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1 Introduction
In 3GPP RAN1#86bis meeting, the following agreements were made on the design of synchronization signal[1]:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

In this contribution, we discuss numerology of NR-SS. 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 4 GHz and 30 GHz. Moreover, we also analyze if NR-SS is sufficient for RRM measurement in RRC-IDLE mode and RRC CONNECTED mode.
2 SCS Selection for NR-SS
2.1 Number of SCS in one Frequency Range
NR aims to support a broad frequency range i.e. from 0 to 100 GHz. To cope with the requirements in different frequency bands, it was agreed that NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing. Phase noise and frequency offset are two main factors that impact the selection of subcarrier spacing. Generally, phase noise and frequency offset become larger with the increase of carrier frequency. Therefore, larger subcarrier spacing for SS is required in higher frequency in order to combat the effects of phase noise and frequency offset. However, it does not mean that the subcarrier spacing of NR-SS for a certain frequency range should be as large as possible due to the following reasons:
1) larger subcarrier spacing means shorter Cyclic Prefix (CP) and higher timing accuracy requirement. This may require larger transmission bandwidth for NR-SS, and then result in higher SS detection complexity and higher requirement on minimum UE operating bandwidth.
2) shorter CP is not robust against effects of multi-path.
Therefore, if the negative impact of phase noise and frequency offset can be effectively overcome, a smaller subcarrier spacing is desirable for NR-SS in a given frequency range. 
There have been proposals to standardize multiple candidate subcarrier spacings for NR-SS 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.
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Figure 1: Three options for multiple candidate subcarrier spacings

· 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-SS sequence 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-SS 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-SS 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 SS regardless of SCS. Therefore larger SCS means shorter SS sequence length, which will degrade detection performance. Furthermore, the detection complexity is also increased since UE will try different NR-SS sequences for different SCSs
Based on above analysis, standardize multiple candidate subcarrier spacings for NR-SS in a given frequency range will increase the complexity of NR-SS detection. No remarkable benefit is seen. Therefore, we suggest that specify one subcarrier spacing for NR-SS in a certain frequency range. In the following section, simulation is performed for NR-SS SCS selection in 4 GHz, 30 GHz.
Proposal 1: 
· Specify one SCS for NR-SS in a given frequency range 
It is noted that timing accuracy obtained from NR-SS 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 SS 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.
2.2 SCS Selection of NR-SS in Different Frequency Ranges
In this section, we evaluate the NR-PSS detection performance using different SCSs for 4 GHz and 30GHz carrier frequency, and provide respectively tendency of SCS selection for 4 GHz and 30 GHz under given maximum frequency offset. Evaluation assumptions are shown in Table 2 in Appendix. 

Table 1 shows the 50th percentile and 90th percentile for PSS detection latency. It is observed that 50th percentile and 90th percentile detection latency for subcarrier spacing 15 kHz for 4 GHz is much longer than 30 kHz and 60 kHz. The reason is that maximum frequency offset 40 kHz for 4 GHz in case of +/- 10 ppm frequency offset is so much larger than 15 kHz that SCS 15 kHz cannot combat the effects of phase noise and 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 larger than 60 kHz, but 8 PSS periods of detection latency is also acceptable. Therefore subcarrier spacing 30 kHz for NR-PSS is an appropriate value for 4 GHz. Using similar analysis method, subcarrier spacing 240 kHz for NR-PSS is an appropriate value for 30 GHz.
Figure 2 and Figure 3 provide respectively CDF for detection latency during initial access for 4 GHz and 30 GHz. Similar conclusions can be obtained as above.
Figure 4 and Figure 5 provide respectively CDF for residual timing offset during initial access for 4 GHz and 30 GHz. Residual timing offsets of subcarrier spacing 30 kHz and 60 kHz is similar for 4 GHz which are better than 15 kHz. Residual timing offsets of subcarrier spacing 240 kHz and 480 kHz is similar for 30 GHz which are better than 120 kHz. From the perspective of residual timing offset, we can also get similar conclusions as above.
Therefore, it can be observed that subcarrier spacing 30 kHz and 240 kHz for NR-PSS is an appropriate value for 4 GHz and 30 GHz respectively under given maximum frequency offset.
Table 1 50th percentile and 90th percentile (PSS periods) for PSS detection latency
	Carrier Frequency
	4 GHz
	30 GHz

	
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	240 kHz
	480 kHz

	50th percentile
	25
	1
	1
	8
	2
	2

	90th percentile
	456
	8
	1
	162
	5
	5
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Figure 2 CDF for detection latency during initial access for 4 GHz
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Figure 3 CDF for detection latency during initial access for 30 GHz
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Figure 4 CDF for Residual timing offset during initial access for 4 GHz
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Figure 5 CDF for Residual timing offset during initial access for 30 GHz

Observation1: 
· 30 kHz SCS of PSS is an appropriate value for 4 GHz under the given maximum frequency offset.

