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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A 3GPP Rel-17 work item for reduced capability (Redcap) devices was approved in [1]. Among the key objectives, the scope of this WI includes specifying support for a small handful of UE complexity reduction features, and the higher layer support of those features:
· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
This contribution discusses the UE capability framework for RedCap UEs, including related RAN2 agreements and features than may be necessary or beneficial for RedCap UEs.

Discussion
UE capability framework – start from NR or from nothing?
RAN2 has agreed that the existing UE capabilities framework is used as baseline, and provided two alternatives for the capability design principle:
· Following capability design principle is considered for RedCap UE, but details should be discussed in WI phase:
· Alternative 1:
· The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:
· Mandatory features for non-RedCap UE that are not supported for RedCap UE;
· Mandatory features for non-RedCap UE that are optional for RedCap UE;
· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;
· Optional features for non-RedCap UE that are not supported for RedCap UE;
· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.
· For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs.The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.
· Alternative 2:
· Directly define the UE capabilities required for RedCap devices, including:
·  Mandatory features for RedCap UEs (defined in specification);
· Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE). 

In a nutshell, Alternative 1 is to start from NR (and note any differences), and alternative 2 is to start from nothing. The vast majority of companies in RAN2 support alternative 1.
Our view, as was laid out as a ‘principles’ for RedCap in [2], is that other than the small number of complexity reduction features, RedCap should not fragment the NR ecosystem and should retain as much compatibility with “normal” NR as possible. This means that (other than the small number of complexity reduction features) by default all of the other features in NR should be available for RedCap UEs. There are many advantages of such an approach, not only for product design/development but also in avoiding an endless stream of follow-on RedCap WI for compatibility with every other NR WI. Our strong preference is therefore to start from NR rather than nothing.
Proposal 1:
· By default all NR features are supported by RedCap UEs (either optional or mandatory).
· Any exceptions of features that RedCap UEs are not allowed to support must be explicitly agreed.
Observation 1:
· Per RAN#90e, so far the features not intended for RedCap ONLY include carrier aggregation, dual connectivity and wider bandwidths.

Basic features for RedCap UEs
In rel-16, “basic feature groups” have been successfully used to indicate, for an overall optional feature such as NRU or V2X, which feature groups are necessary (or basic) and therefore required to be supported when the feature is supported. As the existing UE capabilities framework is used as baseline for RedCap, defining basic features for RedCap UEs is expected. These basic features could include features related to the complexity reduction techniques as well as other NR features that are viewed as necessary or highly beneficial for RedCap UEs. Some other especially beneficial NR features could be ‘recommended’ for RedCap UEs but not considered as a basic feature, though it would have to be discussed whether and how to capture such recommendations (this would be like Alternative 2 in [3]).
The complexity reduction related features include:
· Bandwidth reduction (basic, 20MHz FR1 and 100MHz FR2)
· Reduced RX branches (non-basic, as 2RX UEs are also supported)
· Optional (rather than mandatory) 256QAM support for DL FR1
· Optional FDD Type A
· (under discussion) Early Identification of RedCap UEs
Here the reduced MIMO layers is not listed as it seems less a feature and more a consequence of # of RX branches.
There are many NR features that may be necessary or beneficial for RedCap UEs, including the following features related to coverage and power savings.
In NR rel-15:
· Longer PUCCH formats (format 1, 3, 4)
· Intra slot hopping PUCCH repetition (feature 4-23, K=2,4,8 slots) 
· Type 1 Type 2 configured PUSCH repetitions (5-14 and 5-16)
· PUSCH and PDSCH repetition 2,4,8 factor (5-17 and 5-17a)
· 5-9 intra slot FH, 5-7 inter VRB-PRB PDSCH, 5-10 inter slot
· PDCP repetition 1-6 for higher layer, suitable for delay tolerant traffic
· High reliability MCS table (table 3 in 38.214)
· SUL
In NR Rel-16
· Compact DCI 
· Multiple TRP (for PDSCH in Rel-16, others in Rel-17)
· More than one PUCCH for HARQ-ACK transmission within a slot
· PUSCH repetition (type A, B) (11-6 and 11-7)
· Multiple Active Configured grant configurations for a BWP of a serving cell (11-9)
· DRX Adaptation (19-1)
· Cross Slot Scheduling (19-2)
· Maximum MIMO Layer Adaptation (19-3)
· UE Assistance Information (19-4a)
Observation 2:
· RedCap may include as "basic features" any necessary or beneficial feature from NR across Rel-15 to Rel-17.
· Basic features are mandatory for RedCap UEs.

[bookmark: _Ref129681832]Conclusion
In this contribution, we observe and propose the following.
 Proposal 1:
· By default all NR features are supported by RedCap UEs (either optional or mandatory).
· Any exceptions of features that RedCap UEs are not allowed to support must be explicitly agreed.
Observation 1:
· Per RAN#90e, so far the features not intended for RedCap ONLY include carrier aggregation, dual connectivity and wider bandwidths.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 2:
· RedCap may include as "basic features" any necessary or beneficial feature from NR across Rel-15 to Rel-17.
· Basic features are mandatory for RedCap UEs.
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