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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The support of different subcarrier spacing (SCS) for synchronization and data transmissions is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of NR subcarrier spacing support above 6GHz.

2 NR subcarrier spacing support above 6GHz
During RAN4#82bis the following agreement was reached:

· SCS supported for bands below 1 GHz

· 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· SCS supported for bands between 1GHz and 6GHz

· 15kHz, 30kHz, 60kHz

· SCS supported for bands above 24GHz and below 52.6GHz

· 60 kHz, 120kHz

· 240kHz is not applicable for data

· 240kHz for data can be further considered if a clear benefit is shown 

· SCS support is band dependent
· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases
In addition during RAN1#88bis the following agreement was reached regarding the supported SCS for NR SS blocks:

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
Based on the above agreements, 120kHz is supported for data and potentially also for PSS/SSS in bands above 6GHz, while 240kHz is currently only applicable for the synchronization signals. However, there are several reasons that 240kHz is critical for deployments in bands above 6GHz. 

The first reason is that since the signals within SS blocks are time multiplexed, the total amount of overhead taken by the SS blocks in time is a function of the number of symbols (1 symbol for PSS, 1 symbol for SSS, 2 symbols for PBCH) and the symbol duration which is inversely proportional to the SCS chosen. Figure 1 below shows an example multiplexing of DL and UL control along with SS blocks within a 14 symbol slot for 120kHz and 240 kHz SCS for the SS Block signals.
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Figure 1. Multiplexing SS Blocks with 120kHz or 240kHz SCS within a 14 symbol slot
Clearly the 120kHz option supports a fewer number of SS blocks (3 for 120kHz vs. a maximum of 6 for 240kHz). This is especially sub-optimal given that it is possible that a very large number of SS Blocks may be transmitted on a given frequency band (for example if a large number of analog beams are utilized at the gNB). In fact, during RAN1#88bis up to 64 SS blocks within a periodic SS burst set (e.g. 20ms) were agreed to be supported in the bands of interest above 6GHz:

Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

Potentially requiring 22 slots compared to 12 or 13 every 20ms just for SS Block transmissions is very inefficient and will overall system capacity and latency since UL control cannot be multiplexed in slots with 3 120kHz SS blocks. However the delays or scheduling restrictions imposed upon the network by 120kHz SCS SS Blocks are mitigated in the case of selecting 240kHz for the SS Block SCS. 
In addition, a larger SCS provides increased robustness against carrier frequency offset (CFO) and phase noise impairments which can be significant challenges for operation at mmWave frequencies. As a result it is proposed that 240KHz SCS is supported for SS Block signals in bands above 24GHz and below 52.6GHz.
Proposal 1: 240KHz SCS is supported for SS Block signals in bands above 24GHz and below 52.6GHz. 
3 Conclusion
This contribution analyzed the requirements for the SCS support in bands above 6GHz. The following proposal was made:
Proposal 1: 240KHz SCS is supported for SS Block signals in bands above 24GHz and below 52.6GHz. 
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