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1 [bookmark: _Ref40465791]Introduction
In this contribution, we present our views on defining UE capabilities for RedCap UEs and on the support of various optional/mandatory Rel-15/16 features by RedCap devices. 
2 UE capabilities and supported features for RedCap
A preliminary list of new UE features relevant for Rel-17 RedCap was provided in [1]. The relevant FGs (#28-x family) are quoted from [1] in Appendix A.
For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

On defining UE capabilities for RedCap, RAN2 has made the following decision:
	· RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE.



Then, during RAN1 #106-e meeting, the following was agreed [2]:
	Agreement
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs



Subsequently, RAN1 received the following information via an LS from RAN2 [3]:
	1	Overall description
RAN2 has discussed the objective for framework for reduced capabilities in RAN2#114-e and RAN2#115-e and would like to inform RAN1 and RAN4 about the following agreements related to UE capabilities:  
RAN2#114-e:
	Agreements online: 
1.	RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap 	UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify 	in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE



RAN2#115-e:
	Agreements:
1.	The number of DRBs supported by RedCap UEs is less than legacy value (which is 16). There will 	be a single mandatory value (FFS if 4 or 8). FFS if it will be possible to have an optional capability
2.	“RRC processing delay” is not relaxed for RedCap UE
3.	PDCP/RLC AM 12 bits SN is mandatory for RedCap UE, and PDCP/RLC AM 18bits SN is optional 	supported by RedCap UE; FFS on how to capture this in specification
4.	NE-DC, and (NG)EN-DC are not supported by RedCap UE; FFS on how to capture it in the 	specification[
5.	DAPS and CAPC related capabilities are not applicable for RedCap UE; [8/20] FFS on CHO. FFS on 	how to capture this in the specification;

Agreements via email - from offline 109:
1.	Maximum 8 DRBs is mandatory supported by RedCap UEs.
2.	From RAN2 perspective, inter RAT mobility related capabilities are applicable for RedCap UE;
3.	From RAN2 perspective, measurement related capabilities are applicable for RedCap UE;
4.	From RAN2 perspective, URLLC related capabilities are applicable for RedCap UE except those 	affected by CA/DC;
5.	From RAN2 perspective, IAB related capabilities are not applicable for RedCap UE, i.e. the RedCap 	UE is not expected to act as IAB node;
6.	Do not introduce capability signalling on the supported Rx number for RedCap UE since the number 	of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter 	maxNumberMIMO-LayersPDSCH in the existing UE capability framework;



RAN2 would like to respectfully ask RAN1 and RAN4 to provide their feedback, if any, on the above agreements. 

Additionally, RAN2 would like to ask RAN1 and RAN4 whether there are any Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs? 
2	Actions
To RAN1 and RAN4:
ACTION: 	RAN2 respectfully asks RAN1 and RAN4 to provide feedback on the RAN2 agreements related to above UE capabilities, if any.
ACTION: 	RAN2 respectfully asks RAN1 and RAN4 whether there are any Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs?


Overall, we can expect UE capabilities for RedCap to be defined based on the following framework.
Observation 1: 
· Barring exceptions, the UE capabilities defined in TS 38.306 for non-RedCap UEs, would apply for RedCap UEs. Four categories of exceptions: 
· Mandatory capabilities (for non-RedCap) may be made optional or not supported at all, if any
· Optional capabilities (for non-RedCap) may be made mandatory for RedCap UE, if any
· Mandatory/optional capability (for non-RedCap) that may be modified in terms of supported values to report or additional/modifications to conditions for RedCap UEs, if any
· New capabilities for RedCap UEs (mandatory or optional) that may not be available for non-RedCap UEs. 
Thus, we can see that in addition to new Rel-17 UE capabilities for RedCap UEs, the Rel-15 and Rel-16 UE capabilities are also expected to be adapted as they may apply to RedCap UEs (or not). 