· 240 kHz SCS of PSS is an appropriate value for 30 GHz under the given maximum frequency offset.

3 RRM Measurement with NR-SS
The NR-SS should be designed to meet the SS-related requirements, such as 

· cell search UE complexity and power consumption, 
· cell search performance (latency, error probabilities, etc),
· synchronization accuracy,
· the number of cell IDs. 

Similarly, a separate DMRS for NR-PBCH (if defined) should be optimized for the delivery of NR-PBCH. The DL signal for idle-mode cell-level RRM measurement, on the other hand, should fulfill requirements on measurement accuracy. It can be noted that a signal optimized to meet SS-related requirements can be quite different from a signal optimized to meet the RRM measurement requirements, e.g. LTE PSS/SSS vs LTE CRS. Hence, we propose the following design approach:
1) NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements. DMRS for NR-PBCH (if defined) is optimized for PBCH-related requirements.
2) NR-SS and/or DMRS for NR-PBCH is used for idle-mode RRM measurement if NR-SS and/or NR-PBCH can also meet the requirements for idle-mode RRM measurements in idle-mode further discussed in [10].
As presented in [5][6] the UE measurement requirements are defined in terms of measurement accuracy which is to be met over a certain physical layer measurement period. It is known that the RSRP measurement accuracy depends on SINR, measurement bandwidth and the number of samples per measurement period. 
In LTE, a UE in the RRC_IDLE state shall perform RRM measurements based on CRS for cell selection and reselection. The S criterion must be fulfilled for cell selection and the R criterion for cell reselection. The UE shall filter RSRP and RSRQ measurement of each measured intra-frequency cell using at least 2 measurements [5]. Depending on the system bandwidth, the CRS may occupy a wider bandwidth than PSS/SSS and more OFDM symbols in one subframe, which result in more accurate RRM measurement than PSS/SSS. However, if UE is allowed to use more time domain instances, then measurement accuracy with PSS/SSS can also be increased as shown in Figure 6. However, longer cell searching time due to more time domain instances should also be considered. Therefore, it can be considered for NR to use NR-SS/DMRS of NR-PBCH to perform RRM measurement if the requirements of idle-mode can be met. RAN1 should send LS to RAN4 to evaluate the corresponding impact if only NR-SS/DMRS of NR-PBCH is used for RRM measurement of idle mode.
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Figure 6 RSRP Accuracy Comparison of Different # of Time Instance
Proposal 3: 
· NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements.
· NR-SS is used for idle-mode RRM measurement if NR-SS can also meet the requirements for idle-mode RRM measurements.
· RAN1 should send LS to RAN4 to evaluate the corresponding impact if only NR-SS/DMRS of NR-PBCH is used for RRM measurement in idle mode.
4 Conclusions
In this contribution, we discuss issues related to NR-SS design. Based on our analysis, we have the following proposals and observations 
Proposal 1: 
· Specify one SCS for NR-SS in a given frequency range 

Proposal 2: 
· Using identical bandwidth for NR-PSS and NR-SSS.
Proposal 3: 
· NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements.
· NR-SS is used for idle-mode RRM measurement if NR-SS/DMRS of NR-PBCH can also meet the requirements for idle-mode RRM measurements.
· RAN1 should send LS to RAN4 to evaluate the corresponding impact if only NR-SS/DMRS of NR-PBCH is used for RRM measurement of idle mode.
Observation1: 
· 30 kHz SCS of PSS is an appropriate value for 4 GHz under the given maximum frequency offset.

· 240 kHz SCS of PSS is an appropriate value for 30 GHz under the given maximum frequency offset.
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6 Appendix
Table 2 Link-level evaluation assumptions[8]
	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C ,AWGN
· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz 

· ASA =15 degree, and ASD = 60 degree for  30 GHz

· ZSA = 5 degree, ZSD = 1 degree for 4 GHz 

	FFT size
	128

	Subcarrier Spacing(s)
	15, 30,60 kHz for 4 GHz
120, 240, or 480 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 +/- 10 ppm
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