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1	Introduction
[bookmark: _Toc67770514]This contribution concerns the new RAN1 UE features associated with the Rel-17 WI on support of reduced capability (RedCap) NR devices [1].
Current Rel-16 UE capability definitions and UE feature lists can be found in [2][3]. Some guidelines provided by RAN2 during the work with the Rel-16 UE feature list can be found in [4][5][6].
Based on agreements made so far for RedCap [7], RAN1 discussed the UE feature list for RedCap [8], resulting in the UE feature list captured in [9], which has been copied into the Annex of this contribution for convenience.
[bookmark: _In-sequence_SDU_delivery]2	RedCap features
2.1	FG 28-1 (‘RedCap UE’)
FG 28-1 (‘RedCap UE’) includes the following components:
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
It is FFS whether to add any other basic features in this FG.
In our view, early indication of RedCap UE in Msg3 for 4-step RACH will also be a mandatory component for RedCap UEs, but this can be decided in RAN2.
RAN1 has made the following agreements regarding operation in an RRC-configured active DL BWP in connected mode (where the differences between FR1 and FR2 are indicated with blue color).
	Agreement:
· For FR1,
· […]
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· […]

Agreement:
· For FR2,
· […]
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· […]




The above agreements should be captured somehow in the UE feature list, for example by adding RedCap-specific comments in the definitions of the existing FGs 6-1 and 6-1a, or in the new FGs 28-x.
[bookmark: _Toc95764334]Discuss how to capture the RAN1 agreements regarding operation in an RRC-configured active DL BWP in connected mode (e.g., in the definitions of FGs 6-1 and 6-1a, or in the new FGs 28-x).
FR1/FR2 differentiation would be needed if it is desired to indicate that a UE supporting both FR1 and FR2 is a RedCap UE in one of the frequency ranges but not in the other frequency range. It is currently not clear to us whether there might be a need for such a hybrid UE.
[bookmark: _Toc95764335]For FG 28-1 (‘RedCap UE’), discuss whether there is any need of FR1/FR2 differentiation.
[bookmark: _Toc95764336]For FG 28-1 (‘RedCap UE’), for the fields “Consequences if not supported”, “Type”, “Need of FDD/TDD differentiation” and “Note”, the highlighted text can be used as is.
2.2	FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’)
The row for FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’) seems suitable as is for FR1, but it seems that some updates may be needed for FR2 in the light of recent RAN4 agreements.
RAN4 has made the following agreements [10], which mean that for FR2, RAN4 has implemented the objective for a reduced number of branches as a reduced number of antenna elements and a new UE power class.
	Issue 5-1: New power class for RedCap UE
[Agreement:]
-	For power class for FWA device
-	Reuse the PC5 power class
-	For power class for wearable UE and additional industry sensor use case	
-	FFS whether to define the new power class for wearable UE and additional industry sensor separately, or define one power class for both
-	To limit the number of additional RF requirements, focus on the following three requirements
-	Minimum EIRP
-	Minimum EIS
-	Spherical coverage
-	For all the devices above, 2-layer DL MIMO is not mandated and FFS whether to define 2-layer MIMO performance requirements for them.

Issue 5-2-1-1: Reducing the# of Rx branch
[Agreement:]
Not reduce the number of Rx branch for FR2 

Issue 5-3-1-1: Reducing the# of Rx branch
[Agreement:]
Agree on Option 1.
-	Option 1: No

Issue 5-3-1-2: For Min EIRP and array arrangement for wearable use case RedCap UE (fine tuning needed)
[Agreement:]
For Min EIRP and array arrangement for wearable use case RedCap UE, agree on 
-	20log(2) = 6 dB lower than FR2 PC3, reduce to half array size of PC3 with array arrangement of (4x1 single panel or 2x1 dual panel, dual pol),




Note that according to the above RAN4 agreements, for an FR2 RedCap UE there is no one-to-one mapping between the number of antenna elements and the number of DL MIMO layers. This means that the indication of the supported number of DL MIMO layers cannot be used to deduce whether the number of antenna elements is reduced or not. Assuming that it is desired that gNB knows whether the UE implements a reduced number of antenna elements or not, it may be necessary to specify a separate FG for reduced number of antenna elements. However, that may not be needed if it is decided that a RedCap UE has a reduced number of antenna elements if and only if uses the new power class. Then the gNB can deduce from the reported UE power class that the UE has a reduced number of antenna elements.
[bookmark: _Toc95764337]Discuss how to report that an FR2 RedCap UE has a reduced number of antenna elements (e.g., using a new FG, or using implicit indication through the UE power class indication).
In our understanding, it is likely that it will be desired to indicate support of different number of Rx branches for different bands.
[bookmark: _Toc95764338]FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’’) is per band (or per FSPC if it is desired to align with legacy signaling solution).
2.3	FG 28-3 (‘Half-duplex FDD operation for RedCap UE’)
In our understanding, it might be desired to indicate support of different duplex modes (HD-FDD/FD-FDD) for different FDD bands.
[bookmark: _Toc95764339]For FG 28-3 (‘Half-duplex FDD operation for RedCap UE’), discuss whether the capability should be per UE or per band.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss how to capture the RAN1 agreements regarding operation in an RRC-configured active DL BWP in connected mode (e.g., in the definitions of FGs 6-1 and 6-1a, or in the new FGs 28-x).
Proposal 2	For FG 28-1 (‘RedCap UE’), discuss whether there is any need of FR1/FR2 differentiation.
Proposal 3	For FG 28-1 (‘RedCap UE’), for the fields “Consequences if not supported”, “Type”, “Need of FDD/TDD differentiation” and “Note”, the highlighted text can be used as is.
Proposal 4	Discuss how to report that an FR2 RedCap UE has a reduced number of antenna elements (e.g., using a new FG, or using implicit indication through the UE power class indication).
Proposal 5	FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’’) is per band (or per FSPC if it is desired to align with legacy signaling solution).
Proposal 6	For FG 28-3 (‘Half-duplex FDD operation for RedCap UE’), discuss whether the capability should be per UE or per band.
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Annex: Extract from RAN1 UE feature list for Rel-17 NR [9]
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
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