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Introduction
In 3GPP RAN1#87 meeting, the following agreements were made on the design of synchronization signal[1]:
· For NR-PSS
· ZC-sequence can be used as the baseline sequence for NR-PSS for study.
· Other type of sequences are not excluded, e.g. low density power boosted sequence.
· Study the following alternatives on the NR-PSS sequence length
· Alt 1: using sequence whose length is longer than LTE.
· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.
· Alt 2: using sequence whose length is shorter than LTE.
· Alt 3: using sequence whose length is the same LTE.
· Study the following alternatives on the sequence repetition
· Alt 1: no repetition.
· Alt 2: time-repetitive signal of NR-PSS across OFDM symbols
· Alt 3: time-repetitive signal of NR-PSS within an OFDM symbol
· Alt 4: frequency-repetitive NR-PSS sequences within an OFDM symbol (element-wise or sequence-wise).
· For NR-SSS
· Study the following alternatives for NR-SSS sequence design:
· Alt 1: interleaving two M-sequences without scrambling using ID in PSS (no cell ID in NR-PSS).
· Alt 2: interleaving two M-sequences with scrambling using ID in PSS as in LTE.
· Alt 3: a root sequence cyclically shifted in time and/or frequency domain.
· E.g. ZC-sequence or M-sequence with cyclic shifts.
· Alt 4: message-based transmission (CRC and/or channel coding based). 
· Alt 5: element-wise multiplication of the ZC-sequence and PN-sequence with cyclic shifts. 
· Other alternatives are not excluded.  
· Study the following alternatives on the NR-SSS sequence length:
· Alt 1: using sequence whose length is longer than LTE.
· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.
· Alt 2: using the same NR-SSS sequence length as in LTE.
· Study the following alternatives on the sequence repetition/interleaving:
· Alt 1: no repetition.
· Alt 2: time-repetitive signal of NR-SSS within or across OFDM symbols.
· Alt 3: frequency-repetitive sequences of NR-SSS within an OFDM symbol (element-wise or sequence-wise).
· Alt 4: frequency interleaved sequence of NR-SSS using comb structure within a OFDM symbol.
· 
Further agreement on NR-PSS/SSS evaluation:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting
· SS burst set periodicity
· Subcarrier spacing
· Sequence length
· Sequence type
· Number of IDs provided by NR-PSS/SSS
· Resource mapping/multiplexing
· 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
· Reasonable complexity for NR-PSS/SSS detection
· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario
· Note: for mMTC, different target requirements may be considered
· Following aspects can be considered (not an exhaustive list)
· Low system overhead due to NR-PSS/SSS transmission
· Low PAPR of waveform for possible power boosting transmission
· Multiplexing with other signal/channel for efficient operation
· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH

In this contribution, we discuss numerology of NR-PSS and NR-SSS. It is suggested that only one subcarrier spacing (SCS) is applied to a certain frequency range. Preliminary simulation results are presented to find the suitable subcarrier spacing for 2 GHz, 4 GHz and 30 GHz. 
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.
In [5], we propose to use NR-SSS and DMRS for NR-PBCH as the RS for IDLE mode RRM measurements, which is the basis for cell selection/reselection. In [6], we propose that these signals should be measured and reported also by CONNECTED mode UEs, in order to discover cells that transmit only the minimum always-on signal. Even though measurement performance is important, the primary design targets for NR-PSS/SSS are the ones listed in the bullets above.
NR-SS design
There have been proposals to standardize multiple candidate subcarrier spacings for NR-PSS and NR-SSS in a given frequency range [2] [3] [4]. Then TRP can select one SCS according to different situations. There are three options as shown in Figure 1.


