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1. Introduction
This document summarizes contributions submitted to AI 9.16.12 regarding UE features for dedicated spectrum less than 5MHz.
According to the updated UE features list agreed in RAN1#113 [1], there are following feature groups for dedicated spectrum less than 5MHz.
· [bookmark: _Hlk85011108]FGs for NR support for dedicated spectrum less than 5MHz for FR1
· 51-x	Support for 3 MHz channel bandwidth
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2. FGs for NR support for dedicated spectrum less than 5MHz for FR1
In [1], FGs for NR support for dedicated spectrum less than 5MHz for FR1 are captured as below.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




Following inputs are provided in contributions for the RAN1#114 meeting.
	[2]
	FUTUREWEI
	As this is a RAN4-led work item, the features that RAN1 develop may include inputs from RAN4, including sync raster. 
Based on the WID, there are two variants of UEs: one supporting a 3 MHz channel bandwidth with transmission bandwidths of 12 and 15 RBs and another supporting 5 MHz channel bandwidth with a transmission bandwidth of 20 RBs. The 12 RB transmission BW device targets band n100. RAN1 is to decide the transmission bandwidth for other bands that have a 3 MHz channel bandwidth. There are some commonalities between the variants: they both operate with 15 kHz SCS and operate on a CORESET#0 bandwidth less than 24 RBs. The 3 MHz UE variant supports other features such as detecting SSBs with fewer than 20 RBs, operation on a possibly different / band-specific sync raster.
Based on the agreements from RAN1#113, the 3 MHz variant can have these following components
1. Operation in FR1 with 15 kHz SCS (already captured in the note)
2. 12 PRB punctured SSB
3. Support of 12 PRB transmission BW in a 3 MHz channel
· Support of 12 PRB CORESET spanning 2 or 3 symbols and CCE interleaving
4. Support of 15 PRB transmission BW in a 3 MHz channel
· Support of 15 PRB CORESET obtained by puncturing a 24 PRB CORESET spanning 2 or 3 symbols and support of CCE interleaving and no interleaving
5. [Enabling/disabling of frequency hopping for common PUCCH resources during initial access]
6. [Support of a modified FG 6-1]
7. [CSI-RS configuration]
8. Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
The component regarding FG 6-1 was included because it may be unclear how mandatory FG 6-1 is supported when the size of the SSB is smaller than what FG 6-1 expects. Our contribution [2] provides more details.
Proposal 1. Discuss the applicability of FG 6-1 to the less than 5 MHz dedicated spectrum feature.
Using the 3 MHz agreements as a baseline, a possible 20 PRB transmission device can have the following components (pending RAN1#114 agreements)
1. Operation in FR1 with 15 kHz SCS (already captured in the note)
2. Support of 20 PRB transmission BW in a 5 MHz channel
· [Support of 20 PRB CORESET obtained by puncturing a 24 PRB CORESET spanning 2 or 3 symbols and support of CCE interleaving and no interleaving]
3. [Enabling/disabling of frequency hopping for common PUCCH resources during initial access]
4. [Support of a modified FG 6-1]
5. [CSI-RS configuration]
6. Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
During discussions in RAN1#113, some companies wanted further clarification if a device support 3 MHz, should it support a 20 PRB transmission BW. Such a device can operate on several transmission BWs and allows an operator to transition transmission BWs, if necessary (e.g., n100). As a result, it may be better to have one FG that captures all transmission BWs in this work item.
Proposal 2. Introduce the following components for FG 51-1 
· Support of 12 PRB transmission BW in a 3 MHz channel
· Support receiving a 12 PRB punctured SSB
· Support of 12 PRB CORESET spanning 2 or 3 symbols and CCE interleaving
· Support of 15 PRB transmission BW in a 3 MHz channel
· Support receiving a 12 PRB punctured SSB
· Support of 15 PRB CORESET obtained by puncturing a 24 PRB CORESET spanning 2 or 3 symbols and support of CCE interleaving and no interleaving
· Support of 20 PRB transmission BW in a 5 MHz channel
· Support receiving a 20 PRB SSB
· [Support of 20 PRB CORESET obtained by puncturing a 24 PRB CORESET spanning 2 or 3 symbols and support of CCE interleaving and no interleaving]
· [Enabling/disabling of frequency hopping for common PUCCH resources during initial access]
· [Support of a modified FG 6-1]
· [CSI-RS configuration]
· Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS

	[3]
	Huawei, HiSilicon
	Considering migration from the existing non-5G system to NR system, the dedicated NW operated in band at least n100 can go through two phases. In phase I, the channel bandwidth is 3MHz, whose transmission bandwidth of PBCH is 12 PRBs. In phase II, the channel bandwidth is 5MHz, whose transmission bandwidth of PBCH is 20 PRBs. In both phases, the design of some cell-specific signalling/channel are different, e.g. different bandwidth of CORESET#0. As a result, in phase II, the network cannot broadcast the cell-specific signalling/channels that are dedicated to phase I. If the UEs that have been served in phase I network don’t support the cell-specific signalling/channel of phase II, then the UEs become out of service in a phase II network and make the network upgrade from phase I to phase II infeasible. Therefore, all UEs supporting the operation of phase I should support the operation of phase II. 
Proposal 1: For a UE supporting 3MHz channel BW, it is mandatory to support 5MHz channel BW.
The transmission of PBCH and CORESET#0 for 3MHz channel BW are different from the legacy, therefore, they should be clearly reflected in the basic UE capability for 3MHz channel BW. For transmission bandwidth, the following agreements were made in last RAN1 meeting [3].
	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



Proposal 2: For FG 51-x, add the following for 3MHz channel bandwidth in all bands, 
· 12-PRB PBCH based on RB-level puncturing is supported.
· Both 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0 are supported.

