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Discussion and decision
1 Introduction
In SID [1], the following objective was agreed:

Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
In RAN 1 102-emeeting, the following agreements were made:
Agreements:

Studying how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1
Agreements:

Discussion on whether to study CA case is deprioritized for reduced capability UEs in Rel. 17 SI and it will not start until maximum UE channel bandwidth is clear.

 In RAN 2 111-emeeting, the following agreements were made for framework and principles for Reduced capability:
Agreements: RAN 2 111-e 2020.08.26

1. At least for device type identification and access restriction (including initial access), the network needs to know whether the UE is redCap UE or not. FFS on whether based on explicit or implicit signalling.

2. The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE (this does not imply anything on the reporting of the device type, if the need for a device type will be agreed)

3. The number of device types should be minimised, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1

4. Discuss in normative phase on whether to signal (and in case how) a Device type and its associated capabilities (the reduced set of capabilities) is captured in specifications, and whether device type is indicated as part of UE capability;

In this paper, some considerations on definition of device types for RedCap UE are discussed. 
2 Consideration on UE capability
Based on RAN 1 agreements and analysis in [2-3], reduced number of Rx antennas, bandwidth reduction, as well as relaxed UE processing time (if supported) may have impact on coexistence with legacy NR UE in RACH procedure. Therefore, early UE capability report in RACH procedure should be supported. If more than one UE capability is introduced, some essential features at least including number of Rx antennas, maximum supportable bandwidth, UE processing time (if supported), should be report early. Up to 3dB additional antenna loss is considered for wearable device, which will also lead to coverage lose for both downlink and uplink. It is needed to report whether RedCap UE has additional antenna loss together with early UE capability report.  The optional feature(s) supported by RedCap UE can be defined and reported later as existing UE capability framework and report procedure. 
Proposal #1: RedCap UE capability should be reported in RACH procedure including whether the UE has additional antenna loss.

On the other hand, in order to avoid unnecessary segmentation, one RedCap UE type with mandatory features, i.e., mandatory bandwidth, and mandatory number of Rx antenna can be defined. In NR, UE has a mandatory bandwidth, and after initial access, UE is allowed to report a larger bandwidth to provide a higher data rate. If it is beneficial, for RedCap UE, the system (e.g., initial access) may design to support minimal RF bandwidth of RedCap UE, e.g., 20MHz for FR1 and 50MHz and/or 100MHz for FR2. If UE support a larger RF bandwidth, UE can report it as an optional feature after initial access following the procedure of UE capability report.
If single Rx is supported, it should be the baseline feature for RedCap UE, which has the most challenge for system design. gNB can treat all RedCap UEs with single Rx antenna until it reports optional capability. 
Proposal #2: Define only one RedCap UE type with mandatory features. 

Proposal #3: RedCap UE need to support a mandatory bandwidth for FR 1 and FR 2 separated. RedCap UE can optionally report a larger BW as an optional feature. 

Proposal #4: Single Rx antenna is mandatory for Redcap UE, and Redcap UE can optionally report the support of more Rx antennas as an optional feature. 
3 Conclusion
In this paper, some analysis on UE capability of RedCap UEs was provided. We proposed:
Proposal #1: RedCap UE capability should be reported in RACH procedure including whether the UE has additional antenna loss.

Proposal #2: Define only one RedCap UE type with mandatory features. 

Proposal #3: RedCap UE need to support a mandatory bandwidth for FR 1 and FR 2 separated. RedCap UE can optionally report a larger BW as an optional feature. 

Proposal #4: Single Rx antenna is mandatory for Redcap UE, and Redcap UE can optionally report the support of more Rx antennas as an optional feature. 
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