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1 [bookmark: _Ref40465791]Introduction
In this contribution, we present our views on remaining details for defining UE capabilities for RedCap UEs. 
During RAN1 #107-E meeting, the following decisions were made on UE features for Rel-17 RedCap [1].
	Agreement
· FG 28-5 is removed
· Add a note in FG 1-5 (256QAM for PUSCH) that “For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH”

Agreement
· Following features are not added into FG 28-1
· Supported Rx branches and corresponding maximum DL MIMO layers
· RedCap UE must indicate this capability from RAN1 perspective
· Supported FDD operation
· Supported maximum DL modulation order

Agreement
· Inform RAN2 that “From RAN1 perspective, it would be enough to indicate the maximum number of PDSCH MIMO layers per band for RedCap UEs, but RAN1 notes that the type of FG2-3 (maxNumberMIMO-LayersPDSCH) is currently per FSPC and that it is up to RAN2 whether to signal per band or per FSPC”
· Note: If RAN2 decides to reuse the existing signaling (FG2-3) with modification for RedCap, then FG 28-2 is not needed from RAN1 perspective. If RAN2 decides to keep FG28-2, a RedCap UE must indicate FG28-2 from RAN1 perspective.
· 1st bullet is captured in the LS to RAN2 being discussed in [107-e-R17-UE-features-REDCAP-02]

[bookmark: _Hlk88268281]Agreement
· For early indication of RedCap UE,
· The capability of early indication of RedCap UE in Msg.1 for 4-step RACH is added as a component in FG 28-1
· FFS other early indication schemes


In addition, RAN1 also sent an LS to RAN2 indicating that features related to CA/DC/BWs wider than 20 MHz/100 MHz for FR1/FR2 respectively, on support of more than 2 Tx/Rx branches are not applicable to Rel-17 RedCap, and information on related RAN1 agreements including possible reuse of FG 2-3 for indication of max number of DL MIMO layers by RedCap UEs.
In this contribution, we share our views on the remaining details for UE features for Rel-17 RedCap.
2 UE capabilities and supported features for RedCap
On FGs 28-x
The latest version of UE features relevant for Rel-17 RedCap is as in [2]. The relevant FGs (#28-x family) are quoted from [2] 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 should be per UE. For FG #28 -1, the type should be “per UE” since the overall cost/complexity reduction benefit for a UE that may behave as non-RedCap UE in some bands while as a RedCap UE in some others is rather limited. 
More importantly, given the single carrier operation for RedCap UEs, what matters is if the UE reports itself a RedCap UE for the carrier in the band in which the UE may be currently camping on. Thus, a “per UE” capability indication for FG 28-1 is sufficient.
Proposal 1:
· Confirm the type for FG 28-1 as “per UE”.
· Confirm the type for FG 28-3 as “per band”.
For FG 28-1, support of early identification during Msg1 transmission has been captured as a component. Further, if 2-step RACH is optionally supported by RedCap UE, RedCap early identification during MsgA preamble transmission should also be added as a component that is relevant only to RedCap UEs for existing 2-step RACH feature. 
Alternatively, a separate feature FG 28-y may be introduced that is mandatory for RedCap UE (i.e., supporting FG 28-1) supporting 2-step RACH. However, updating FG 28-1 as suggested below in Proposal 2 would be most appropriate and consistent with the handling for 4-step RACH. 
Also, support of separate initial DL and UL BWPs should also be included as a component of FG 28-1 as this is a key feature that define RedCap UEs and should be supported by all RedCap  UEs.

Proposal 2:
· Capture the following as a component (#4) for FG 28-1:
· “4. For 2-step RACH, support of early identification of RedCap UE during MsgA preamble transmission.” 
· “5. Support of separate initial DL and UL BWPs configured by SIB1.”
· Add a note to FG 28-1: “Component 4 is applicable only if the UE also supports FG 9-1”.

[bookmark: _Hlk87037990]Next, on xDD and FRx differentiations, while FG #28-3 is applicable to FDD spectra and FR1 bands only, there is no need for FDD/TDD differentiation for FG #28-1 (for similar reasons why “per band” signaling is not necessary for FG #28-1). Neither is FRx differentiation necessary for FG 28-1.

Proposal 3:
· xDD and FRx differentiations are not necessary for FGs 28-1 and 28-3.
· FG 28-3 is only applicable in FDD and FR1 bands.