Observation 2: 
· In addition to new Rel-17 UE features for RedCap devices, various Rel-15 and Rel-16 features are expected to need adaptations and adjustments in terms of their applicability to Rel-17 RedCap UEs.
In this regard, it would be necessary for RAN1 to plan such discussions likely under UE features discussions for Rel-17 RedCap. With such an understanding, we share our views on applicability of certain Rel-15 and Rel-16 features to RedCap devices. 
For Rel-15, it has already been agreed that RedCap UEs do not support CA/DC features. All Rel-15 and Rel-16 FGs that are related to CA/DC support should not be applicable for RedCap UEs. Thus, the following Rel-15 FGs may NOT be supported by RedCap UEs:
· FGs #6-5, 6-5a, 6-6, 6-7, 6-8, 6-9, 6-9a, 6-10, 6-10a, 6-11, 6-12, 6-13, 6-19, 6-21, 6-22, 6-23, 6-24, 6-25, 6-25a
· Relevant to CA/DC support
· FGs # 8-1, #8-2
· Relevant to EN-DC support

In addition to the above, Rel-15 and Rel-16 UE features that are relevant to more than on Tx antenna ports or more than 2 layers in the DL should not be applicable for RedCap UEs. Thus, the following Rel-15 FGs may NOT be supported by RedCap UEs:
· FG #2-16b (Support 1+2 DMRS (uplink))
· Relevant to support of more than one antenna port in the UL
· FG #2-55 (SRS Tx switch)
· Relevant to support of multiple UL APs
· FG #4-12 (HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group)
· Relevant to support of > 4 layers in the DL

Next, we list the considerations on Rel-16 features in context of RedCap UEs:
· 2-step RACH
· Can be optionally supported 
· NR-Unlicensed
· Can be optionally supported
· URLLC/IIoT
· Can be optionally supported
· UE power saving
· Can be optionally supported
· NR CLI/RIM
· Can be optionally supported 
· Positioning
· Positioning performance with reduced BW support needs further considerations and may be further considered in Rel-18
· V2X/ NR SL
· While V2X/SL features may be supported by the same device as discussed in RAN #93-e without any BW restrictions for certain V2X bands, further studies would be necessary to before V2X/SL can be supported with BW limitations of RedCap
· NR IAB
· Not supported by RedCap UEs
· Mobility enh.
· Not supported by RedCap UEs since Rel-16 mobility enhancements features assume support of DAPS which is not applicable to RedCap UEs

In addition to the above, several UE features from Rel-15/16 are expected to need adjustments for RedCap UEs as compared to non-RedCap UEs. These include, but not limited to, the following: 
· FGs #6-1 and 6-1a
· For RedCap UEs, operation without CORESET #0 within the active DL BWP should be mandatory and only expectation on SSB in active DL BWP may be considered during RAN1 #106bis-E discussions in AI 8.6.1.1. This would require updates to at least FG #6-1.

Proposal 2:
· The following Rel-15 features related to CA/DC are NOT applicable for RedCap UEs:
· FGs #6-5, 6-5a, 6-6, 6-7, 6-8, 6-9, 6-9a, 6-10, 6-10a, 6-11, 6-12, 6-13, 6-19, 6-21, 6-22, 6-23, 6-24, 6-25, 6-25a
· Relevant to CA/DC support
· FGs # 8-1, #8-2
· Relevant to EN-DC support

Proposal 3:
· The following Rel-15 features related to MIMO features are NOT applicable for RedCap UEs:
· FG #2-16b (Support 1+2 DMRS (uplink))
· Relevant to support of more than one antenna port in the UL
· FG #2-55 (SRS Tx switch)
· Relevant to support of multiple UL APs
· FG #4-12 (HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group)
· Relevant to support of > 4 layers in the DL
Proposal 4:
· Applicability of some of the Rel-16 features for RedCap UEs is as follows:
· 2-step RACH
· Can be optionally supported 
· NR-Unlicensed
· Can be optionally supported
· URLLC/IIoT
· Can be optionally supported
· UE power saving
· Can be optionally supported
· NR CLI/RIM
· Can be optionally supported 
· Positioning
· Positioning performance with reduced BW support needs further considerations and may be further considered in Rel-18
· V2X/ NR SL
· While V2X/SL features may be supported by the same device as discussed in RAN #93-e without any BW restrictions for certain V2X bands, further studies would be necessary to before V2X/SL can be supported with BW limitations of RedCap
· NR IAB
· Not supported by RedCap UEs
· Mobility enh.
· Not supported by RedCap UEs since Rel-16 mobility enhancements features assume support of DAPS which is not applicable to RedCap UEs
Proposal 5:
· At least FG # 6-1 should be adapted for RedCap UEs such that operation without CORESET #0 within the active DL BWP is mandated for RedCap UEs.
3 Conclusions
In this contribution, we presented our views on UE features for Rel-17 RedCap.
Based on the presented discussion, our views can be summarized via the following proposals and observations.

Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.
Observation 1: 
· Barring exceptions, the UE capabilities defined in TS 38.306 for non-RedCap UEs, would apply for RedCap UEs. Four categories of exceptions: 
· Mandatory capabilities (for non-RedCap) may be made optional or not supported at all, if any
· Optional capabilities (for non-RedCap) may be made mandatory for RedCap UE, if any
· Mandatory/optional capability (for non-RedCap) that may be modified in terms of supported values to report or additional/modifications to conditions for RedCap UEs, if any
· New capabilities for RedCap UEs (mandatory or optional) that may not be available for non-RedCap UEs. 
Observation 2: 
· In addition to new Rel-17 UE features for RedCap devices, various Rel-15 and Rel-16 features are expected to need adaptations and adjustments in terms of their applicability to Rel-17 RedCap UEs.
Proposal 2:
· The following Rel-15 features related to CA/DC are NOT applicable for RedCap UEs:
· FGs #6-5, 6-5a, 6-6, 6-7, 6-8, 6-9, 6-9a, 6-10, 6-10a, 6-11, 6-12, 6-13, 6-19, 6-21, 6-22, 6-23, 6-24, 6-25, 6-25a
· Relevant to CA/DC support
· FGs # 8-1, #8-2
· Relevant to EN-DC support
Proposal 3:
· The following Rel-15 features related to MIMO features are NOT applicable for RedCap UEs:
· FG #2-16b (Support 1+2 DMRS (uplink))
· Relevant to support of more than one antenna port in the UL
· FG #2-55 (SRS Tx switch)
· Relevant to support of multiple UL APs
· FG #4-12 (HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group)
· Relevant to support of > 4 layers in the DL
Proposal 4:
· Applicability of some of the Rel-16 features for RedCap UEs is as follows:
· 2-step RACH
· Can be optionally supported 
· NR-Unlicensed
· Can be optionally supported
· URLLC/IIoT
· Can be optionally supported
· UE power saving
· Can be optionally supported
· NR CLI/RIM
· Can be optionally supported 
· Positioning
· Positioning performance with reduced BW support needs further considerations and may be further considered in Rel-18
· V2X/ NR SL
· While V2X/SL features may be supported by the same device as discussed in RAN #93-e without any BW restrictions for certain V2X bands, further studies would be necessary to before V2X/SL can be supported with BW limitations of RedCap
· NR IAB
· Not supported by RedCap UEs
· Mobility enh.
· Not supported by RedCap UEs since Rel-16 mobility enhancements features assume support of DAPS which is not applicable to RedCap UEs
Proposal 5:
· At least FG # 6-1 should be adapted for RedCap UEs such that operation without CORESET #0 within the active DL BWP is mandated for RedCap UEs.
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Appendix A
28. NR_redcap
	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

	 28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling

	 28. NR_redcap
	28-2
	Number of UE Rx branches and DL MIMO layers for RedCap UE
	1. For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
2. For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	No
	[No]
	
	For UE capability signalling, the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework. Detailed signalling is up to RAN2.
	Optional with capability signaling

	28. NR_redcap
	28-3
	Half-duplex FDD operation for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling

	 28. NR_redcap
	28-4
	DL 256QAM support for RedCap UE
	1. Support of 256QAM for PDSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PDSCH for RedCap UE
3. Support of CQI table 2 (Table 5.2.2.1-3 in TS 38.214) for RedCap UE
	28-1
	Yes
	
	Impacts on UE complexity and DL link performance at high SNR
	[Per band]
	No
	[No]
	
	For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH.
	Optional with capability signaling

	 28. NR_redcap
	28-5
	UL 256QAM support for RedCap UE
	1. Support of 256QAM for PUSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PUSCH for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity and UL link performance at high SNR
	[Per band]
	No
	[No]
	
	For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH.
	Optional with capability signaling