Figure 1: Three options for multiple candidate subcarrier spacing
· option 1: the same transmission bandwidth and sequence length for different SCSs. 
· option 2: the same sequence length, but different transmission bandwidths for different SCSs 
· option 3: The same transmission bandwidth, but different sequence length for different SCSs. 
For option 1, transmission bandwidth is determined by the largest SCS. The elements of NR-PSS and NR-SSS sequences are mapped onto subcarriers one by one for largest SCS.  For other smaller SCSs, comb structure is used as shown in Figure 1. One of every N subcarriers is used to carry NR-PSS/SSS sequence and the waveform is repeated N times in time domain. This option will bring unnecessary detection complexity since maximum NR-SS bandwidth is always used even in the case where a smaller SCS and corresponding low timing accuracy is needed. Moreover, this option will also increase the number of blind detection since N varies with SCS. It is noted that if only one repetition is used to avoid increasing the number of blind detection, the NR-PSS/SSS performance will degrade. 
For option 2, the different detectors corresponding to different SCSs are required. It would increase detection complexity.
For option 3, it uses a fixed bandwidth for NR-PSS/SSS regardless of SCS. Therefore larger SCS means shorter NR-PSS/SSS sequence length, which will degrade detection performance. Furthermore, the detection complexity is also increased since UE will try different NR-PSS/SSS sequences for different SCSs
Based on above analysis, standardize multiple candidate subcarrier spacing for NR-PSS/SSS in a given frequency range will increase the complexity of NR-PSS/SSS detection. No remarkable benefit is seen. Therefore, we suggest that specify one subcarrier spacing for NR-PSS/SSS in a certain frequency range. 
Proposal 1: 
· Specify one SCS for NR-PSS/SSS in a given frequency range 
It is noted that timing accuracy obtained from NR-PSS/SSS may only satisfy the requirement during initial access. Data transmission after initial access may need higher timing accuracy when larger SCS is used. Therefore, UE may use other RS or NR-PSS/SSS with wider bandwidth for higher timing accuracy when larger SCS is configured.
Another issue is if NR-SSS can utilize different bandwidth from NR-PSS. The benefit of using different bandwidth for NR-PSS and NR-SSS seems not obvious if timing accuracy of NR-PSS can satisfy the requirements during initial access. Moreover, NR-PSS cannot be used for coherent detection of NR-SSS if different bandwidths are used, which will degrade the performance of NR-SSS detection.
Proposal 2: 
· Using identical bandwidth for NR-PSS and NR-SSS.
In this part, we update our evaluation in [7] with updated evaluation assumptions as shown in Table 3 in Appendix. We evaluate the NR-PSS and NR-SSS detection performance using different SCSs for 2GHz, 4 GHz and 30GHz carrier frequency, and provide our preference of SCS selection for above frequency band. 
Table 1 shows the 50th percentile and 90th percentile for NR SS detection latency below 6GHz. And Table 2 shows the 50th percentile and 90th percentile for NR SS detection latency under 30GHz. 
For 2GHz, both NR SS SCS of 15kHz and 30kHz show commendable performance regardless of the delay scaling is 100ns or 1000ns. And only a very tiny gap between them is present. Therefore, SS SCS of LTE (i.e.15 kHz) can still be used by NR at low frequency(at least for below 2GHz). 
For 4GHz, it is observed that 50th percentile and 90th percentile detection latency for SCS 15 kHz is much longer than 30 kHz and 60 kHz due to the impact of higher frequency offset. Moreover, 50th percentile detection latency for subcarrier spacing 30 kHz and 60 kHz are similar. 90th percentile detection latency for subcarrier spacing 30 kHz is even smaller than 60 kHz due to its better ability of resisting multipath. Therefore subcarrier spacing 30 kHz for NR SS is an appropriate value for 4 GHz. 
For 30GHz, Using similar analysis method, subcarrier spacing 120 kHz for NR SS is an appropriate value for 30 GHz.
Figure 2 to figure 6 provide respectively CDF for detection latency during initial access for 2 GHz, 4GHz and 30GHz under the different delay scaling. Similar conclusions can be obtained as above.
Table 1: 50th percentile and 90th percentile (number of NR SS periods) for NR SS detection latency below 6GHz
	[bookmark: _Hlk471804702]Carrier Frequency
	2GHz
	4 GHz

