 2.39, 1.29 

	Samsung
	Freq-domain ZC-sequence
	3.76
	2.62

	ZTE
	Freq-domain ZC-sequence
	3.59, 6.21, 3.59
	2.45, 5.26, 2.45



Discussion on the Number of NR-PSS Sequences
In our previous contribution [5], the main issues with multiple NR-PSS sequences are analyzed. First of all, NR-PSS sequence is utilized to detect the time-domain and frequency-domain synchronization hypotheses, such that the PSS detection stage contributes dominantly to the overall detection complexity. For example, if NR-PSS has  frequency-domain hypotheses and   time-domain hypotheses, the total number of blind detection in PSS-stage is , where  is the number of NR-PSS sequences, and the total number of blind detection in SSS-stage is . In general, , so associating smaller number of cell ID hypotheses in NR-PSS is beneficial for overall detection complexity. Secondly, the two-stage cell ID detection scheme has a false alarm issue, especially for neighboring cell search. Due to the sequential nature of cell ID detection (where the detected cell ID is derived from the composition of two detected indices from the PSS and SSS detection stages, and the construction of SSS sequence is based on the scrambling using cell ID information within PSS), the UE on the cell edge ends up with detecting many false cell ID candidates. Those false candidates can be removed in the PBCH detection, however, the periodicity of PBCH is much larger than PSS and SSS, and the capability of cell ID correction from PBCH detection is limited. Hence, fully relying on PBCH to remove the false candidates is not efficient, and it also causes increased latency in cell ID acquisition and degrades the performance of handover. Thirdly, single NR-PSS sequence has better performance in term of residual time-domain and frequency-domain offset, which is not only beneficial in NR-SSS detection (the one we study in this contribution), but also beneficial in other signal detection and/or decoding like NR-PBCH, where the later benefit has not been fully addressed yet in the evaluation. Lastly but not leastly, from the above evaluation results, no obvious performance degradation is observed in term of cell ID detection accuracy by using single NR-PSS sequence for multi-cell scenario (where SFN effect is considered). Note that the evaluation assumption of the multi-cell scenario has exact three cells, which can be considered as the worst evaluation scenario for single NR-PSS sequence design comparing to 3 NR-PSS sequences design, and even in this scenario, no significant performance degradation is observed. In reality, multiple neighboring TRPs can utilize the same cell ID and more than 3 cells can interfere with each other, such that chance to see performance gap as evaluated in the simulation is very rare in practice. Based on above observations and discussion, we have the following proposal: 
Proposal 2: NR shall support single NR-PSS sequence, where no cell identity hypothesis is included in NR-PSS and all cell ID information is included in NR-SSS.
Summary of NR-SS Sequence Design
To summarize, based on the above observations from the evaluation results in single-cell scenario, synchronous multi-cell scenario, asynchronous multi-cell scenario, and non-initial acquisition scenario, the evaluation results on NR-PSS sequence PAPR and RCM, as well as the considerations on UE detection complexity, we have the following proposal for NR-SS sequence design:
Proposal 3: NR shall utilize single long ZC-sequence without interleaving or repetition for NR-PSS, and utilize M-sequences with cyclic shifts for NR-SSS. 
Conclusions
This contribution presented the evaluation and analysis of NR-SS transmission bandwidth and sequence design. Based on the discussion above, we have the following observations and proposals:
Observation 1: Using 24 PRBs for NR-SS transmission with adequate subcarrier spacing (e.g., 30 kHz for 4 GHz) or equivalent subcarrier spacing (e.g. 15 kHz with comb structure for 4 GHz), NR can achieve 90% to 95% cell ID detection accuracy for one-shot detection at -6 dB SNR. 
Observation 2: Using 12 PRBs for NR-SS transmission with adequate subcarrier spacing (e.g., 30 kHz for 4 GHz) or equivalent subcarrier spacing (e.g. 15 kHz with comb structure for 4 GHz), NR can achieve 75% to 80% cell ID detection accuracy for one-shot detection at -6 dB SNR. 
Observation 3: For single-cell scenario, 
· proposals with single NR-PSS sequence generally have better performance than proposals with multiple NR-PSS sequences, in terms of residual CFO, residual timing offset, and cell ID detection accuracy;
· using large NR-SS transmission bandwidth, single long ZC-sequence for NR-PSS, and M-sequences with cyclic shifts for NR-SSS have best performance in term of cell ID detection accuracy;
· the above observations on -6 dB SNR apply to the whole evaluated SNR range.  
Observation 4: For synchronous multi-cell scenario, 
· proposals with multiple NR-PSS sequences generally have around 2-3% better performance than proposals with multiple NR-PSS sequences, in term of cell ID detection accuracy;
· proposals with single NR-PSS sequence can have better timing and CFO detection in synchronous multi-cell scenario.  
Observation 5: For asynchronous multi-cell scenario, 
· proposals with single NR-PSS sequences generally have better performance than proposals with multiple NR-PSS sequences, in term of cell ID detection accuracy.
Observation 6: For non-initial acquisition scenario, expect for slight increase on the cell ID detection accuracies, observations in initial acquisition scenario are also applicable. 
Observation 7: For NR-PSS sequence(s), 
· interleaving and/or concatenation in frequency domain increase the PAPR and RCM;
· ZC-sequence based design has better PAPR and RSM comparing to M-sequence based design.  
Proposal 1: NR shall support 24 PRBs (288 REs) for the transmission of NR-SS and NR-PBCH, which corresponds to 
· parameter set #W associated with 15 kHz subcarrier spacing and 4.32 MHz NR-SS transmission bandwidth; 
· parameter set #X associated with 30 kHz subcarrier spacing and 8.64 MHz NR-SS transmission bandwidth; 
· parameter set #Y associated with 120 kHz subcarrier spacing and 34.56 MHz NR-SS transmission bandwidth;
· parameter set #Z associated with 240 kHz subcarrier spacing and 69.14 MHz NR-SS transmission bandwidth. 
Proposal 2: NR shall support single NR-PSS sequence, where no cell identity hypothesis is included in NR-PSS and all cell ID information is included in NR-SSS.
Proposal 3: NR shall utilize single long ZC-sequence without interleaving or repetition for NR-PSS, and utilize M-sequences with cyclic shifts for NR-SSS. 
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Appendix
[bookmark: _Ref474140471][bookmark: _Ref474140467]TABLE 6 Link level simulation assumptions [4] [6].
	Parameter
	Assumption

	Carrier frequency
	4.0 GHz

	Subcarrier spacing
	30 kHz (except for the evaluations on subcarrier spacing)

	UE CFO 
	initial acquisition scenario: [-5 5] ppm
non-initial acquisition scenario: [-0.1 0.1] ppm

	SS block periodicity
	10 ms

	Antenna
	2×2

	Channel model
	CDL-C with 100 ns delay spread

	UE speed
	3 km/h

	PSS and SSS multiplexing
	TDM

	Multi-cell scenario
	According to [4] and [6]
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