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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk140570986][bookmark: _Hlk116910599]In RAN1 #113 meeting, following agreements on NR support for dedicated spectrum less than 5MHz for FR1 were made [1]:
	[bookmark: _Hlk140568390]Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.
Agreement
Confirm following RAN1#112 working assumption
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed

Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6
Agreement
Draft LS R1-2306240 is endorsed in principle.
Agreement
Final LS R1-2306241 is endorsed.



In this contribution, we provide our views on the remaining issues on NR support for dedicated spectrum less than 5MHz. 
2. Use cases
Based on the WID [2], following two cases are considered:
· Case 1: Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Case 2: Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n106, n26, n28 and n85.
Support of Case 2 is the common understanding and many agreements were made for supporting Case 2. However, there are different views on whether/how to support Case 1, especially on whether additional transmission bandwidths between the 3MHz and 5MHz, such as 3.6MHz, 4MHz etc. are supported or not. Based on RAN LS [3], it was informed that for the 5MHz channel bandwidth, PBCH transmission bandwidth is 20 PRBs and CORESET#0 transmission bandwidth is to be decided by RAN1. Therefore, Case 1 should also be supported. For 5MHz channel bandwidth, given the SSB is 20PRBs which can be fully reused as in legacy, the supported transmission bandwidth for CORESET#0 should be 20PRBs and punctured from the 24PRBs to minimize the specification effort.
Proposal 1: Case 1 that reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator) is supported and the allowed transmission bandwidth for CORESET#0 is limited to 20PRBs which is punctured from 24PRBs.
3. Remaining details on CORESET#0 design
In RAN1#113 meeting, a new CORESET#0 configuration table is introduced as “Table 13-0” in TS 38.213 for 3MHz channel BW with 12 PRB CORESET#0 without puncturing and15 PRB CORESET#0 with puncturing of legacy 24-PRB CORESET#0 [4]. For the 5MHz channel BW (co-located case) with 20PRB CORESET#0,  existing configuration table i.e., Table 13-1 in TS38.213 for 15kHz SCS, 5MHz minimum channel BW can be reused.
Proposal 2: Existing configuration Table 13-1 in TS38.213 is re-used for 5MHz channel BW (co-located case) with 20PRB CORESET#0.
For both 3MHz channel bandwidth with 15PRB CORESET#0 transmission bandwidth and 5MHz channel bandwidth with 20PRB CORESET#0 transmission bandwidth, the remaining issues on CORESET#0 design are following: 
· Which PRBs are punctured for the 15-PRB and 20-PRB CORESET#0
· [bookmark: _Hlk140669721]The puncturing level is REG bundle or PRB level puncturing 
About the puncturing pattern for CORESET#0, it is punctured from the legacy CORESET#0 containing 24PRBs. The starting PRB for the legacy CORESET#0 can be derived by kssb and “Offset (RBs)”, i.e., the RB offset between the smallest RB index of the CORESET#0 to the smallest RB index of the CRB overlapping with the first RB of the corresponding SSB. 
[bookmark: _Hlk140678195]For 5MHz channel BW, the legacy SSB should fully be reused without puncturing, the 20-PRB CORESET#0 puncturing pattern can be determined by the RB Offset. For example, based on configuration Table 13-1 in TS 38.213 [4], 
· [bookmark: _Hlk140678565]For the RB Offset value of 0, the 20-PRB CORESET#0 is obtained by puncturing only the upper 4PRBs of legacy 24-PRB CORESET#0.
· For the RB Offset values of 2, the 20-PRB CORESET#0 is obtained by puncturing the upper 2PRBs and lower 2PRB of legacy 24-PRB CORESET#0.
· For the RB Offset values of 4, the 20-PRB CORESET#0 is obtained by puncturing only the lower 4PRB of legacy 24-PRB CORESET#0.
For 3MHz channel BW with 15PRB CORESET#0, the SSB is 12PRBs and the 12PRBs PBCH is obtained by puncturing the upper 4PRBs and lower 4PRBs of legacy 20PRB PBCH, which determines the first PRB of the un-punctured SSB. Then based on the RB Offset, the puncturing pattern for 15PRB CORESET#0 can be determined. For example, for Table 13-0 in TS 38.213 [4],
· If the RB Offset value is 0, the 15-PRB CORESET#0 is obtained by puncturing the upper 8PRBs and lower 1PRB of legacy 24-PRB CORESET#0.
· If the RB Offset values is 2, the 20-PRB CORESET#0 is obtained by puncturing the upper 6PRBs and lower 3PRB of legacy 24-PRB CORESET#0.
· If the RB Offset values is 4, the 20-PRB CORESET#0 is obtained by puncturing the upper 4PRBs and the lower 5PRB of legacy 24-PRB CORESET#0.
Observation 1: For 5MHz channel BW and 3MHz channel BW with 15PRB CORESET#0, legacy definition of kSSB and “Offset (RBs)” can be reused to determine CORESET#0 puncturing patterns.  
Proposal 3: To minimize the specification effort, re-use the legacy RB Offset definition. 
About the puncturing unit, REG bundle vs. PRB level puncturing, currently, REG bundle is the basic unit for channel estimation. For CORESET#0, the REG bundle size is fixed to 6, which means one integral entire CCE is the basic channel estimation unit. For 3MHz channel BW with 15PRB CORESET#0 and 5MHz channel BW with 20PRB CORESET#0, there would be cases that partial CCE(s) are available for transmission. For such case, further discussion is needed on whether one integral or partial CCE should be punctured, and if partial CCE is punctured, how UE should conduct the channel estimation should be clarified. 
Proposal 4: For bandwidth < 5MHz, in case the partial CCE is available, decide whether to puncture one integral CCE or the partial CCE. 
4. Necessary changes to other signals and channels
[bookmark: _Hlk117781730]Common PUCCH for MSG4 HARQ-ACK feedback
In RAN1#112 meeting, following conclusion was made.
	Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.