According to the following agreements in RAN4#107 meeting [4], there are some new synchronization rasters defined for 3MHz channel bandwidth.
	Issue 1-1: The value of A in N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· Proposals
· Option 1: 300
· Option 2: 345
· Agreement
· Agree on 300.
Issue 1-3: Finer synchronization raster design for 3 MHz channel bandwidth
· Proposals
· Option 1: Use N * 600 kHz + M * 50 kHz + A kHz, N ϵ {1:4998}, M ϵ {1,3,5} for 12 PRBs PBCH transmission bandwidth, use N * 100 kHz + B kHz, N ϵ {9206:1:9232} for 15 PRBs PBCH transmission bandwidth
· Option 2: Use N * 600 kHz + M * 50 kHz + A kHz
· Agreement
· Do not consider Option 1
Issue 1-4: Additional synchronization raster for 12 PRBs PBCH transmission bandwidth in band n100
· Proposals
· Option 1: 920.6225 MHz
· Option 2: 920.73 MHz
· Agreement
· Agree on Option 2.


Allowing legacy UEs to access dedicated NWs is detrimental to both dedicated NWs and legacy UEs.  For the dedicated NW, it may will result in wasting PRACH resources. For legacy UE, dedicated NW does not seem to meet some requirements such as coverage, so accessing the dedicated NW is useless for legacy UE but increases power consumption. There is a way to differentiate legacy NW and dedicated NW by the new synchronization rasters and legacy synchronization rasters. Therefore, it would be better that these new special synchronization rasters are captured for 3MHz channel bandwidth.
Proposal 3: For FG 51-x, add the following
· Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
· Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100.
This work item is all about defining a dedicated network, so the ‘type’ definition from UE features can be based on the granularity of Per band.
[bookmark: _Hlk142582419]Proposal 4: For FG 51-x, the capability granularity is per band.
Proposal 5: Adopt the following changes in red to FG 51-x for dedicated spectrum less than 5MHz.
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
for all bands
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0.
4) Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
                                    Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




	[4]
	Nokia, Nokia Shanghai Bell
	RAN1#113 had still a few remaining open items on the single FG agreed so far to be introduced for the WI:
	Index
	Feature group
	Components
	Type

	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	[Per Band]



RAN1#113 made the following agreement helps address some of the open items in the FG:
	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




We foresee the update needs for FG 51-x based on the RAN1#113 agreement as:
1. The support for 12 RB PBCH is for all bands, and there is no need to mention “based on RB level puncturing” in component 1) 
2. 15 PRBs is no longer FFS, that statement can be deleted and a statement for 15 RB CORESET and BWP should be introduced
· 12 RB CORESET and BWP should only be applicable to band n100 as that’s the only band where there’d be a need for 12 RB CORESET/BWP.
3. The FG should be per band, remove the square brackets on the type
4. Pre-requisites for n100 should in our view be support for 5 MHz channel BW and support for 20 RB CORESET and BWP to enable migration path from narrow to wider deployments.

Proposal 1: Update the FG 51-x as follows:
	Index
	Feature group
	Components
	Pre-requisites
	Type

	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Reception of 15 RB CORESET0 and 15 RB BWP
3) Reception of 12 RB CORESET0 and 12 RB BWP when this FG is indicated for band n100
24) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	For band n100:
· 51-y (20 RB CORESET0 and BWP)
· 5 MHz channel BW
	[Per Band]



In addition, there seems to be a need for a UE capability for the reduced / 20 PRB transmission bandwidth operation in band n100. As discussed in our Tdoc to AI 9.134 [2], even though not yet agreed prior to RAN1#114, we think the only related specific component there would be the related CORESET#0 and BWP size operation. 
Proposal 2: Add a new component FG 51-y as follows:
	Index
	Feature group
	Components
	Pre-requisites
	Type
	Note

	51-y
	Support for reduced  transmission bandwidth with 5 MHz channel bandwidth
	1) reception of 20 RB CORESET0 and 20 PRB BWP
	For band n100: 5 MHz channel BW

	Per band


	For band n100 only in Rel-18




	[5]
	Spreadtrum
	The agreed components in the last RAN1 meeting are list as follows.
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS


For PBCH, it was agreed that the PBCH transmission bandwidth is 12 PRBs for all the band, and the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured. Therefore, the FFS part can be removed, and the component 1 should be updated accordingly. 
Proposal 1: For FG for 3MHz channel bandwidth, the following updated component can be considered.
· 1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured
FFS 15 PRBs

