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1. Introduction
In RAN1NR_AH meeting, the following was agreed: 
	NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design 
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals 
· Alt.1: sequence length is about 255 
· Alt.2: sequence length is about 127 
· Alt.3: sequence length is about 63 
· Note even number is not precluded 
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS 
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value) 
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence 
· FFS on message-based synchronization signal design

Down-select the number of NR cell IDs in PSS and SSS from 
· Alt 1: 504 
· Alt 2: about 1000 to 2000 
· Alt 3: 600 
· Note that other information is not excluded from PSS/SSS 
Down-select from the following alternatives on the number of NR-PSS sequence(s): 
· Alt 1: One 
· Alt 2: Two 
· Alt 3: Three 
· Alt 4: Four 
· Alt 5: Six 
Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting. 



In this contribution we discuss the NR-PSS and NR-SSS sequence length, the number of NR cell IDs in PSS and SSS and how the cell IDs are carried.
2. Design criteria for NR-PSS and NR-SSS 
The design of NR-PSS and NR-SSS shall meet the following targets:
· Low complexity for NR-PSS/SSS detection
· Robustness towards initial frequency offset, mostly for NR-PSS
· Good detection performance
To fulfil the above targets we need to make some tradeoffs. 
· Lower complexity can be achieved using few and short sequences
· Good detection performance could be achieved with longer, more and repeated sequences in order to increase SNR
· Initial frequency offset could be handled with larger SCS
Larger SCS and longer sequences could increase the required measurement bandwidth for NR-PSS/SSS and occupy a large number of time/frequency resources.
3. Discussion on NR-SS sequence properties
In section 3.1 we present some simulation results for different candidate sequence lengths for NR-PSS. In section 3.2 we discuss the number of NR cell IDs and the number of NR-PSS sequences. 
3.1. NR-SS sequence length
In LTE, PSS, UL DMRS and SRS are all based on ZC sequences and some of these signals are transmitted periodically. Considering the main application scenario for NR is TDD, all these signals will be transmitted in the same frequency band. And it was also agreed in RAN1 #87 meeting that ZC-sequence can be used as the baseline sequence for NR-PSS for study. When NR-PSS is also a ZC sequence, the cross-correlation between NR-PSS and the LTE-PSS/UL DMRS/SRS should be taken into account for NR-PSS sequence root index selection. If high cross-correlation exists, false alarm will happen, which will deteriorate the NR cell search performance. In [1] some preliminary analysis and simulation evaluation were provided, which can be taken as a starting point for further NR-PSS study.

We evaluate the NR-PSS detection performance using three different length ZC-sequences (e.g. 63, 127, 255) for given carrier frequency. In the evaluation, we assume that NR-PSS subcarrier spacing is fixed to 30 kHz and 120 kHz for 4 GHz and 30 GHz carrier frequency, respectively. NR-PSS transmission bandwidth is 6 RB, 12 RB and 24 RB for different length ZC-sequences 63, 127 and 255, respectively. In order to ensure the fairness of comparison, we assume that the transmission power applied to NR-PSS transmission bandwidth is the same for different length ZC-sequences. Other evaluation assumptions are shown in Table 2.

Observation: As shown in Figure 1, 2 and Table 1, assuming the same NR-PSS transmission power for different length ZC-sequences, short ZC-sequences can provide similar performance as longer ZC-sequences for given carrier frequency and subcarrier spacing. 

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 1: Considering detection complexity of UE, NR-PSS ZC-sequences length should be 63 for 4 GHz and 30 GHz carrier frequency.
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Figure 1 performance comparing among different PSS sequence length under 4GHz
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Figure 2 performance comparing among different PSS sequence length under 30GHz

Table 1: 50th percentile and 90th percentile (number of NR PSS periods) for NR PSS detection latency
	[bookmark: _Hlk471804702]Carrier Frequency/SCS
	4GHz/30kHz
	30GHz/120kHz

	NR PSS sequence length
	63
	127
	255
	63
	127
	255

	50th percentile
	1
	1
	1
	2
	2
	2

	90th percentile
	3
	4
	4
	6
	6
	6



For NR-SSS we propose to use the same basic sequence length as for NR-PSS, this can improve the detection performance for NR-SSS as coherent accumulation can be used. 

Proposal 2: NR-SSS basic sequences length should be 63 for 4 GHz and 30 GHz carrier frequency.

In our companion contribution [2], about SS block design, we propose to use the following values for SCS and bandwidth for different carrier frequency ranges:

	Frequency range
	SCS [KHz]
	BW [MHz]
	Sequence length (including guard band)

	Below 2GHz
	15
	1.08
	72

	Around 4GHz
	30
	2.16
	72

	Around 30GHz
	120
	8.64
	72

	Around 40GHz
	240
	17.28
	72



We propose to only use the basic sequence length of 63 without any repetition/concatenation for both NR-PSS and NR-SSS. This should be the base line for NR and could be revisited in the work item phase if any performance issues are found.

Proposal 3: As baseline in NR, only use the basic sequence length of 63 for both NR-PSS and NR-SSS, without any repetition/concatenation of the basic sequence length
3.2. Number of NR cell IDs and number of NR-PSS sequences
The same number of cell ID's as in LTE is supported in NR, we do not see any need to increase this number. In NR, TRP's within one cell can use the same cell ID, which relax the need to increase the number of cell IDs used in NR. We also see no obvious reason to change the Cell ID mapping that is used in LTE, e.g using three root sequences for PSS and 168 sequences for SSS. Which together give 504 unique Cell ID's, using the same procedure as in LTE to do the mapping from PSS and SSS sequence number to Cell ID.

Proposal 4: Using three sequences for NR-PSS
Proposal 5: Using 504 Cell IDs, using the same mapping from PSS/SSS sequence to Cell ID as in LTE.
4. Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we have made the following observations and proposals.

Observation: As shown in Figure 1, 2 and Table 1, assuming the same NR-PSS transmission power for different length ZC-sequences, short ZC-sequences can provide similar performance as longer ZC-sequences for given carrier frequency and subcarrier spacing. 

Proposal 1: Considering detection complexity of UE, NR-PSS ZC-sequences length should be 63 for 4 GHz and 30 GHz carrier frequency.
Proposal 2: NR-SSS basic sequences length should be 63 for 4 GHz and 30 GHz carrier frequency.
Proposal 3: As baseline in NR, only use the basic sequence length of 63 for both NR-PSS and NR-SSS, without any repetition/concatenation of the basic sequence length
Proposal 4: Using three sequences for NR-PSS
Proposal 5: Using 504 Cell IDs, using the same mapping from PSS/SSS sequence to Cell ID as in LTE.
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Annex
[bookmark: _Ref463014302]Table 2: Link-level evaluation assumptions
	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C ,AWGN
· [bookmark: OLE_LINK2]with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz 

	FFT size
	128 for SS length 63
256 for SS length 127
512 for SS length 255

	Subcarrier Spacing(s)
	30 kHz for 4 GHz
120kHz for 30 GHz

	SNR 
	-6dB for SS length 63
-9dB for SS length 127
-12dB for SS length 255
	-18dB for SS length 63
-21dB for SS length 127
-24dB for SS length 255

	Search window
	70 OFDM symbols

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	DFT-based the beamforming method, BS 14 beams cover 120 degrees, UE 16 beams cover 360 degrees

	UE speed
	3km/h

	Phase Rotation Model
	
	Follow the PN model of [R1-165005]

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