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Introduction
At the RAN1#89 meeting, following agreements and working assumptions related to NR-SS sequence design were reached [1].
	Agreements: 
· Confirm following working assumptions on NR-PSS as agreements
. Number of PSS sequences: 3
1. PSS sequence details:
1. Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
1. 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
1. In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
1. 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  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
· 
· 




In this contribution, we discuss on remaining issues such as working assumption for NR-SSS sequence, initial register state for NR-PSS sequence, and resource mapping for NR-SS sequences. In addition, possible NW adaptation and indication of numerology used for SS block in NSA scenario are also discussed.

Discussion and evaluation on details of NR-PSS/SSS design
Remaining details on initial shift register state for NR-PSS/SSS design
In email discussion [89-15] from RAN1#89 meeting, unclear description regarding on initial shift register state appears on the discussion. The description in agreements has two interpretation options regarding order of bits as follows. 
Option 1:
· Initial state x(0,1,2,3,4,5,6) = (1,1,1,0,1,1,0) for NR-PSS, x(0,1,2,3,4,5,6) = (0,0,0,0,0,0,1) for NR-SSS
Option 2:
· Initial state x(0,1,2,3,4,5,6) = (0,1,1,0,1,1,1) for NR-PSS, x(0,1,2,3,4,5,6) = (1,0,0,0,0,0,0) for NR-SSS

Here we perform the link-level evaluation on the misdetection performance, PAPR, and CM for the comparison between two options for NR-PSS/SSS. The general simulation assumption is described in Annex. From Table I, both of options provide almost the same detection probability. However, from Table II, option 2 provides slightly better PAPR/CM performance. Therefore, we provide following proposal.  

Table I: Misdetection rate for different initial register state of NR-PSS/SSS
	Es/N0
[dB]
	fc
[GHz]
	DS scaling
[ns]
	UE speed
[km/h]
	Number of
interfering TRPs
	Initial state
	Misdetection
rate

	-6
	4
	100
	3
	2
	Option 1
	0.42

	
	
	
	
	
	Option 2
	0.42



Table II: PAPR and CM performance for different initial register state of NR-PSS/SSS
	Initial state
	PSS
	SSS

	
	PAPR [dB]
	CM [dB]
	PAPR [dB]
	CM [dB]

	Option 1
	5.8
	1.4
	10.8
	6.0

	Option 2
	5.7
	1.3
	10.8
	6.0



Proposal 1: Unclear descriptions in agreements regarding the initial register state for NR-PSS/SSS sequence should be revised as follows. 
· For NR-PSS sequence:
· Initial shift register state: x(0,1,2,3,4,5,6) = (0,1,1,0,1,1,1)
· For NR-SSS sequence:
· Initial shift register state: x(0,1,2,3,4,5,6) = (1,0,0,0,0,0,0)

Remaining details on NR-SSS design
As described in section 1, RAN1 made the working assumption on the details of NR-SSS sequence generation. According to the working assumption, NR-SSS sequence design is based on two length-127 M-sequences that apply cyclic shift according NR cell ID so that NR cell ID is jointly determined by NR-PSS/SSS sequences. In order to confirm the working assumption, the detection performance based on the working assumption should be evaluated. Here, we perform link-level evaluation on joint PSS/SSS misdetection rate as shown in Table III. For comparison with the design based on working assumption, we pick up some sequence designs from past study. In the sequence design based on long M-sequence, one long M-sequence is generated by selecting one from three polynomials and by applying cyclic shift to selected M-sequence, i.e., to express 334 cell IDs based on 3 candidate polynomials and up to 127 candidate cyclic shifts. In another sequence design, concatenation of two M-sequences based on two polynomials for length-63 M-sequences are used to generate length-127 sequence as well as LTE SSS sequence generation. From Table III, we can observe that the candidate design based on working assumption and other designs provide almost the same detection performance. We think that the working assumption should not be changed unless it has a significant issue. Therefore, the working assumption should be confirmed.

Table III: Joint PSS/SSS misdetection rate for different NR-SSS sequence
	Es/N0
[dB]
	fc
[GHz]
	DS scaling
[ns]
	UE speed
[km/h]
	Number of
interfering TRPs
	PSS sequence
	Misdetection
rate

	-6
	4
	100
	3
	2
	Working assumption
	0.42

	
	
	
	
	
	Long M sequence
	0.40

	
	
	
	
	
	Concatenation of
two M-sequence
	0.39



Proposal 2: Working assumption regarding on NR-SSS sequence design should be confirmed.