For CORESET#0, RAN1 agreed to introduce a new table. The CORESET#0 transmission bandwidth inlcudes both 12 PRBs and 15 PRBs. For the 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. For the case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured, and both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported. The new table includes up to 16 entries to accommodate both cases. In addition, the maximum number of CORESET#0 symbols is 3, and the minimum number of CORESET#0 symbols is 2.
Proposal 2: For FG for 3MHz channel bandwidth, the following component should be added.
· 3) Support for CORESET0 of 12 and 15 PRBs. Tthe maximum number of CORESET#0 symbols is 3, and the minimum number of CORESET#0 symbols is 2
· For 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.
· For 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured, and both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,

For PUCCH FH disabling, considering there will be no significant gain of frequency hopping in BW less than 5MHz, PUCCH frequency hopping for msg4 feedback can be disabled for sake of simplicity. It worth noticing that disabling of PUCCH frequency hopping is already introduced by Rel.17 RedCap, similar method can be considered. Therefore, we suggest to add a component for PUCCH FH.
Proposal 3: For FG for 3MHz channel bandwidth, the following component can be added.
· 4) Enabling/disabling of frequency hopping for common PUCCH resources during initial access
Based on RP-230781, it is assumed that UE support of the <5MHz feature is band-specific and optional. Therefore, per band is more suitable.
Proposal 4: For FG for 3MHz channel bandwidth, the type is “Per band”.
Regarding whether a FG for 5MHz channel bandwidth is needed, we understand that this is depend on the progress of CORESE#0 table design for 5MHz channel bandwidth, PUCCH FH disabling for 5MHz channel bandwidth and other possible enhancements/modifications. In general, we are open to introduce a FG for 5MHz channel bandwidth, if necessary.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/
Optional

	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Support for CORESET0 of 12 and 15 PRBs, and the maximum number of CORESET#0 symbols is 3, and the minimum number of CORESET#0 symbols is 2
· For 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, and both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
4) Enabling/disabling of frequency hopping for common PUCCH resources during initial access
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




	[6]
	vivo
	Based on the WID [1], 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, while there are different views on whether/how to support Case 1, especially on whether additional transmission bandwidth between the 3MHz and 5MHz, such as 3.6MHz, 4MHz etc. Therefore, for developing UE features for Case 1, it is suggested to wait until more progress made in RAN1. In the following, we will discuss the required UE feature for Case 2. 
Proposal 1: UE features on Case 1 for 5MHz channel bandwidth for FRMCS use case can be made after more progress made in RAN1.
[bookmark: _Hlk140568495]FG 53-x support for 3 MHz channel bandwidth:
· Components:
1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100; FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
In RAN1#113 meeting, following agreements were made [2]:  
	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
· [bookmark: _Hlk140570688]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
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
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.



Based on above agreements, corresponding update for component 1 can be made.
Proposal 2: Update the component 1 for FG 53-x support for 3 MHz channel bandwidth as following 
1) [bookmark: _Hlk143122806]Reception of 12 RB PBCH based on [RB-level puncturing] of the upper 4PRBs and lower 4PRBs of 20PRB PBCH [at least] band n100 for 3MHz channel bandwidth in all bands; FFS 15 PRBs

In addition, following component related to the reception of CORESET#0 based on above agreements can be added.
Proposal 3: Add following as component 3 for CORESET#0
· 3)  Reception of 12 RB and 15 RB CORESET#0.
· For 12 RB CORESET#0, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used and 12PRBs are indicated without puncturing. 
· For 15 RB CORESET#0, the reception is based on RB-level puncturing of 24RB CORESET#0. Support of both interleaved using legacy interleaved (R=2) and non-interleaved CCE-to-REG mapping 

· Type: Per band
Based on [3] in RANP#99 meeting, it is assumed that UE support of the <5MHz feature is band-specific and optional. Thefrefore, the Type should be Per band. 
· Note: following can be added in the Note Column based on the WID and [3]. 
· [bookmark: _Hlk140569534]This FG is supported for 15 kHz SCS and normal cyclic prefix only 
· This FG is only appliecable to single-carrier operation and is not applicable to RedCap UEs 
Proposal 4: For FG53-x support for 3 MHz channel bandwidth, 
· Type should be Per Band
· Capture following in the Note
·  This FG is supported for 15 kHz SCS and normal cyclic prefix only 
· This FG is only appliecable to single-carrier operation and is not applicable to RedCap UEs 

There are also some discussions on enhancement for CSI-RS/TRS, and following conclusion was made in RAN1#112 meeting [4]:
	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



For transmission bandwidths of <5MHz for 5MHz channel bandwidth e.g. 3.6MHz, for CSI-RS other than for RRM measurements, 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. Similar as Rel-16 TEI of flexible TRS bandwidth for BWP of 52 RBs, following FG can be considered: 

Proposal 5: Following FG51-y can be considered for CSI-RS/TRS for dedicated spectrum less than 5MHz.
· FG51-y: additional bandwidth of CSI-RS/TRS 
· Componnets: CSI-RS/TRS bandiwdths is 12, [16], [20] PRBs
· Value of [16] and [20] depends on whether/how Case 1 Reuse 5 MHz channel bandwidth at least for FRMCS use case is supported.
· Prerequisite feature group: FG51-1
· Type: Per band
· Mandatory/Optional: Optional with capability signalling
· Need of FDD/TDD differentiation: FDD only
· Need of FR1/FR2 differentiation: FR1 only

