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1. Introduction
In RAN1 Jan NR Adhoc meeting and RAN1 #88 meetign, the following agreements regarding the default subcarrier spacing and the associated frequency range were made.
Agreements:

· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined

· Frequency range category #1 is evaluated for below 6 GHz

· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting

· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz

· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting

· FFS on the necessity of finer categorization

· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria

· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories

· Note that final set of frequency categories may include more than the above two categories

· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design

· Frequency range Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz

· Frequency range  Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz

· Frequency range  Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz

· Frequency range  Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz

· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4

· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth

· Note that additional  parameter set or further down selection of  parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel
In this contribution, the initial evaluation results are provided to determine and further down select default SS subcarrier spacing.
2. Evaluation results and analysis
We first compare the joint PSS/SSS miss detection probability at 4GHz for different UE speed and different subcarrier spacing. The PSS and SSS sequence are both 127-length ZC sequence. Other evaluation assumptions are provided in the Appendix.
From Fig. 1, we can observe that for UE speed of 3km/h and 120km/h, the miss detection probability with 15KHz and 30KHz subcarrier spacing are similar. For UE speed of 500km/h, the miss detection probability with 30KHz subcarrier spacing is better than that with 15KHz subcarrier spacing. 

Observation 1: SS with 30 KHz subcarrier spacing offers better detection performance than 15 KHz for 500km/h UE speed at 4GHz, while the detection performance with the two subcarrier spacing for 3km/h and 120km/h UE speed are almost the same.
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Fig. 1 Joint PSS/SSS miss detection probability at 4GHz

There are two factors impacting the SS detection performance regarding the numerology, first is whether the CP length is long enough to combat the delay spread, and second is whether the subcarrier spacing is large enough to combat the Doppler spread. 
At 4GHz, the CP length is 4.7us and 2.35us  for 15Khz and 30KHz subcarrier spacing, which are both long enough to combat the delay spread. Then it comes to whether the subcarrier spacing is large enough to combat the 500km/h UE speed at 4GHz. The corresponding Doppler spread at 4GHz is about 1.86 KHz, which results in normalized Doppler spread approximately of 12.4% and 6.2% for 15 KHz and 30KHz, respectively.  The former value is relatively large which is not preferred in the SS design and results in the performance loss shown in Fig.1. Therefore, we have the following proposal.
Proposal 1: For frequency range around 4GHz, the default SS subcarrier spacing is selected to be 30 KHz considering better performance supporting high speed scenario.
Regarding the lower frequency range below 4GHz, for example, around 1GHz, the normalized Doppler spread of 500km/h speed for 15KHz subcarriere spacing is only 3.1%, which is quite small, therefore, the UE speed is not as critical as in the 4GHz scenario. The evaluation result is provided in Fig. 2. It can be observed that the performance of the joint PSS/SSS miss detection probability are similar in terms of subcarrier spacing and UE speed. Therefore, smaller subcarrier spacing with longer CP length is preferred for such frequency range considering tolerance of larger delay spread. Furthermore, in such frequency range, it is expected the same default subcarrier spacing as LTE considering coexistence.
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Fig. 2 Joint PSS/SSS miss detection probability at 1GHz
Observation 2: At 1GHz, the 15KHz and 30KHz subcarrier spacings provide similar SS detection rate performance for different UE speed cases.
Proposal 2: For frequency range around 1GHz, the default SS subcarrier spacing is selected to be 15 KHz considering both LTE coexistence and tolerance towards larger delay spread.

We also compare the joint PSS/SSS miss detection probability at 30GHz for different subcarrier spacing. The PSS and SSS sequence are both 127-length ZC sequence. Other evaluation assumptions are provided in the Appendix.

From Fig. 3, we can observe that the miss detection probability with 120KHz subcarrier spacing is similar than that with 240KHz subcarrier spacing.  This is mainly due to the fact that the CP length for 120KHz and 240KHz can both combat the maximum delay spread of the TDL-C 30ns channel. With current evaluation assumption of UE speed 3km/h, the corresponding Doppler spread at 30GHz is about 83.3Hz, which results in less than 0.1% normalized Doppler spread for both 120 KHz and 240KHz. This indicates that as long as the UE speed is not very high, which is a typical deployment scenario for mmWave, both subcarriers are acceptable. Then the subcarrier spacing can be selected to be the one with larger CP to potentially combat larger delay spread.
Observation 3: At 30GHz, the 120KHz and 240KHz subcarrier spacings provide similar SS detection rate performance for UE speed of 3km/h.
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Fig. 3 Joint PSS/SSS miss detection probability at 30GHz

The normalized Doppler spread are 0.07% and 0.035% for 120KHz and 240KHz, respectively, which indicates that both subcarrier spacing can combat the Doppler spread. Therefore, at 30GHz and UE speed 3km/h, the selection of numerology should mainly consider the relation between maximum delay spread and CP length. Therefore, the smaller subcarrier spacing with longer CP is preferred for such frequency range.

Proposal 3: For frequency range above 6GHz, the default SS subcarrier spacing is determined to be 120 KHz considering tolerance towards larger delay spread.

3. Conclusion
In this contribution, the following observations and proposals are made: 
Observation 1: SS with 30 KHz subcarrier spacing offers better detection performance than 15 KHz for 500km/h UE speed at 4GHz, while the detection performance with the two subcarrier spacing for 3km/h and 120km/h UE speed are almost the same.

Observation 2: At 1GHz, the 15KHz and 30KHz subcarrier spacings provide similar SS detection rate performance for different UE speed cases.
Observation 3: At 30GHz, the 120KHz and 240KHz subcarrier spacings provide similar SS detection rate performance for UE speed of 3km/h.

Proposal 1: For frequency range around 4GHz, the default SS subcarrier spacing is selected to be 30 KHz considering better performance supporting high speed scenario.

Proposal 2: For frequency range around 1GHz, the default SS subcarrier spacing is selected to be 15 KHz considering both LTE coexistence and tolerance towards larger delay spread.

Proposal 3: For frequency range above 6GHz, the default SS subcarrier spacing is determined to be 120 KHz considering tolerance towards larger delay spread.

Appendix

Table 1. Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz
	For above 6GHz

	Carrier Frequency
	4GHz
	30GHz

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

	Channel Model
	CDL-C 100ns
	TDL-C 30ns

	Antenna Configuration
	BS: (1,1,2) with omni-directional antenna element
UE: (1,1,2) with omni-directional antenna element
	BS: (4,8,2), with directional antenna element (HPBW=650, directivity 8dB)
UE: (2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	UE speed
	3km/h, 120km/h, 500km/h
	3km/h

	NR-PSS/SSS detection
	One shot detection

	Frequency Offset
	Perfect frequency estimation
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