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1 Introduction
In the RAN# 91e meeting, RedCap WI is revised and approved with the following objectives. [1] 
	· Reduced minimum number of Rx branches:

· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· A means shall be specified by which the gNB can know the number of Rx branches of the UE.

· Maximum number of DL MIMO layers:

· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.

· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.

· 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]

· 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]


In this contribution, we will share our consideration on the aspects on reduced number of Rx branches after the approved revised WID [1] in RAN plenary #91e: 
2 Report of number of Rx
In the updated WID, one objective is to specify a means to enable the gNB to know the number of Rx branches of the UE.  On this objective, two issues need to be addressed. One is how to report the number of Rx and the other is when to report the number of Rx. Since there is strong correlation between the number of Rx and number of maximum MIMO layers as indicated in the objective of the Redcap WID, we will discuss the report of Rx and the maximum MIMO layer together
· Maximum number of DL MIMO layers:

· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.

· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.

In NR Rel_15/16, UEs are not required to report the number of Rx branches, the capability related MIMO is expressed by the parameter of maxNumberMIMO-LayersPDSCH. The maxNumberMIMO-LayersPDSCH defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier. Considering the one to one mapping relationship between number of Rx and the maximum number MIMO layer for specific band or bands, one possible solution is to report the number of Rx implicitly via the report of maximum number of MIMO layers. Alternatively, Redcap devices could report the number of Rx branches and then the maximum number of MIMO layer can be derived accordingly. From our perspective, we think there is no need to report both parameters. Only reporting the number of Rx or maximum number of MIMO layer is sufficient. 
As for the second issue when to report the number of Rx, there are two possible options. One is to report the number of Rx during initial access e.g., via Msg.1 or Msg.3. Another option is to report the number of Rx after initial access. Which option is preferable highly depends on whether dedicated processing/ handling for 1 Rx is imported. For example, there is statement that if certain DL coverage recovery solution is introduced for 1Rx, then early indication of the number of Rx is necessary. Otherwise, report of the Rx after initial access is sufficient.  In our understanding, whether coverage recovery solution e.g., TBS scaling or low MCS is to be applied mainly depends on the experienced channel status, not merely related to the number of Rx. For Redcap devices with 1 Rx located in the cell centre, coverage recovery is not needed actually. 
On the other hand, UE can report 1Rx to network during the random access procedure for gNB to know the number of Rx branches of the UE before UE capability report. Specify functionality might enable the RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and MsgA if supported. In that case, the network might identify not only the RedCap but also 1Rx Redcap UE before UE capability reporting.
For reduced Rx branches in bands from 4 to 2, we do not see the necessity for early indication to gNB specifically. 

Proposal 1: Report either the number of Rx branch or maximum number of MIMO layer
3 Potential enhancement
During the last meeting, potential impact due to Rx reduction/ MIMO layer reduction was discussed including the CSI configuration/ reporting, DCI processing/optimization and PDCCH blocking. 
In our understanding, the existing mechanism for CSI configuration/ reporting can be reused; no big issue is seen due to Rx reduction. 
While for the impact on the PDCCH blocking, reduction of Rx would result in the loss of transmission diversity gain. For Redcap devices with less Rx, higher aggregation level is required to achieve similar coverage performance with normal devices assuming the same DCI payload. Hence, higher PDCCH blocking probability will be increased. To alleviate the negative impact of PDCCH blocking, one possible option is to extend the CORESET capacity by configuring more resource and another direction is to compress the DCI overhead. Considering compact DCI is more beneficial to the resource utilization efficiency, it can be considered as a start point to address the issue of high blocking probability. 
Proposal 2: Study solutions to reduce the PDCCH blocking probability.
4 Conclusion
In this contribution, we have the following proposals:
Proposal 1: Report either the number of Rx branch or maximum number of MIMO layer

Proposal 2: Study solutions to reduce the PDCCH blocking probability.
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