	[7]
	ZTE
	For dedicated spectrum less than 5MHz, it requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., PBCH reception and configuration of CORESET0, etc. Therefore, for a Rel-18 UE supporting to camp on dedicated spectrum less than 5MHz, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. 
· Basic UE FG for 3MHz channel bandwidth
In RAN1#113, the following agreements were made for PBCH transmission and CORESET#0 configuration for 3MHz channel bandwidth [2]. 
	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 RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the RB 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



Based on above agreements, FG 51-x can be updated correspondingly. Given it may require different modifications for different operating bands with different available PRBs, the reporting type for this basic UE FG could be per band basis. In addition, as discussed in our companion contribution [3], to address the migration issue for n100, for a UE supporting 3MHz channel bandwidth, it should also support legacy 5MHz channel bandwidth with legacy sync-raster and legacy table.
With above, we propose the following updates for FG 51-x.
Proposal 1: Adopt the following updates for FG 51-x. 
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12-PRB PBCH based on RB-level puncturing [at least] for band n100
FFS 15 PRBs
2) Reception of CORESET#0 with bandwidth of both 12 PRBs without puncturing and 15 PRBs with puncturing from  CORESET#0 with 24 PRBs.  
3) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

For band n100 capable UE, for a UE supporting 3MHz channel bandwidth, it also supports legacy 5MHz channel bandwidth with legacy sync-raster and legacy table. 
	Optional with capability signalling



· Basic UE FG for 5MHz channel bandwidth
Similar to 3MHz channel bandwidth, a basic UE FG should be introduced for 5MHz channel bandwidth. Based on our views in our companion contribution [3], the following is proposed, where the main difference compared to 3MHz channel bandwidth is also highlighted by red.
Proposal 2: Introduce the following FG for 5MHz channel bandwidth. 
	51. NR_FR1_lessthan_5MHz_BW
	51-y
	Support for 5 MHz channel bandwidth
	1) Reception of 20-PRB PBCH 
2) Reception of 20-PRB CORESET#0 with puncturing from  CORESET#0 with 24 PRBs.  . 
3) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 5 MHz channel bandwidth
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

For band n100 capable UE, when 20 PRBs CORESET#0 using the same table as what is defined for 3MHz is supported by the UE, legacy 24 PRBs CORESET#0 using legacy sync-raster and legacy table shall be supported
	Optional with capability signalling



· CSI-RS for RRM
In legacy, CSI-RS for RRM is defined (in FG 1-4 and FG 1-5, etc.) as optional UE FG. According to our companion contribution [3], a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20, should be introduced for NR with dedicated spectrum less than 5MHz. Therefore, a separate optional UE FG should be defined for Rel-18 enhancements to CSI-RS for RRM. 
Proposal 3: For Rel-18 UE supporting dedicated spectrum less than 5MHz, introduce the following optional UE FGs for the enhancements to CSI-RS for RRM.
	xx.
NR_FR1_lessthan_5MHz_BW
	xx-x-1
	CSI-RS based RRM measurement for 3MHz channel BW
	RRM measurement is based on CSI-RS with 12 PRBs.
	51-x 
FG 1-4, FG 1-5
	Yes
	N/A
	UE is not required to support CSI-RS based RRM measurement in dedicated spectrum less than 5MHz when it is provided with CSI-RS with lower bandwidth by higher layers 
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

	Optional with capability signalling



	xx.
NR_FR1_lessthan_5MHz_BW
	xx-y-1
	CSI-RS based RRM measurement for 5MHz channel BW
	RRM measurement is based on CSI-RS with lower bandwidth, including, 12 PRBs, 16 PRBS, 20 PRBs.
	51-y FG 1-4, FG 1-5
	Yes
	N/A
	UE is not required to support CSI-RS based RRM measurement in dedicated spectrum less than 5MHz when it is provided with CSI-RS with lower bandwidth by higher layers 
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

	Optional with capability signalling



· CSI-RS other than CSI-RS for RRM
During RAN1#112 meeting, it has been discussed about whether a new UE capability should be defined for indicating of the support of an arbitrary size of CSI-RS/TRS. And the following proposal was made. 
	[bookmark: OLE_LINK45]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements, select between,
· Opt.1: no enhancements are needed
· Note: This may require UEs operating on the bands support arbitrary size of BWP between 3MHz to 5MHz.
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.


In current NR, for CSI-RS for L1-RSRP/SINR and CSI acquisition, the number of PRBs for CSI-RS fulfils . For TRS, the number of PRBs for CSI-RS is the min(52, ), or is equal to . It represents that the size of TRS or CSI-RS other than that for RRM can be defined minimum as  in dedicated spectrum less than 5MHz. Then, the issue is converted to whether a UE can support arbitrary size of BWP between 3MHz to 5MHz. 
[bookmark: OLE_LINK2]According to the following RAN#4 LS during Rel-15 [4], a UE can be configured a BWP with PRBs less than UE CC Bandwidth. Therefore, the size of CSI-RS/TRS in dedicated spectrum less than 5MHz can be well defined by configuring a BWP within the corresponding available bandwidth. And there is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
	RAN4 made the following agreement in R4-1801006 on BWP configuration and requirement applicability.
•	UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
•	UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured
•	RAN4 will only apply the requirements according to set of UE CBW.


