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1. Introduction
At the RAN4 #NR-AH3 meeting, the followings were agreed regarding UE mandatory subcarrier spacing (SCS) for data channel [1].
	· UE shall support sub-carrier spacing(s) for data in TDM manner as below in Rel-15:

· For sub-1GHz

· Mandatory: 15k, 30k

· For 1GHz-6GHz

· Mandatory: 15k, 30k

· Optional: 60k

· For mmWave

· Mandatory: 60k, 120k


However, there is no agreement for UE mandatory SCS for synchronization signal block (SSB). The original WF of this WF [1] included such aspect as below[2] (which was not agreed).
· UE shall support all the sub-carrier spacing of synchronization signal for synchronization signal
This was unfortunately removed to avoid misunderstanding that UE shall support all the SCS for SSB as “default SCS”. In this contribution, we discuss the UE mandatory SCS for SSB.
2. Discussion

Regarding SCS for SSB, RAN1 agreed that for NSA carrier, non-default SCS can be configured by the network as follows:
	Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information
· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier
· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission


Note that NSA carrier means the carrier that UE cannot access without NW assistance information, i.e. PSCell and SCell in both SA and NSA operations in our understanding. This agreement enables that operators can configure an optimal SCS for NSA carrier according to the own deployment scenario. For example, an operator A who has narrow spectrum holding in mmW may configure 120kHz SCS for SSB, while operator B who has wider spectrum holding may configure 240kHz SCS for SSB in the same band as shown blow. 
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Figure 1. Example of SSB SCS configuration between operators 

There would be a trade-off between larger and smaller SCS values. For example, larger SCS may have shorter time-overhead of SSB thanks to shorter symbol duration, but it may have narrower coverage due to shorter CP duration. Hence, it is very beneficial for operators to be able to select optimal SCS value for their network. From the UE perspective, on the other hand, roaming, such as between operator A and B, is likely to happen as illustrated in Figure 1. In this case, a UE needs to support all the SCS for SSB, otherwise, the UE cannot connect to the band in which un-supported SCS is configured. In Figure 1, for example, a UE cannot connect (roaming) to the mmW band in operator B if the UE supports only 120kHz SCS for SSB. Hence, UE shall support all SCS for SSB at least for NSA carriers.
Proposal: For NSA carrier, UE shall support all the sub-carrier spacing for synchronization signal block.

· For the bands below 6GHz: 15kHz, 30kHz

· For the bands between 6 GHz and 52.6 GHz range: 120kHz, 240kHz

· NSA carrier means that all NR carriers used by PSCell and SCell in SA/NSA operations. 

· Note that the proposal does not mean that UE shall support all the SCS for synchronization signal block as “default SCS”
3. Conclusion
In this contribution, we discuss the UE mandatory SCS for synchronization signal block. From the analysis, we made the following proposals.
Proposal: For NSA carrier, UE shall support all the sub-carrier spacing for synchronization signal block.

· For the bands below 6GHz: 15kHz, 30kHz

· For the bands between 6 GHz and 52.6 GHz range: 120kHz, 240kHz

· NSA carrier means that all NR carriers used by PSCell and SCell in SA/NSA operations. 

· Note that the proposal does not mean that UE shall support all the SCS for synchronization signal block as “default SCS”
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