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Introduction
In RAN1 #88bis Meeting the synchronization signals for NR design were agreed for the following [2]:
Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.
· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
Agreements:
· The number of antenna ports of NR-SSS is 1 
 
In addition, in RAN1 #89 Meeting the synchronization signals for NR design were agreed for the following [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

Furthermore the following was agreed as 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

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example, operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR [3]. 
In this contribution we further discussed and summarized the synchronization signal sequence design for NR-PSS and NR-SSS.

Synchronization Signal Sequence
In this section, we consider the NR-SS sequence design. At least 1000 hypotheses should be provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design. It may be further investigated whether NR-PSS/SSS can be used to indicate information other than the NR physical cell ID. It may be possible to use NR-SSS to indicate information such as radio frame boundary, however further investigation is needed. Since use of the NR-SSS to indicate other information may increase the number of hypotheses for NR-SSS detection which will result in increased detection complexity, therefore the use of NR-SSS to indicate additional information may need to be further studied. The trade-offs between benefits of obtaining other information from NR-SSS and increased detection complexity of NR-SSS should be carefully investigated. 
NR-PSS Sequence 
It was agreed that the number of NR-PSS sequences is three. Frequency domain-based pure BPSK M sequence is assumed for NR-PSS sequence. This was proposed to mitigate the detection ambiguity due to the time and/or frequency offsets. 
A single polynomial was agreed for generation of NR-PSS sequence. Such polynomial is based on decimal 145, and the following polynomial was assumed,
+
In frequency domain, three cyclic shifts 0, 43 and 86 are used to generate the three NR-PSS signals. The initial polynomial shift register value can be set to 1110110. 
It was investigated that modified Zadoff-Chu (ZC) sequences can also be used. Modified ZC sequences may include two ZC sequences concatenation or interleaving in either time and/or frequency. Furthermore, four ZC sequences concatenation in time may also be considered. Modified Zadoff-Chu (ZC) sequences offer similar performance as frequency domain-based pure BPSK M sequence.
NR-PSS sequence length was further agreed to be 127 for frequency domain-based pure BPSK M sequence. NR-PSS sequence can be mapped to consecutive 127 subcarriers accordingly.

NR-SSS Sequence 
It was agreed that NR-SSS sequence should assume long M-sequence with scrambling. NR-SSS sequence length was also agreed to be 127 which is the same as the length of NR-PSS sequence. 
The NR-SSS sequence denoted as  may be a length-N binary sequence which is scrambled with a scrambling sequence provided by the primary synchronization signal (i.e., NR-PSS). NR-SSS sequence may be expressed as
 ,         n=0, 1, ,…, N-1.

NR-SSS sequence design is one polynomial with 127 cyclic shifts, and one 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 may be 0000001. NR-SSS sequence can be mapped to consecutive 127 subcarriers accordingly. 

NR Physical Cell ID Mappings 
The physical-layer cell identity group can be defined or mapped by the following equation:
The cyclic shift values  and  are jointly determined by the cell IDs carried by NR-PSS (i.e., ) and NR-SSS (i.e., ). 

The cell ID is given by 



and the cyclic shift values  and  are given by




Proposal 1: The generation of NR-SSS sequence and Cell ID mappings may be based on working assumption.
Proposal 2: NR-PSS and NR-SSS sequence should be mapped to consecutive 127 subcarriers accordingly.
Conclusions
In this contribution, we consider the NR-SS sequence design and related observations for initial access for single and multi-beam initial access. We have the following proposals:
Proposal 1: The generation of NR-SSS sequence and Cell ID mappings may be based on working assumption.
Proposal 2: NR-PSS and NR-SSS sequence should be mapped to consecutive 127 subcarriers accordingly.
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Appendix: Evaluation Assumptions And Results

Based on the evaluation assumptions described in 3GPP TR38.802, link-level evaluation assumptions is provided in Table A1. 

Table A1. Link-level Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz
	For above 6GHz

	Carrier Frequency
	4GHz
	30GHz

	Default subcarrier spacing
	15kHz, 30kHz
	120kHz, 240kHz

	Channel Model
	Table A.1.5-1 in [2]
Note: Zero interfering TRP should be assumed for above 6GHz.

	Antenna Configuration
	

	UE speed
	

	Number of interfering TRPs
	

	Target received baseband SNR 
	-6dB
Note: Proponents provide results over a range of SNR including -6 dB.

	NR-PSS/SSS detection
	Note: Good one-shot detection probability should be taken into account for reporting joint PSS/SSS misdetection rate, the residual timing error and frequency error.
Note: For reporting joint PSS/SSS detection latency, accumulation among SS blocks in different SS burst sets is not precluded.

	Frequency Offset
	· For initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5, 10, 20 ppm (each company to choose one)
· Non-initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm
Note: The following target requirements should be taken into account in NR-PSS/SSS design
· Robustness against initial frequency offset up to 5 ppm
· 10 ppm as optional requirement

	Timing arrival difference from interfering TRPs
	· Synchronous scenario: 
Uniformly distributed from -3/N us to +3/N us, where N denotes scaling factor (N= Default subcarrier spacing (kHz)/15(kHz)).
· Asynchronous scenario: 
Uniformly distributed from -1 ms to 1 ms

	BS Tx power for NR-SS 
	Note: Companies describe whether it is assumed that the TX power is kept constant when comparing different sequence proposals.




For evaluation, the performance metrics below are considered:
· PAPR
· Residual timing offset and carrier frequency offset
· Cross-correlation performance of NR-SSS sequences
The evaluation results are provided as follows.

PAPR
Figure 1 shows PAPR for NR-SSS. 
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Figure 1. PAPR for NR-SSS sequence 

Residual timing offset and carrier frequency offset
Figure 2 shows residual timing offset and Figure 3 shows residual carrier frequency offset.
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Figure 2. Residual timing offset
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Figure 3. Residual carrier frequency offset

Table 1 and 2 shows 50% and 90% tile residual timing offset and carrier frequency offset.
[bookmark: _MailEndCompose]Table 1. 50% and 90% tile residual timing offset and carrier frequency offset
	50% and 90% tile
	No interferer (120kHz SCS, above 6GHz)

	
	Residual timing offset (us)
	Residual carrier frequency offset (kHz)

	M Sequence
	0.065
	5.30
	5.20
	12.39

	ZC – Concatenated
	0.065
	5.40
	5.22
	12.59

	ZC  Interleaved
	0.065
	5.20
	5.22
	12.56

	ZC Conj-Interleaved
	0.065
	5.13
	4.91
	11.93



Table 2. 50% and 90% tile residual timing offset and carrier frequency offset
	50% and 90% tile
	No interferer (240kHz SCS, above 6GHz)

	
	Residual timing offset (us)
	Residual carrier frequency offset (kHz)

	M Sequence
	0.016
	1.54
	8.73
	22.23

	ZC – Concatenated
	0.016
	1.48
	9.34
	23.11

	ZC  Interleaved
	0.016
	1.64
	9.80
	23.71

	ZC Conj-Interleaved
	0.016
	1.40
	8.65
	21.30




Cross-correlation performance of NR-SSS sequences
Figure 4 shows cross-correlation performance for NR-SSS. 
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Figure 4. Cross-correlation performance for NR-SSS sequence
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