With above, we have the following observation. 
[bookmark: OLE_LINK3]Observation 1: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz. 

· PUCCH
In RAN1#111, the following conclusion was reached for PUCCH. Regarding the FFS, we don’t see any necessity for support of PUCCH FH disabling as discussed in [3]. Therefore, no any enhancements to PUCCH is needed. 
	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.


Observation 2: There is no need to introduce a new UE capability for PUCCH. 

	[8]
	Apple
	In RAN1 113 meeting, the following UE features were agreed with a couple of highlighed FFS aspects [1]: 
Agreement
· Introduce following FG
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling



In RAN1 113 meeting, the following was agreed for PBCH puncturing for 3MHz channel BW case: 
	
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

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



Based the agreements above, it is clear that the bracket on ‘[RB-level puncturing] [at least] for band n100’ for FG 51-x should be removed first. The 12-RBs structure is applied for all bands with 3MHz chanel BW. Therefore, the text ‘[atleast] for band n100’ should be removed. 
In addtion, the following was agreed for CORESET #0 configuration for 3MHz use case: 
	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



To capture this into UE feature, a new compoenent can be added as follows: 
· Reception of 12-RBs or 15-RBs CORESET #0. 
On the feature type, ‘per-band’ provides good flexibility for UE implementation and a feasible tradeoff between signaling overhead and UE complexity. Therefore, we support ‘per-band’ report. 

Proposal : 
· Revise ‘[RB-level puncturing] [at least] for band n100’ as ‘[RB-level puncturing] [at least] for band n100’
· Add a new component for CORESET#0 reception: Reception of 12-RBs or 15-RBs CORESET #0.
· Define the feature type as ‘per band’

	[9]
	DOCOMO
	As shown in Section 1, the agreements made in RAN1#113 are limited to the case for 3MHz CBW, and hence, what we can do in RAN1#114 is updating FG 51-x only. If some progress is made for 5MHz CBW case in AI 9.13.1, corresponding FGs can be introduced/updated in future meetings.

According to the agreements in RAN1#113, component 1 in FG 51-x can be updated as:

1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs

Also, one additional component on CORESET#0 can be added as follows:

3) Support configuration of 12 and 15 PRB CORESET#0

Regarding the reporting type, it could not be agreed as “per band” since some companies thought “per FSPC” can be considered for forward compatibility if CA is supported in future. We don’t think such forward compatibility is necessary in Rel-18 since CA is not considered in Rel-18 and it is unclear whether CA is supported in future releases. Such flexibility just increases unnecessary UE capability report. Therefore, “per band” is sufficient in Rel-18.

Therefore, following proposal is made:

Proposal 1:
· FG 51-x is updated as follows
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Support configuration of 12 and 15 PRB CORESET#0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




	[10]
	Samsung
	In RAN1#113 [1], the agreements regarding the SS/PBCH block truncation in the appendix were made, wherein SS/PBCH block with a truncated bandwidth of 15 RBs is not supported, and the truncation is clarified to be RB based. Based on these, the description for SS/PBCH block truncation in the new FG shall be updated.  
Meanwhile, RAN1#113 [1] also agreed to support a new CORESET#0 configuration table for 3 MHz channel bandwidth, and CORESET#0 bandwidth can be either 12 RBs without truncation, or 15 RBs with truncation. The supporting of such features shall be combined with existing description for the new FG. 

Lastly, since this feature is closely related to initial access, it shall be clarified that this FG should be associated a note “A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported.”, as for similar FGs.

Based on above discussion, we propose the following changes to the new FG. 

Proposal: Update the new FG for supporting 3 MHz channel bandwidth (changes in red):
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] for 3 MHz channel bandwidth in all applicable bands [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) CORESET#0 with 12 RB and 15 RB CORESET#0 bandwidth, wherein the 15 RB CORESET#0 bandwidth is based on RB-level puncturing from 24 RB CORESET#0 bandwidth
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling
A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported.




	[11]
	Ericsson
	Our views on the aspects that were left as “FFS” are as follows:
[bookmark: _Toc142334109][bookmark: _Toc139626339]For FG 51-x (Support for 3 MHz channel bandwidth), based on the agreements reached in RAN1# 113, the placeholders/comebacks captured in the endorsed UE feature list can be updated as follows:
· [bookmark: _Toc142334110]Due to the fact that for a 3MHz CBW, only a 12-PRB SSB punctured structure will be supported, then following update can be performed:
1) Reception of 12 RB PBCH based on RB-level puncturing for bands n100, n106, n26, n28 and n85. 