For 3MHz channel bandwidth, RAN4 will define the 3MHz channel bandwidth and Rel-18 UE will support it, hence common PUCCH with frequency hopping (FH) will not fall outside of the transmission BW. No enhancement is needed, FH for this case can be always enabled as in legacy. 
Proposal 5: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
However, for transmission bandwidths of <5MHz for 5MHz channel bandwidth, based on the past discussions, RAN1 does not have common understanding whether UE can support arbitrary BWP size by Rel-17 from the implementation perspective, although current specification provides full flexibility to support a BWP of any size from configuration/signaling perspective. It may be necessary to consult with RAN4 on whether Rel-18 UEs supporting arbitrary BWP size can be a basic UE capability for the dedicated spectrum less than 5 MHz. If Rel-18 still UE cannot support any BWP size, or UE support any BWP size is optional capability for this WI, then FH should be disabled to avoid the UE transmitting the common PUCCH for MSG4 outside of actual bandwidth. The mechanism introduced for R17 RedCap to disable the FH for common PUCCH can be reused here.  
Proposal 6: For 5MHz channel bandwidth,
· If it is feasible for Rel-18 UE to implement any size of initial UL BWP as basic feature for this WI, no issue is found for common PUCCH for MSG4 HARQ-ACK feedback with Frequency Hopping (FH). 
· Otherwise, to prevent the Rel-18 UE transmits common PUCCH with FH outside the actual bandwidth, FH should be disabled. 

CSI-RS/TRS
It was agreed that for transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed. There are two remaining issues for CSI-RS/TRS.
First issue is for transmission bandwidths of <5MHz for 5MHz channel bandwidth e.g. 3.6MHz, for CSI-RS other than for RRM measurements, depending on outcome of proposal 9, in case the UE can support the arbitrary size of BWP, then no enhancement is needed and the CSI-RS could be fully transmitted within the transmission BW based on legacy principle. In case the UE cannot be configured with any RB number from implementation perspective, then the number of RBs for CSI-RS is 24RBs based on , resulting the CSI-RS RBs out of available bandwidth. For such case, similar approach as introduced in Rel-16 TEI for flexible TRS bandwidth (i.e., TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs) for BWP of 52 RBs [6] can be adopted to support the CSI-RS/TRS for 5MHz channel bandwidth with transmission bandwidths of <5MHz, the related UE feature is proposed in our companion contribution [6]. 
[bookmark: _Hlk134546777]Proposal 7:  Define CSI-RS/TRS bandwidth sizes of 12, 16, 20 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
Second issue is whether/how to support CSI-RS for RRM measurements for both 3MHz and 5MHz channel bandwidth. There are two options.
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 
We are open for either down-select to option 2 or introducing UE capability to support both options.
5. Conclusion
This contribution provides our views on remaining issues on NR support for dedicated spectrum less than 5MHz. The observation and proposals are summarized as following:
Observations
[bookmark: _GoBack]Observation 1: For 5MHz channel BW and 3MHz channel BW with 15PRB CORESET#0, legacy definition of kSSB and “Offset (RBs)” can be reused to determine CORESET#0 puncturing patterns.  
Proposals
Proposal 1: Case 1 that reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator) is supported and the allowed transmission bandwidth for CORESET#0 is limited to 20PRBs which is punctured from 24PRBs.
Proposal 2: Existing configuration Table 13-1 in TS38.213 is re-used for 5MHz channel BW (co-located case) with 20PRB CORESET#0.
Proposal 3: To minimize the specification effort, re-use the legacy RB Offset definition. 
Proposal 4: For bandwidth < 5MHz, in case the partial CCE is available, decide whether to puncture one integral CCE or the partial CCE. 
Proposal 5: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
Proposal 6: For 5MHz channel bandwidth,
· If it is feasible for Rel-18 UE to implement any size of initial UL BWP as basic feature for this WI, no issue is found for common PUCCH for MSG4 HARQ-ACK feedback with Frequency Hopping (FH). 
· Otherwise, to prevent the Rel-18 UE transmits common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
Proposal 7:  Define CSI-RS/TRS bandwidth sizes of 12, 16, 20 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
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