On relationship to R15/R16/R17 UE features
Here, we present our views on some remaining Rel-15/16 features that may require adaptations for RedCap UEs. 
On support of 2 Tx capabilities, it was discussed during RAN1 #107-e meeting without a conclusion as to whether RedCap UEs may support 2Tx as optional feature. To maintain some of the key targets for RedCap UEs other than complexity (viz., small form factor, low power consumption, lower QoS requirements), it may not be practical to have support of 2Tx features. Thus, precluding support of 2Tx for Rel-17 RedCap is slightly preferred. 
In addition to the above, several other UE features from Rel-15/16 are expected to need adjustments for RedCap UEs as compared to non-RedCap UEs. Most of these have already been resolved in earlier meetings with FG 6-1 being one key FG awaiting further resolution.  
· FG #6-1
· For RedCap UEs, operation without CORESET #0 within the active DL BWP should be mandatory and only expectation on SSB in RRC-configured DL BWP may be considered as a modification to FG 6-1. This would require updates to at least FG #6-1.
· Alternatively, a new mandatory FG for RedCap UEs such that the RedCap UE expects SSB in RRC-configured DL BWP should be introduced with FGs 6-1 and 28-1 as pre-requisites.
Proposal 4:
· 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.
· Add a note to FG 6-1: “For a UE supporting FG 28-1, component 4 is modified as: “BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for Pcell/PScell (if configured)””
· Alternatively, a new mandatory FG for RedCap UEs such that the RedCap UE expects SSB in RRC-configured DL BWP should be introduced with FGs 6-1 and 28-1 as pre-requisites.

On Rel-17 features, and possible optional support or non-applicability of some of them for RedCap UEs, we share our views below.
· UE power saving enh
· Can be optionally supported
· Coverage enh
· Can be optionally supported
· SDT
· Can be optionally supported
· MBS
· Can be optionally supported
· IIoT/URLLC further enhancements
· Can be optionally supported
· NTN
· Can be optionally supported
· feMIMO
· At least some Multi-TRP-related features related to high reliability may be optionally supported
· Above-52GHz
· Not supported by RedCap UEs
· ePositioning
· Not supported by RedCap UEs
· eIAB
· Not supported by RedCap UEs
· SL/V2X enh
· Not supported by RedCap UEs
· DSS enh
· Not supported by RedCap UEs
· NR DC/CA further enhancements
· Not supported by RedCap UEs
· DL 1024QAM
· Not supported by RedCap UEs
Proposal 5:
· Applicability of some of the Rel-17 features for RedCap UEs are as follows:
· UE power saving enh
· Can be optionally supported
· Coverage enh
· Can be optionally supported
· SDT
· Can be optionally supported
· MBS
· Can be optionally supported
· IIoT/URLLC further enhancements
· Can be optionally supported
· NTN
· Can be optionally supported
· feMIMO
· At least some Multi-TRP-related features related to high reliability may be optionally supported
· Above-52GHz
· Not supported by RedCap UEs
· ePositioning
· Not supported by RedCap UEs
· eIAB
· Not supported by RedCap UEs
· SL/V2X enh
· Not supported by RedCap UEs
· DSS enh
· Not supported by RedCap UEs
· NR DC/CA further enhancements
· Not supported by RedCap UEs
· DL 1024QAM
· Not supported by 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.

On FGs 28-x
Proposal 1:
· Confirm the type for FG 28-1 as “per UE”.
· Confirm the type for FG 28-3 as “per band”.

Proposal 2:
· Capture the following as a component (#4) for FG 28-1:
· “4. For 2-step RACH, support of early identification of RedCap UE during MsgA preamble transmission.” 
· “5. Support of separate initial DL and UL BWPs configured by SIB1.”
· Add a note to FG 28-1: “Component 4 is applicable only if the UE also supports FG 9-1”.

Proposal 3:
· xDD and FRx differentiations are not necessary for FGs 28-1 and 28-3.
· FG 28-3 is only applicable in FDD and FR1 bands.

On relationship to other R15/R16/R17 UE features

Proposal 4:
· 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.
· Add a note to FG 6-1: “For a UE supporting FG 28-1, component 4 is modified as: “BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for Pcell/PScell (if configured)””
· Alternatively, a new mandatory FG for RedCap UEs such that the RedCap UE expects SSB in RRC-configured DL BWP should be introduced with FGs 6-1 and 28-1 as pre-requisites.

Proposal 5:
· Applicability of some of the Rel-17 features for RedCap UEs are as follows:
· UE power saving enh
· Can be optionally supported
· Coverage enh
· Can be optionally supported
· SDT
· Can be optionally supported
· MBS
· Can be optionally supported
· IIoT/URLLC further enhancements
· Can be optionally supported
· NTN
· Can be optionally supported
· feMIMO
· At least some Multi-TRP-related features related to high reliability may be optionally supported
· Above-52GHz
· Not supported by RedCap UEs
· ePositioning
· Not supported by RedCap UEs
· eIAB
· Not supported by RedCap UEs
· SL/V2X enh
· Not supported by RedCap UEs
· DSS enh
· Not supported by RedCap UEs
· NR DC/CA further enhancements
· Not supported by RedCap UEs
· DL 1024QAM
· Not supported by RedCap UEs
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Appendix A (from R1-2112902 [2])
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.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
FFS whether to add any other basic features for RedCap UE
	
	Yes
	
	Network assumes the UE is not a RedCap UE
	Per UE
	No
	No
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling
RedCap UE must indicate this FG is supported

	 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 type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	Yes
	
	UE is assumed to support FD-FDD in FDD bands
	Per band
	FDD only
	FR1 only
	
	
	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