[bookmark: _Toc142334111]On the FFS touching upon the definition of the “Type,” in our understanding Tables 13-0 and 13-1 in TS 38.213 refer to “frequency bands with minimum channel” as described in Table 5.3.5-1 of TS 38.101-1 (i.e., CBWs specified for a band). Having said that, it would be redundant and confusing defining the “Type” as “Per Band”, therefore the “Type” can be defined “Per UE”.
Our proposals on the aspects under FFS are as follows:
[bookmark: _Toc142334126]For FG 51-x (Support for 3 MHz channel bandwidth), the “Type” is defined to be “Per UE”.
[bookmark: _Toc142334127]For FG 51-x (Support for 3 MHz channel bandwidth), based on the agreements reached in RAN1# 113, the placeholders/comebacks captured in the endorsed UE feature list can be updated as follows:
[bookmark: _Toc140835996][bookmark: _Toc142334128]1) Reception of 12 RB PBCH based on RB-level puncturing for bands n100, n106, n26, n28 and n85. 
One important aspect to highlight is that there are two use-cases that will be supported under the 3 MHz umbrella: 1) Tx/Rx spanning up to 12-PRBs (a.k.a. sub-3 MHz), and 2) Tx/Rx spanning up to 15-PRBs. On this matter, the “sub-3 MHz use-case” will be supported at one specific sync-raster point defined in n100 (i.e., 920.73 MHz), whereas Tx/RX spanning up to 15-PRBs will be supported at the sync-raster points derived from the new sync-raster formula in all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85). 
[bookmark: _Toc142334112]The “sub-3 MHz use-case, where Tx/RX span up to 12-PRBs” and the use-case where Tx/RX span up to 15-PRBs are different from a sync-raster standpoint (i.e., “hardcoded” location vs location derived from a new sync-raster formula). Moreover, the “sub-3 MHz use-case” was requested for a railway-scenario and is in principle not relevant for other scenarios such as utilities. Thus, the “sub-3 MHz use-case” and the use-case where Tx/RX span up to 15-PRBs can be split into two different Feature Groups (FGs). 
[bookmark: _Toc142334113]In relation with the previous observation, it is important to mention that the “sub-3 MHz use-case” does not have its own RF framework, thus the “sub-3 MHz use-case” FG would need to have as a pre-requisite FG 51-x associated to the regular use-case where Tx/Rx span the entire available bandwidth (i.e., when Tx/Rx span up to 15-PRBs).
In line with the previous observations, first we have the following proposal for FG 51-x:

[bookmark: _Toc142334129]For FG 51-x (Support for 3 MHz channel bandwidth), based on the agreements reached in RAN1# 113 and RAN4# 107, the following component can be added:
· [bookmark: _Toc142334114]When UL/DL transmissions span up to 15-PRBs at the sync-raster points derived from the new sync-raster formula in all bands within the scope of this WI (i.e., n100, n106, n26, n28 and n85), it has been agreed that “In Case of 15 PRBs, the = 24 CORESET#0 is punctured”. Thus, a component reflecting the above should be added: Reception of 15 RB CORESET 0 based on puncturing = 24 for bands n100, n106, n26, n28 and n85.

The updated FG 51-x including the resolution of the “FFSs” and the inclusion of a component reflecting the support of UL/DL transmissions spanning up to 15-PRBs (i.e., the entire available transmission bandwidth) is as follows:
Updated FG 51-x: For UL/DL transmissions spanning up to 15-PRBs

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on RB-level puncturing for bands n100, n106, n26, n28 and n85.

2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 RB CORESET 0 based on puncturing = 24 for bands n100, n106, n26, n28 and n85.
	
	Yes



	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	N/A
	UE is not able to support 3 MHz channel bandwidth
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling



On the other hand, for supporting the “sub-3 MHz use case” we have the following proposals:
[bookmark: _Toc142334130]Add a separate FG (e.g, FG 51-xb) to the UE Feature list for the 3 MHz CBW for UL/DL transmissions spanning up to 12-PRBs, having as a pre-requisite FG 51-x.
[bookmark: _Toc142334131]For FG 51-xb, based on the agreements reached in RAN1# 113 and RAN4# 107, the following components can be added:
· [bookmark: _Toc142334115]When UL/DL transmissions span up to 12-PRBs at the specific sync-raster point defined in n100 (i.e., 920.73 MHz), it has been agreed to use “= 12, i.e., 12PRBs are indicated without puncturing”. Thus, a component reflecting the above should be added: Reception of 12 RB CORESET 0 based on = 12 for band n100.

Updated FG 51-xb: For UL/DL transmissions spanning up to 12-PRBs, and up to 15-PRBs since FG 51-x would be a pre-requisite for this Feature Group.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	51. NR_FR1_lessthan_5MHz_BW
	51-xb
	Support for 3 MHz channel bandwidth, for transmission/reception spanning up to 12-PRBs.
	1) Reception of 12 RB PBCH based on RB-level puncturing for bands n100, n106, n26, n28 and n85.

2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 12 RB CORESET 0 based on = 12 for band n100.
	FG 51-x
	Yes



	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	N/A
	UE is not able to support 3 MHz channel bandwidth
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




Under the umbrella of a 5 MHz channel bandwidth two use-cases are to be supported, the legacy case where UL/DL transmissions span up to 25-PRBs and a use-case (a.k.a. sub-5MHz) where UL/DL transmissions span up to 20-PRBs. Thus, in our view a separate FG for the 5 MHz CBW for UL/DL transmissions spanning up to 20-PRBs should be added to the UE feature list as to capture its required components.

