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1. Introduction
In RAN1#114 meeting, following agreements were made:
	CORESET#0
Agreement
For 3MHz channel BW, the 15 PRBs CORESET#0 is obtained by puncturing the 9 upper PRBs of 𝑁RB CORESET = 24 CORESET#0.

Agreement
For CORESET#0 for less than 5MHz transmission bandwidth, the UE assumes the same precoding being used per REG bundle.
Note: This depends on UE implementation whether channel estimation can be performed for partial REG bundle, if any.

Agreement
Revise the previous agreement as below, 
Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, [kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs]
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, at least PRB offset = 0, [2] 2 are supported
· FFS if offset = 1, 3 are supported.
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.

Agreement
For 3MHz channel BW, Table 13-0 is used by the UE for CORESET#0 configuration only when the detected SSB is from a new synch raster point in RAN4. 
FFS: any specification impact.

Conclusion (based on RAN1#113 agreement)
For 2 symbols and 3 symbols for 15 PRBs CORESET#0, both interleaved and non-interleaved CCE to REG mapping are supported.

Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 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

BWP
Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
Note: whether/how to reflect the above is up to Editor.



RAN1 CRs on this WI have been approved in RP-232477 at RAN#101. In this contribution, we discuss the remaining issues on enhancements to operate NR on dedicated spectrum less than 5 MHz.


2. Remaining issues
As stated in the WID, this WI aims to identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz, such as around 3 MHz BW @ n100 in Europe for FRMCS, 3MHz BW @ n8/n26 in the US for smart grid, and 3MHz BW @ n28 in Europe for PPDR. According to the WID, 5MHz CBW is assumed at least for FRMCS and optional 3MHz CBW can be also assumed for all use cases. Therefore, following three cases should be considered in this WI as shown in Fig.1.
· Case 1: 3 MHz CBW, transmission BW is less than or equal to 15PRBs
· Case 2-1: 3 MHz CBW, transmission BW is less than or equal to 12PRBs considering the coexistence with GSM-R
· Case 2-2: 5 MHz CBW, transmission BW is less than or equal to 20 PRBs considering the coexistence with GSM-R
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Figure 1.  Transmission/Channel bandwidths considered in this WI
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2.1. CORESET0/BWP
Following was agreed at the last RAN1 meeting regarding the CORESET#0 configuration for 5 MHz CBW:
	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 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



Also, following was agreed at the last RAN1 meeting regarding the initial DL BWP for 3 MHz CBW:
	Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
Note: whether/how to reflect the above is up to Editor.



Based on the above agreements, it would be straightforward that the initial DL BWP has 20 PRBs for 20 PRBs CORESET#0 transmission BW for 5MHz CBW, and actually this has been covered by Clause 12 in TS 28.213 V18.0.0 as follows:
	If a UE is not provided initialDownlinkBWP, an initial DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a CORESET for Type0-PDCCH CSS set, after puncturing if any [4, TS 38.211], and a SCS and a cyclic prefix for PDCCH reception in the CORESET for Type0-PDCCH CSS set; otherwise, the initial DL BWP is provided by initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by initialUplinkBWP.



Observation 1:
· TS 28.213 V18.0.0 covers the case that the initial DL BWP has 20 PRBs for 20 PRBs CORESET#0 transmission BW for 5MHz CBW

Accordingly, it would be also straightforward that initial UL BWP of 12/15/20 PRBs is supported if the UE supports initial DL BWP of 12/15/20 PRBs, respectively. This can be clarified in the UE feature list, and we provide our view in our companion contribution [1]. This assumption is applied in the following sections.


2.2. CSI-RS/TRS
As specified in Clause 5.1.6.1.1 in TS 38.214, the number of PRBs for TRS is the minimum of 52 and , and hence, TRS can be transmitted/received within the available BW if DL BWP is configured to be equal to or less than the maximum transmission BW. 
As summarized in Fig.1, following three cases are considered in this WI:
· Case 1: 3 MHz CBW, transmission BW is less than or equal to 15PRBs
· Case 2-1: 3 MHz CBW, transmission BW is less than or equal to 12PRBs considering the coexistence with GSM-R
· Case 2-2: 5 MHz CBW, transmission BW is less than or equal to 20 PRBs considering the coexistence with GSM-R

Since the UE accessing the CBW supports the CORESET0 and initial DL BWP of 12/15/20 PRBs, respectively, TRS can be transmitted/received within the available BW, and hence, no enhancements are necessary for TRS.

Proposal 1:
· For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for TRS

At RAN1#112, following conclusion was made and it is still FFS whether/how to support CSI-RS for RRM measurement for this case.
	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 the current spec., minimum 24 PRBs are necessary for CSI-RS for RRM measurement and following options were discussed in the previous RAN1 meetings.
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements

We think Opt.2 is enough considering that it is maintenance phase.

Proposal 2:
· For transmission bandwidths of < 24PRBs for 3 and 5 MHz CBW, no enhancements are needed for CSI-RS for RRM measurements, i.e., rely on SSBs for RRM measurements


2.3. PUCCH
It was discussed in the previous RAN1 meeting whether any enhancements are necessary for PUCCH and 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.



Therefore, remaining issue is whether PUCCH FH disabling is necessary or not.
Since FH is always enabled for common PUCCH configuration (other than RedCap UEs), if UEs operating on these bands support the initial UL BWP size of nominal CBW only, one hop of PUCCH may overlap with the BW for GSM-R as shown in Fig.3. However, related to the discussion in Section 2.2, since the UE accessing the CBW supports the CORESET0 and initial DL/UL BWP of 12/15/20 PRBs, respectively, PUCCH can be transmitted/received within the available BW, and hence, no enhancements are necessary for PUCCH.
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Figure 3.  Common PUCCH FH overlaps with BW for GSM-R

Proposal 3:
· For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for PUCCH


3. Conclusion
In this contribution, we discussed the remaining issues on enhancements to operate NR on dedicated spectrum less than 5 MHz. Based on the discussion, we made following observations and proposals.

Observation 1:
· TS 28.213 V18.0.0 covers the case that the initial DL BWP has 20 PRBs for 20 PRBs CORESET#0 transmission BW for 5MHz CBW

Proposal 1:
· For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for TRS

Proposal 2:
· For transmission bandwidths of < 24PRBs for 3 and 5 MHz CBW, no enhancements are needed for CSI-RS for RRM measurements, i.e., rely on SSBs for RRM measurements

Proposal 3:
· For transmission bandwidths of < 24PRBs for 3 and 5MHz channel bandwidths, no enhancements are needed for PUCCH
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