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1 Introduction

RAN4 agreed that support of 60kHz SCS is optional in FR1 in Nagoya NR Ad-hoc meeting [1]. In the past few meetings, there were proposals to overturn this argument based on claimed forward compatibility and system performance problems [2]. RAN4#86 hasn’t reached any agreement to overturn the previous agreement, however, the status of 60kHz support in FR1 in the RAN4 UE feature list is “TBD”.

In this paper we present a brief analysis of the problems raised in [2] and show that there are no issues if 60kHz support is kept optional. A similar analysis was already presented in [3].
2 Considerations for UE feature support of 60kHz
It is agreed that across different numerologies, the symbol-level boundary should be aligned, as illustrated in Figure 1. As a result, NR system inherently has forward-compatibility support for 60KHz. Frequency domain coexistence of different numerologies can be achieved by padding guard tones. 
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Figure 1 Symbol-level alignment
Besides symbol-level alignment, the adoption of CBG-level codebook and preemption indication (PI) adds another level of robustness against bursty interference caused by mixed numerology, leading to the observation below.
Observation 1: With symbol level alignment, PI and CBG-HARQ, forward compatibility support for 60KHz is not an issue. 
In Table 1, the HARQ timeline requirement for UE capability 1 is listed. It can be seen from the table that the HARQ timeline does not scale proportionally with numerology, which is especially true when comparing 30KHz and 60KHz. In other words, there is an SCS-independent processing requirement. As a result, even though 60KHz offers tighter symbol-level demodulation pipelining, the overall UE processing timeline advantage of 60KHz compared with 30KHz is only marginal.
Table 1 UE capability 1.

	DMRS for CE
	HARQ Timing Parameter
	Units
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency First
	N2
	Symbols
	10
	12
	23
	36


Observation 2: Even though 60KHz offers tighter symbol-level demodulation pipelining, the overall UE processing timeline advantage of 60KHz compared with 30KHz is only marginal.
In Figure 2 and Figure 3, URLLC link-level study further confirmed Observation 2. 
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Figure 2 Latency-SNR curve for 2-symbol mini-slot under 30KHz and 60KHz SCS (3GPPTurbo LTE-MCS0)
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Figure 3 Latency-SNR curve for 4-symbol mini-slot under 30KHz and 60KHz SCS (3GPPTurbo LTE-MCS0)
3 Conclusion
In this paper we briefly analysed the impact of 60kHz SCS support on NR forward compatibility and support of URLLC. We made the following observations.

Observation 1: With symbol level alignment, PI and CBG-HARQ, forward compatibility support for 60KHz is not an issue
Observation 2: Even though 60KHz offers tightener symbol level demodulation pipelining, the overall UE processing timeline advantage of 60KHz compared with 30KHz is only marginal.
Based on these observations, there are no forward compatibility issues or system performance problems if 60kHz is not supported by all devices. Hence, 60kHz should be kept optional.
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