[bookmark: _Toc142334132]Add a separate FG (e.g, FG 51-xc) to the UE Feature list for the 5 MHz CBW for UL/DL transmissions spanning up to 20-PRBs, having as a pre-requisite Rel-15 FG 2-1 (i.e., legacy 5 MHz CBW).
[bookmark: _Toc142334133]Add place holders for the components that will be required for supporting UL/DL transmissions spanning up to 20-PRBs at the specific sync-raster point defined in n100 (i.e., 921.45 MHz).
[bookmark: _Toc142334116]Below we provide an example that incorporates a separate FG for the 5 MHz CBW as part of the RAN1 UE feature list on “NRLessThan5MHzFR1”. Please note that under the 5 MHz CBW umbrella, the transmission/reception spanning up to 25-PRBs fully follows legacy framework/procedures, whereas for transmitting/receiving up to 20-PRBs (a.k.a. sub-5 MHz) a UE feature description needs to be added. 
[bookmark: _Toc142334117]It is worth noting that the sub-5MHz cannot stand on its own since it does not have an RF framework, thus it fully relies on the legacy 5MHz RF framework which has been added as a prerequisite.

FG 51-xc: For UL/DL transmissions spanning up to 20-PRBs, and up to 25-PRBs since Rel-15 FG 2-1 (i.e., legacy 5 MHz CBW) would be a pre-requisite for this Feature Group.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	51. NR_FR1_lessthan_5MHz_BW
	51-xc
	Support for 5 MHz channel bandwidth, for transmission/reception spanning up to 20-PRBs.
	1) Reception of 20 RB CORESET 0 based on puncturing = 24 for band n100.

	Rel-15 FG 2-1(FR1 channel bandwidth 5 MHz)
	Yes



	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	N/A
	UE is not able to support sub-5 MHz operation within a 5 MHz channel bandwidth
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




	[12]
	Qualcomm
	Proposal: Introduce the following new FGs/rows for dedicated spectrum less than 5MHz:

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	51. NR_ FR1_lessthan_5MHz_BW
	51-x1
	Support for 3 MHz channel bandwidth 
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Tx bandwidth same as BWP=15RBs
4) Disabled PUCCH hopping in msg4
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth and the corresponding sync raster point defined in TS38.101-1
	[Per Band]Per FSPC
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling

	51. NR_ FR1_lessthan_5MHz_BW
	51-1a
	Support for 3 MHz channel bandwidth with Transmission bandwidth of 12RBs
	1) Tx bandwidth of 12RBs within BWP=15 RBs, same as the 12 RB SSB bandwidth
2) CSI-RS/TRS transmission bandwidth of 12RBs within BWP =15RBs
	51-1
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with tx bandwidth of 12RBs and the sync raster point at 920.73 MHz for n100 defined in TS38.101-1.
	Per FSPC
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling

	51. NR_ FR1_lessthan_5MHz_BW
	51-2
	Support for 5 MHz channel bandwidth with Transmission bandwidth of 20RBs
	1) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2) Tx bandwidth of 20RBs within BWP=25RBs, same as the 20 RB SSB bandwidth
3) Disabled PUCCH hopping in msg4
4) CSI-RS/TRS transmission bandwidth of 20RBs within BWP=25RBs

	
	Yes
	N/A
	UE does is not able to support 5 MHz channel bandwidth with tx bandwidth of 20sRBs and the sync raster point at 921.45 MHz for n100 defined in TS38.101-1.
	Per FSPC
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling







Discussion
As summarized below, companies provide their view on FGs for NR support for dedicated spectrum less than 5MHz for FR1, while some of the features have not been agreed yet. For now, let’s try to agree on the stable part only and comeback once further progress is made in AI 9.13.1
· 51-x: Support for 3 MHz channel bandwidth
· Tx BW (not agreed yet)
· 12 or 15 PRBs: FW
· PBCH
· Component 1:
· Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100: HW/HiSi, ZTE, Apple, DCM, Samsung, E///, QC
· Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100: Nokia/NSB
· Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured: SPRD
· Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100 of the upper 4PRBs and lower 4PRBs of 20PRB PBCH for 3MHz channel bandwidth in all bands: vivo
· CORESET#0
· 12 or 15 PRBs: FW, HW/HiSi, Nokia/NSB, SPRD, vivo, ZTE, Apple, E/// (as separate FG), QC (as separate FG)
· Enabling/Disabling of PUCCH Frequency hopping (not agreed yet)
· Support: FW, SPRD, QC
· Not support: ZTE
· Modified FG 6-1 (not agreed yet): FW
· Additional sync raster: HW/HiSi
· Reporting type
· Per UE: E///
· Per band : HW/HiSi, Nokia/NSB, SPRD, vivo, Apple, DCM, Samsung
· Per FSPC: QC
· Note
· This FG is supported for 15 kHz SCS and normal cyclic prefix only: vivo
· This FG is only applicable to single-carrier operation and is not applicable to RedCap UEs: vivo
· A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported: Samsung

· Other Capabilities
Moderator’s note: for other capabilities, nothing other than existing spec has been agreed, and hence, comeback once further progress is made in AI 9.13.1
· Capability for 5 MHz channel bandwidth
· Whether to merge with FG51-x
· Yes: FW
· Prerequisite of FG51-x: HW/HiSi, Nokia/NSB (for band n100), ZTE (for band n100)
· No: E///, QC
· TX BW (not agreed yet)
· 20 PRBs: FW, E///, QC
· PBCH
· 20 PRBs: FW
· CORESET#0
· 20 PRBs (not agreed yet): FW, Nokia/NSB, ZTE, E///
· Wait for the progress in AI 9.13.1: vivo
· Additional bandwidth of TRS/CSI-RS for RRM (not agreed yet): FW, vivo, ZTE, QC

Proposal 2-1:
· FG 51-x is revised as follows
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 12 RB and 15 RB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling



	Company
	Comment

	Qualcomm
	It is not reasonable to have a single FG for 12RB and 15RB CORESET0.
For bands other than n100, UE does not need to support 12RB CORESET0 and the corresponding new sync raster point 920.73MHz.
For n100, UE supporting 12RB CORESET0 will support 15RB CORESET0 as pre-requisite. 

