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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].
RAN1 has identified the following two new Layer-1 feature groups (FGs) for RedCap. RAN1#108-e discussed whether the two FGs should be per-UE or per-band capabilities without reaching consensus.
	Features
	Index
	Feature group
	Components
	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)

	 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
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- FFS: For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
FFS whether to add any other basic features for RedCap UE
	[Per UE]

	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
	[Per band]



In order to speed up progress in RAN1#109-e, some guidance from RAN#95-e might be beneficial.
[bookmark: _In-sequence_SDU_delivery]2	Discussion
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 carried out an email discussion which is captured in the feature lead summary in [8]. The resulting UE feature list is captured in [9] and has been copied into the Annex of this contribution for convenience. It has two new feature groups (FGs) for RedCap: FG 28-1 and FG 28-3.
About FG 28-1: A RedCap UE must indicate support for FG 28-1, so FG 28-1 can be said to define the RedCap UE type, and its main component is reduced maximum UE bandwidth (20 MHz for FR1, 100 MHz for FR2). Some of the other components of this FG are enablers for efficient operation with reduced maximum UE bandwidth within a larger cell bandwidth.
About FG 28-3: The UE complexity reduction techniques that are specified as part of the Rel-17 RedCap WI but not included in FG 28-1 are optional for RedCap UEs. These techniques include half-duplex FDD (HD-FDD), reduced number of Rx branches, reduced number of supported DL MIMO layers, and relaxed maximum DL modulation order, where support for HD-FDD is indicated by the new FG 28-3 and support for the other techniques is indicated by reusing already existing capability signaling.
RAN1#108-e discussed whether support for FG 28-1 and FG 28-3 should be indicated per band or per UE without reaching consensus. For both FG 28-1 and FG 28-3, there was larger support for indicating support per UE than for indicating support per band.
The following WI objectives [1] stipulate that there should be a single RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap UE capabilities only for RedCap UEs as well as preventing RedCap UEs from using capabilities not intended for RedCap UEs, and furthermore that RedCap UEs should be explicitly identifiable to networks through an early indication. 
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]



The above WI objectives were carefully formulated to avoid that RedCap UE complexity reduction techniques find their way into non-RedCap UE types by maintaining a clear distinction between RedCap and non-RedCap UEs. From this point of view, it seems clear that a RedCap UE is a RedCap UE in all bands, and a non-RedCap UE is a non-RedCap UE in all bands.
This aspect also seems clear from the following RAN2 agreements from RAN2#114-e:
	Agreements online:
1. The network needs to know if the UE is a RedCap UE or not in order to at least correctly identify the set of mandatory features (i.e. baseline capabilities) that the UE supports, including Handover case.
1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.



Regarding the mention of handover cases in the above RAN2 agreement, it is currently not clear whether the target gNB would be aware that the UE is RedCap or not during handover. If a UE is able to connect to a 20 MHz wide cell (bandwidth part) without the serving cell knowing about the reduced maximum UE bandwidth, then at handover there is a risk that the target cell (bandwidth part) is wider than 20 MHz, which the UE cannot handle, possibly leading to a radio link failure, since it does not support the RedCap mechanisms for operating with a reduced maximum UE bandwidth within a wider cell (bandwidth part).
Beside these technical reasons, the network may want to distinguish RedCap and non-RedCap UEs for other reasons, e.g., for applying different charging policies, different treatment in CN, etc.
Please refer to our RAN2 contribution [10] for a more detailed discussion regarding the potential concerns with RedCap UEs acting as non-RedCap UEs.
Given the above reasons and uncertainties and the very limited time left to finalize the Rel-17 RedCap WI, we have a preference for indicating FG 28-1 support per UE, not per band.
For FG 28-3 (HD-FDD), we also have a slight preference for per-UE capability reporting for simplicity, but we are open to per-band capability reporting if there is good motivation for it.
Proposal:
· FG 28-1 (‘RedCap UE’) is indicated per UE.
· FG 28-3 (‘Half-duplex FDD operation for RedCap UE’) is indicated per UE.
3	Conclusion
Based on the discussion in the previous sections we propose the following.
Proposal:
· FG 28-1 (‘RedCap UE’) is indicated per UE.
· FG 28-3 (‘Half-duplex FDD operation for RedCap UE’) is indicated per UE.
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Annex: Extract from RAN1 UE feature list for Rel-17 NR [9]
28. NR_redcap
	[bookmark: _Hlk97809617]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
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- FFS: For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
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.]
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A
	Optional with capability signaling
RedCap UE must indicate this FG is supported

	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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