Remaining details on cell IDs for NR-SS
In RAN1#88bis meeting, RAN1 made following agreement regarding the number of NR-SSS sequences [2]. 
	Agreements:
· Number of SSS signals: 1000 post-scrambling



However, as described in section 1, working assumption of NR-SSS sequence provides 1008 sequence generated by the combination of 3 IDs carried by NR-PSS (i.e., ) and 336 IDs carried by NR-SSS (i.e., )). We think that “1000 post-scrambling” in the agreement did not intend the accurate number. In addition, the number of cell IDs for NR-SS should be multiple of three since three PSS sequences are applied. Therefore, we provide following proposal. 

Proposal 3: RAN1 should revise the past agreements on the number of SSS sequences as follows.
· Number of SSS signals: 1008 post-scrambling

Sequence to resource mapping for NR-SS
In LTE-SS, a DC subcarrier is reserved at the centre of SS bandwidth in frequency domain and hence SS sequence is not mapped on the central subcarrier of the SS bandwidth, i.e. 32th subcarrier in 63 subcarriers. Different from LTE, in NR, following agreements were made at RAN1 #86 meeting [3]. 
	Agreements:
· No explicit DC subcarrier is reserved both for DL and UL



In addition, at the RAN1 #88bis meeting, it was agreed that NR-PSS will be mapped to consecutive 127 subcarriers. Therefore, we propose the simple consecutive resource mapping for both NR-PSS and NR-SSS as shown in Figure 1. 
[image: ]
Figure 1: Proposed sequence to resource mapping of NR-SS

Proposal 4: NR-PSS/SSS sequence should be mapped to consecutive 127 subcarriers.

NW adaptation and indication of numerology used for SS block in NSA scenario
NR supports multiple candidate numerologies for a given frequency carrier, and different UE/service may apply different numerology within a NR carrier/cell. NR specification supports mixed numerologies operation where signals/channels with different numerologies are TDMed and/or FDMed. However, it would be complex for both gNB and UE compared with single numerology operation within a carrier/cell. 
RAN1 has considered that SS block signals (i.e., NR-PSS/SSS, NR-PBCH and DMRS for PBCH) would apply default numerology defined per frequency band/range so that UE in initial access can assume single numerology for those signals. However, if NW wants to avoid mixed numerologies operation, numerology for data/control needs to be aligned with fixed default numerology defined per frequency band/range. It seems less flexible in terms of numerology selection.
For non-standalone (NSA) NR carrier/cell, NW can inform UE of numerology applied to SS block signals so that UE can still assume single numerology while flexibility for numerology selection is ensured. Therefore, we think it is beneficial to discuss on such NW adaptation/indication of numerology used for SS block signals in NSA NR carrier/cell. Possible drawbacks are that UE may need to support multiple numerologies for SS block signal detection for a given frequency band/range and requirements/test may need to be specified for each possible numerology for a given frequency band/range.
Proposal 5: RAN1 should discuss on possibility and impact of supporting NW adaptation/indication of numerology used for SS block signals in NSA NR carrier/cell.

Conclusion
In this contribution, we discussed on remaining issues such as working assumption for NR-SSS sequence, initial register state for NR-PSS sequence, and resource mapping for NR-SS sequences. In addition, possible NW adaptation and indication of numerology used for SS block in NSA scenario were also discussed. Based on the discussion, we made following agreements.
Proposal 1: Unclear descriptions in agreements regarding the initial register state for NR-PSS/SSS sequence should be revised as follows. 
· For NR-PSS sequence:
· Initial shift register state: x(0,1,2,3,4,5,6) = (0,1,1,0,1,1,1)
· For NR-SSS sequence:
· Initial shift register state: x(0,1,2,3,4,5,6) = (1,0,0,0,0,0,0)
Proposal 2: Working assumption regarding on NR-SSS sequence design should be confirmed.
Proposal 3: RAN1 should revise the past agreements on the number of SSS sequences as follows.
· Number of SSS signals: 1008 post-scrambling
Proposal 4: NR-PSS/SSS sequence should be mapped to consecutive 127 subcarriers.
Proposal 5: RAN1 should discuss on possibility and impact of supporting NW adaptation/indication of numerology used for SS block signals in NSA NR carrier/cell.
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Annex: Link-level simulation assumptions
Table A-1: Link level simulation assumptions
	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C 
· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz
· ASD = 5 degree, ASA = 30 degree, ZSA = 5 degree, ZSD = 1 degree 
· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	15 kHz

	SNR range
	Es/N0 = -6 dB

	UE speed
	3km/h

	Search window
	5 ms

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element

	Antenna port virtualization
	· Tx : 2 antenna ports, Rx: 1 antenna ports
· Specific antenna port virtualization is not considered on the assumption that ES/N0 includes the beamforming gain.

	Frequency Offset
	Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5 ppm

	Number of interfering TRPs 
	· 0 interfering TRP
· 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB)
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