	Ericsson
	Ok with the updates in “1)”. 
On “3)” we believe more discussion is needed. 
We can also have some discussion around the “Type”.

	Nokia/NSB
	We are ok with the updates in 1. 


On the 3rd one, we think there could be a single UE capability – but to take the comment from QC into account maybe we may need to be more precise on the 12 PRB CORESET (that specific sync raster sync raster point in band n100) – e.g. 
3) Reception of 15 RB CORESET0 
4) Reception of 12 RB CORESET0 when this FG is indicated for band n100
or even being more precise (in terms of sync raster points) as Ericsson is suggesting in their reply to Question 2-2. 



	ZTE
	For the 3rd bullet, better to make it clear something like ’Reception of 12-RB CORESET#0 without puncturing and 15-RB CORESET#0 with puncturing from 24-RB CORESET#0’  

	LGE
	On 3), we also think more discussion is needed. 
Whether the 12-PRB CORESET#0 can be used for 3 MHz channel BW in all bands (including n100) needs to be clarified first.
In our view, the answer is Yes. And if it is common understanding, we think a separate FG for 12-PRB CORESET#0 seems not desirable.

	Moderator
	Following was agreed in Wednesday online session

Agreement
· FG 51-x is revised as follows
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 RB and CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-y
	Support 12 RB CORESET0
	1) Reception of 12 RB CORESET0
	51-x
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 12 RB CORESET0
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

[This FG is applicable to the case when transmission BW is limited within 12 PRB]
	Optional with capability signalling







Question 2-2:
· Companies are encouraged to provide views on whether following components should be added to FG 51-x
· Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
· Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100
	Company
	Comment

	Qualcomm
	Need to add the required sync raster points for 12RBs and 15RBs in separate FGs, respectively.

	Ericsson
	The formula is to be captured in the RAN4 specifications; we can refer to it rather than capturing that level of detail in the components.
We can perhaps capture something simpler such as: 
“Reception of 12 RB CORESET0 at one sync-raster point defined in NR band n100 (i.e., 920.73 MHz)”
“Reception of 15 RB CORESET0 at the sync-raster points derived from the new sync-raster formula as defined in [X], for n100, n106, n26, n28 and n85 ”

	Nokia/NSB
	We do not see a need to have the specific sync raster points as part of the UE feature definition. If this is to distinguish the 12RB and 15 RB CORESET0 usage (also related to the comment of Qualcomm on Question 2-1), then the suggestion from Ericsson could be working here. But this is to distinguish CORESET0 BW – and not PBCH/SSB (which is 12 PRB always). 

	ZTE
	OK to add. 

	LGE
	In principle, we are okay to refer to RAN4 spec for details of sync rasters.
The exact wording can be made after clarification on whether the 12-PRB CORESET#0 can be used for 3 MHz channel BW in all bands (including n100) or not.



Question 2-3:
· Companies are encouraged to provide views on whether following notes should be added to FG 51-x
· This FG is supported for 15 kHz SCS and normal cyclic prefix only
· This FG is only applicable to single-carrier operation and is not applicable to RedCap UEs
· A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported
	Company
	Comment

	Qualcomm
	First subbullet is not needed, since only NCP is supported for 15kHz SCS.
The other two need more clarification. 

	Ericsson
	First bullet: Ok as a note.
Second bullet: Ok as a note.
Third bullet: Unless we are misinterpreting this bullet, we think that perhaps is not needed since that is the purpose of the FGs per-se.

	Nokia/NSB
	On the first bullet point, we agree with QC (only NCP for 15kH SCS) and therefore no addition seems needed. 
On the 2nd and 3rd bullet, we don’t see a real need for these additions. 

	ZTE
	OK to add the 2nd bullet based on previous RAN decision. 

	LGE
	Okay to remove the 1st bullet. For the 2nd bullet, it is on the scope of this whole WI. Don’t think it needs to be described here, but okay to add as note.
For the 3rd bullet, we would like to understand more on the implication. If an NR UE does NOT report this FG is supported, gNB assumes the UE is a legacy NR UE. If there is critical issue from network side if this happens, then we may need to add the 3rd bullet. Otherwise, not sure if it needs to added in the FG description.





3. Conclusions
Following agreement was made in this meeting

Agreement
· FG 51-x is revised as follows
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 RB and CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-y
	Support 12 RB CORESET0
	1) Reception of 12 RB CORESET0
	51-x
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 12 RB CORESET0
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

[This FG is applicable to the case when transmission BW is limited within 12 PRB]
	Optional with capability signalling
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