	Sub-carrier spacing
	15kHz
	30kHz
	15 kHz
	30 kHz
	60 kHz

	100ns
	50th percentile
	1
	1
	1
	1
	1

	
	90th percentile
	3
	2
	11
	1
	3

	1000ns
	50th percentile
	1
	1
	1
	1
	1

	
	90th percentile
	4
	5
	24
	3
	6



Table 2: 50th percentile and 90th percentile (number of NR SS periods) for NR SS detection latency at 30GHz
	Carrier Frequency
	30 GHz

	Sub-carrier spacing
	60kHz
	120 kHz
	240 kHz

	50th percentile
	60
	3
	2

	90th percentile
	1200
	10
	5
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Figure 2: CDF for detection latency during initial access for 2GHz with 100ns delay scaling
[image: ]
Figure 3: CDF for detection latency during initial access for 2GHz with 1000ns delay scaling
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Figure 4: CDF for detection latency during initial access 4GHz with 100ns delay scaling
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 5: CDF for detection latency during initial access 4GHz with 1000ns delay scaling
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Figure 6: CDF for detection latency during initial access 30GHz with 30ns delay scaling
For NR-PSS/SSS we proposed to use SCS = 15KHz for frequency range below 2GHz, SCS = 30KHz for frequency range around 4GHz and use SCS = 120kHz for frequency range around 30GHz when +/- 5 ppm is considered as the largest frequency offset. As shown in our companion contribution [7], if +/- 10 ppm is considered as the largest frequency offset, SCS = 240kHz for frequency range around 30GHz will be used.
Proposal 3: It is proposed the following SCSs for given carrier frequencies when +/- 5 ppm is considered as the largest frequency offset: 
· SCS = 15KHz for below 2GHz
· SCS = 30 KHz for around 4GHz
· SCS = 120 KHz for around 30GHz
The sequence length used in LTE have been shown to give good detection performance, we do not see any obvious reason for changing the sequence length. As we now propose to use a SCS of 15kHz, 30kHz and 120kHz for the different frequency ranges we propose that the bandwidth for NR-PSS/SSS is 1.08MHz when SCS = 15kHz is used 2.16MHz when SCS = 30kHz is used 8.64MHz when SCS = 120 kHz is used and 17.28MHz when SCS = 240 kHz is used.
[bookmark: OLE_LINK7]Proposal 4: 
· Sequence length of NR-PSS is 63, using Zadoff-Chu sequence
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
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 5:
· Using 504 Cell IDs, using the same mapping from PSS/SSS sequence to Cell ID as in LTE.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss issues related to NR-PSS and NR-SSS design. Based on our analysis, we have the following proposals 
Proposal 1: 
· Specify one SCS for NR-PSS/SSS in a given frequency range. 

Proposal 2: 
· Using identical bandwidth for NR-PSS and NR-SSS.
Proposal 3: It is proposed the following SCSs for given carrier frequencies when +/- 5 ppm is considered as the largest frequency offset: 
· SCS = 15KHz for below 2GHz
· SCS = 30 KHz for around 4GHz
· SCS = 120 KHz for around 30GHz
Proposal 4: 
· Sequence length of NR-PSS is 63, using Zadoff-Chu sequence
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
Proposal 5:
· Using 504 Cell IDs, using the same mapping from PSS/SSS sequence to Cell ID as in LTE.
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Appendix
[bookmark: _Ref463014302]Table 3: Link-level evaluation assumptions[8]
	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C ,AWGN
· [bookmark: OLE_LINK2]with delay scaling values of 100 ns, 1000ns for 4 GHz, 30 ns for 30 GHz 

	FFT size
	128

	Subcarrier Spacing(s)
	15kHz, 30kHz for 2GHz
15kHz, 30 kHz, 60kHz for 4 GHz
60kHz, 120kHz, 240 kHz for 30 GHz

	SNR 
	 -6dB
	 -18dB

	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 [9]

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