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1. Introduction

In RAN#91e, the revised WID on support of reduced capability NR devices was agreed [1]. The following objectives have impacts on both RAN1 and RAN2 specification.
· 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]

· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 

In this contribution, RAN2-led aspects related to RAN1 for RedCap UE are further discussed, and our views are provided.
2. Discussion
2.1. RedCap UE type(s) definition for identification by network

The WID of RedCap specifies the support of following UE complexity reduction features:
· Reduced maximum UE bandwidth (maximum 20MHz for FR1 and 100MHz for FR2)
· Reduced minimum number of Rx branches (1 or 2 Rx branches)

· Maximum number of DL MIMO layers (1 or 2 DL MIMO layers)
· Relaxed maximum modulation order (optional 256QAM in DL)
· Half-Duplex-FDD (HD-FDD type A)
To define the RedCap UE types, the requirements for different use cases can be considered. For the RedCap UE sensitive to power saving, low cost/complexity and device size, the requirements on the UE complexity reduction shall be more severe. The following is an example of the complexity reduction features for this RedCap UE type.
· Reduced maximum UE bandwidth (e.g. 10MHz for FR1 and 50MHz for FR2)
· Reduced minimum number of Rx branches (1Rx branches)

· Maximum number of DL MIMO layers (1 DL MIMO layer)
· Relaxed maximum modulation order (not support 256QAM in DL)
· Half-Duplex-FDD (HD-FDD type A)
The RedCap UE with these requirements can be defined as one type. Industrial wireless sensors, low-end video and wearables are the examples of this device type. This can be considered as low-end RedCap device type. It is near to the LPWA (i.e. LTE-M/NB-IOT) like device type.

For the requirements not sensitive to device size, power consumption and cost, the requirements of the following potential UE complexity reduction features can be relaxed:

· Reduced maximum UE bandwidth (20MHz for FR1 and 100MHz for FR2)
· Reduced minimum number of Rx branches (e.g. 2 Rx branches for the bands requiring 4Rx in Rel-15)

· Maximum number of DL MIMO layers (2 DL MIMO layer)
· Relaxed maximum modulation order (support 256QAM in DL)
· Half-Duplex-FDD (FD-FDD and TDD supported)
The devices with these requirements can be defined as one type. High-end video and wearables are the examples of this device type. This can be considered as high-end RedCap device type. This type of UEs can achieve higher data rate and low latency. It is near to the URLCC and eMBB like device type.

For the support of SA mode for RedCap UEs, the defined device types should share some common physical layer procedure, such as initial access. Use case/ RedCap UE type orientated RedCap UEs features should be studied and defined. They can be defined specifically per device type, such as based on UE feature sets. 
In our view, two RedCap UE types are acceptable, with one type for low-end RedCap UEs and the other for high-end RedCap UEs. It is not desirable to have too many RedCap UEs types, which will bring specification complexity and market fragmentation.
In summary, two device types are preferred for RedCap UEs in Rel-17. Use case/ RedCap UE types orientated RedCap UEs features should be studied and defined.

Proposal 1: Two RedCap UEs types with different key requirements are defined for RedCap in Rel-17. 

Proposal 2: Use case/RedCap UE type orientated RedCap UEs features should be studied and defined.
For the number of UE type for each frequency range, there are following alternatives.

· Alt.1: Single UE type for each FR

· Alt.2: Two UE types for each FR

This issue has been discussed during RAN1#102-e. In our view, the definition of RedCap UE type is use case/requirement orientated. For the perspective of commercial network deployment, FR1 is more popular at current stage. For FR1, two RedCap UE types are preferred. For FR2, at least one RedCap UE type should be defined. Whether two RedCap UE types can be further studied. RAN2 inputs will be constructive on this issue. Therefore, Alt3 with two RedCap UE types for FR1 and at least one type for FR2 are proposed.

Proposal 3: Two UE types for FR1 and at least one UE type for FR2 are defined.
2.2. Earlier identification of RedCap UEs
As described in WID, it was agreed to 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.
In agenda item 8.6.1.2, the indication of the number of Rx branches of RedCap UEs is discussed. It was agreed that at least using UE capability report according to the existing framework to indicate (implicitly or explicitly) the number of Rx branches. It is FFS whether and how to support earlier indication of Redcap UEs with # Rx branches during initial access, e.g. by Msg1 and/or Msg3, and MsgA. 
In our view, there are some overlapping for the earlier indication of RedCap UE type and the number of Rx branches of RedCap UEs. As described in our companion contribution [2], the main purpose of earlier indication of RedCap UE is to indicate the number of Rx branches of RedCap UEs for gNB to improve Msg2/4 transmission during initial access. It may be not necessary for the other capabilities of RedCap UE to be earlier identified. They can be indicated to network by UE capability report afterwards. 

For the earlier identification of RedCap UEs, we suggest to clarify that only necessary capability is identified to network through earlier indication in Msg1 and/or Msg3, and Msg A. The Rx branches number of RedCap UEs is necessary capability to be earlier identifiable to networks.
Proposal 4: It is clarified that the number of Rx branches of RedCap UEs is explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A. 
As also discussed in our companion contribution [2], earlier indication through Msg1 will require PRACH resource partitioning, which reduces the utilization efficiency of PRACH resource. If Msg1 is used to indicate the number of Rx branches of RedCap UE, it is desired to only indicate the RedCap UE with reduced Rx branches number, instead of the detailed number if Rx branches, in order to reduce PRACH resource partitioning. One PRACH resource partition can be configured to indicate RedCap UE with reduced Rx branches. Network can optimize RAR transmission or perform access control for identified RedCap UE with reduced Rx branches. 

During the following Msg3 transmission, the detailed number of Rx branches can be further indicated to network, if needed. The information of Rx branches number indicated in Msg3 will benefit the scheduling of Msg4 transmission by gNB.

In summary, it is proposed to indicate the RedCap UE with reduced Rx branches number through Msg1. The detailed number of Rx branches can be further indicated to network through Msg3, if needed. 

Proposal 5: Msg1 is used for the identification of RedCap UE with reduced Rx branches number. 

Proposal 6: Msg3 is used for further identification of the Rx branches number of RedCap UE, if needed.

2.3. Access control
In WID, it was agreed to specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not. It shall be possible for the indication to be specific to the number of Rx branches of the UE
From RAN1 perspective, if system information indicates the RedCap UE with specific number of Rx branches is denied, the earlier identificaiton of the RedCap UE with specific number of Rx branches may be not needed. For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the RedCap UEs support 1 or 2 Rx branches in these bands. If RedCap UEs with 1 Rx branch is denied by network, the earlier identificaiton of the RedCap UE is not needed. 
Observation: The Rx branches number specific access control for RedCap UEs may have impacts on the earlier identificaiton of the RedCap UEs.
3. Conclusions
In this contribution, RAN2-led aspects related to RAN1 for RedCap UE are further discussed, and our views are provided.
Proposal 1: Two RedCap UEs types with different key requirements are defined for RedCap in Rel-17. 

Proposal 2: Use case/RedCap UE type orientated RedCap UEs features should be studied and defined.
Proposal 3: Two UE types for FR1 and at least one UE type for FR2 are defined.
Proposal 4: It is clarified that the number of Rx branches of RedCap UEs is explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A. 

Proposal 5: Msg1 is used for the identification of RedCap UE with reduced Rx branches number. 

Proposal 6: Msg3 is used for further identification of the Rx branches number of RedCap UE, if needed.

Observation: The Rx branches number specific access control for RedCap UEs may have impacts on the earlier identificaiton of the RedCap UEs.
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