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 Introduction

RAN4 work was started in RAN4#106 on NR support for dedicated spectrum less than 5MHz for FR1 [1]. The wayforward on system parameter was agreed [2]. The following open issues remain for the sync raster.
	Issue 2-5: If finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible
· Option 1: Finer synch raster is feasible for 3MHz
· Option 2: Reuse current synch raster design for 5MHz
· Option 3: For 5 MHz channel bandwidth, no need to define a generic new synchronization raster as the use case is limited to lower edge of n100, unpunctured SSB will be assumed and at most one new synchronization raster point will be needed.
Agreement: 
· Finer synch raster is feasible for 3MHz
· FFS on Option 2 and 3

Issue 2-7: Finer synchronization raster for 3 MHz channel bandwidth
· Option 1: 100 kHz synch raster, same as channel raster
· Option 2: 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} plus 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· Option 3: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
· Option 4: N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}
· Option 5: N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}
Agreement: 
· FFS

Issue 2-8: Narrowband operation with 5 MHz RF channel bandwidth in n100
· Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel.
· Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz.
Agreement: 
· FFS



In the reply LS from RAN [3], the following answers to question 1 of RAN4 LS [4] were received.
	· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels.
· It is assumed that UE support of the <5MHz feature is band-specific and optional.



In the RAN reply LS to RAN1 [5], the following answers were received.
	· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1



In this contribution, it is proposed to further down-select the sync raster options considering the inputs from RAN.
Discussion

Sync raster for 3 MHz channel bandwidth
Five sync raster options were discussed in RAN4#106 as summarized in the issue 2-7 of the WF [2].
As recommend by RAN LS [3], it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. This is because legacy UEs searching for a suitable cell will find also the PSS/SSS of 3 MHz cells, and further new UEs finding a cell at a legacy sync frequency will not know in advance whether the SSB is punctured. This is a waste of time and power consumption as the UEs make unnecessary SSB decoding until it finds a suitable cell during initial system acquisition.
The sync raster option 4, N * 600 kHz + M * 50 kHz, for the even number of N is at the same frequency as the legacy sync raster in the legacy bands (such as band n26 and n28). 
The sync raster option 5, N * 1200 kHz + M * 50 kHz, for M=1, 3, and 5 is also at the same frequency as the legacy sync raster in the legacy bands (such as band n26 and n28).
Therefore, option 4 and 5 are not aligned with the RAN recommendation. On the other hand, sync raster option 1, 2 and 3 for 3 MHz channel bandwidth is different from the legacy sync raster design and is aligned with RAN recommendation.
Observation 1: Sync raster option 4 and 5 for 3 MHz is not aligned with RAN recommendation.
Furthermore, in option 5 the minimum separation of sync clusters (i.e., from sync raster M=11 of N-th cluster to next sync raster M=1 of (N+1)-th cluster) is 1200-(5*11)+50=700 kHz. With PBCH transmission bandwidth of 12 PRBs within the transmission bandwidth of 15 PRBs for 3 MHz channel bandwidth (as in [5]), the minimum separation must be at most (15-12)*180 kHz+100 kHz = 640 kHz in order to cover all the channel raster at 100 kHz.
Therefore, channel raster at 921.3, 921.4, 922.5 and 922.6 MHz do not have a valid sync-raster in sync raster option 5 as further explained below.
For example, for channel raster 921.3 MHz, the closest sync raster in option 5 is 921.65 MHz (legacy GSCN=2303, N=768, M=1) and 920.95 MHz (N=767, M=11); both are 350 kHz away. They are not aligned with 15 kHz subcarrier grid; further PBCH transmission bandwidth including the minimum guardband exceeds the channel edge (i.e., 12/2*180kHz + 350 kHz + 142.5 kHz is greater than 3 MHz/2). The next closest sync raster is 921.75 MHz (legacy GSCN=2304) and 920.85 MHz (N=767, M=7), both are 450 kHz away. These are subcarrier aligned but the PBCH transmission bandwidth exceed the channel edge. 
For channel raster 921.4 kHz, the closest sync raster is 250 kHz away in option 5. This is not aligned with subcarrier grid. The next closest sync raster is 350 kHz, in which PBCH transmission bandwidth including the minimum guardband exceeds the channel edge. For channel raster 922.5 and 922.6 MHz, the same issue as 921.3 and 921.4 MHz applies.
Observation 2: Sync raster option 5 cannot support all the 100 kHz channel raster assuming PBCH transmission bandwidth of 12 PRBs.
In conclusion, valid sync raster to meet the RAN recommendation are options 1, 2 and 3.
Proposal 1: It is proposed to consider the sync raster options 1, 2 and 3 only.

Sync raster for 5 MHz channel bandwidth
Some proposals for 5 MHz channel bandwidth were made in RAN4#106 as summarized in issue 2-5 and 2-7. The proposals are related to possible operation scenario at the lower edge of band n100 with PRB puncturing; thus aligning SSB (20 PRBs) at the lower band edge helps to optimize the migration from the narrow band operation to wide band operation. 
This possible scenario is specific to band n100. At least for other bands in WID [1], i.e., band n106, n26, n28 and n85, we can reuse the current sync raster design for 5 MHz channel bandwidth.
Proposal 2: Reuse current synch raster design for 5MHz for bands except n100.

Such scenario (i.e., SSB aligned with the lower band edge as summarized in Issue 2-8 option 2) to support the smooth migration is helpful for the efficient use of band n100. GSM-R carriers may not be turned off simultaneously; so bandwidth that can be allocated to NR may change over time. Once 20 PRBs can be allocated, 5 MHz NR channel bandwidth can be deployed without blanking any SSB PRB. It can be later widened up to 25 PRBs depending on the bandwidth released from GSM-R.
Proposal 3: It is proposed to add a new sync raster for 5 MHz channel bandwidth at n100 lower band edge to support smooth migration from narrow band to wideband operation.

Conclusion

Observation 1: Sync raster option 4 and 5 is not alinged with RAN recommendation.
Observation 2: Sync raster option 5 cannot support all the 100 kHz channel raster assuming PBCH transmission bandwidth of 12 PRBs.
Proposal 1: It is proposed to consider the sync raster options 1, 2 and 3 only.
Proposal 2: Reuse current synch raster design for 5MHz for bands except n100.
Proposal 3: It is proposed to add a new sync raster for 5 MHz channel bandwidth at n100 lower band edge to support smooth migration from narrow band to wideband operation.
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