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[bookmark: _Ref4817] Introduction
[bookmark: OLE_LINK2]In the RAN1#114 meeting, the basic functionalities for WID has been accomplished [1]. In this contribution, we continue to discuss remaining issues for enhancements to support dedicated spectrum less than 5MHz in FR1. More specifically, such as the transmission BWP of 3MHz channel bandwidth, enhancements about CSI-RS, frequency hopping issue about PUCCH are analyzed in the following sections. 
 Transmission BWP of 3MHz channel bandwidth
[bookmark: OLE_LINK19]In RAN1#114, there was a note regarding the BWP in the agreement of CORESET#0 for 5MHz channel bandwidth [1]. 
	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the  CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
· Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0


For 3MHz channel bandwidth, the max channel utilization is 15 PRBs as agreed in RAN1/RAN4. Naturally, 15 PRBs BWP should be supported by UE.
Considering the coexistence of FRMCS and GSM-R, the available bandwidth is 12 PRBs for a 3MHz channel bandwidth and 20 PRBs for 5MHz channel bandwidth. Therefore, 12 PRBs BWP should be also supported by UE to ensure subsequent transmissions are within the available bandwidth, which is unified with the case of 20 PRBs BWP of 5MHz channel bandwidth. 
[bookmark: OLE_LINK4]Proposal 1: UE can be configured with 12 or 15 PRBs BWP for UE capable of 12 and 15 PRBs CORESET#0 for 3MHz channel bandwidth.
 CSI-RS
 CSI-RS for RRM
In RAN1#112, we reached a conclusion about the CSI-RS issue for 3MHz channel bandwidth. One remaining issue is CSI-RS for RRM [2].
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM 


In current NR, the bandwidth of CSI-RS for RRM measurements is configurable among {24, 48, 96, 192, 264} PRBs. Obviously, the existing CSI-RS will exceed the system bandwidth of the dedicated spectrum less than 5MHz, which will affect the performance of mobility measurement.  
And there are two options of CSI-RS for RRM were discussed in before meetings but no consensus reached. 
Opt1: configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20.
Opt2: use SSB for RRM.
Since there is a fixed period for sending and receiving the SSB, time flexibility of performing RRM by using SSB is limited. In addition, there is a loss in SSB-based RRM receiving performance due to the reduction of available PRBs in dedicated spectrum less than 5MHz. 
[bookmark: OLE_LINK8]In RAN1, the number of the resource blocks of CSI-RS for RRM is given by the higher-layer parameters nrofPRBs in the CSI-RS-CellMobility IE, supporting of lower bandwidth for CSI-RS for RRM has no spec impact in RAN1, and only new values of parameter nrofPRBs should be introduced in RAN2. With analysis above, we slightly prefer Opt1.
Proposal 2: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size20.
 CSI-RS other than for RRM
Since there is a conclusion for 3MHz channel bandwidth that no enhancements are needed for CSI-RS other than for RRM, the remaining issue is whether to introduce enhancements for 5MHz channel bandwidth. 
Since the number of PRBs for CSI-RS fulfils , or the minimum of 52 and  resource blocks, or is equal to  resource blocks in legacy NR. From which we can conclude that the minimum bandwidth of CSI-RS for other than RRM depends on the size of BWP. So that in previous meeting discussions, the most concern about this issue was whether the UE supports BWPs smaller than the channel bandwidth. And in RAN1#114, we agreed that UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0 [1].
	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
· Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0.


Therefore, the size of CSI-RS other than for RRM can be well defined within the available bandwidth of 5MHz channel bandwidth by configuring a 20 PRBs BWP. With above we can conclude that there is no enhancement for CSI-RS other than for RRM for dedicated spectrum less than 5MHz.
Proposal 3: For supporting dedicated spectrum less than 5MHz in FR1, no enhancements are needed for CSI-RS other than for RRM.
 PUCCH
In RAN1#112, the potential enhancement on PUCCH was discussed and the remaining issue is the necessity for PUCCH FH disabling. 
For dedicated PUCCH configuration, the parameters interslotFrequencyHopping and intraSlotFrequencyHopping for enabling PUCCH FH is optional. This means that the gNB has the flexibility to enable or disable the PUCCH FH function for example considering the potential performance gain. Therefore, there is no need for any optimization. 
As for common PUCCH configuration, the FH is by default enabled. Similar with the issue about CSI-RS for other than RRM, the most concern is whether the UE supports BWPs smaller than the channel bandwidth. If the UE supports BWPs smaller than the channel bandwidth, the PUCCH FH can be within the BWP and no enhancement is needed. As agreed in RAN1#114, UE can be configured with 20PRBs BWP for 5MHz channel bandwidth, then the PUCCH frequency hops can be always within the available bandwidth. Additionally, as analysis in section 2, we think 12 PRBs BWP of 3MHz channel bandwidth should be also supported and with that the PUCCH FH can be within the BWP as well.   
Therefore, we prefer to follow exiting behavior. 
Proposal 4: No need any optimization for gNB to disable the PUCCH FH function. 
 Conclusion
Transmission BWP of 3MHz channel bandwidth
[bookmark: _GoBack]Proposal 1: UE can be configured with 12 or 15 PRBs BWP for UE capable of 12 and 15 PRBs CORESET#0 for 3MHz channel bandwidth.
CSI-RS
Proposal 2: For NR with dedicated spectrum less than 5MHz, RAN1 supports to configure a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size20.
Proposal 3: For supporting dedicated spectrum less than 5MHz in FR1, no enhancements are needed for CSI-RS other than for RRM.
PUCCH
Proposal 4: No need any optimization for gNB to disable the PUCCH FH function. 
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