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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#104-e meeting, following agreements were made for the reduced number of Rx branches [1]:
	Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)


In addition, related to the reduced minimum number of Rx branches, RAN#91-e meeting further agreed to update the RedCap scope as following [2]: 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
[…]
· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.
[…]
· 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]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]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, we provide our views on about the reduced number of Rx branches. 

2. Reduced number of Rx branches 
2.1. Necessity for PDCCH blocking reductions 
In the last RAN1 meeting, some discussions on whether there is a need to specify solutions to reduce the PDCCH blocking rate in case that the same CORESET is shared between the RedCap UEs with reduced number of Rx branches and the legacy UEs, and RedCap UEs use the higher PDCCH aggregation levels. 
However, we think the impacts on legacy UEs, in terms of PDCCH blocking rate can be well controlled by network’s proper configuration and access control mechanisms because a means will be specified by which the gNB can know the number of Rx branches of the UE. For example, based on network deployment strategy, a system information indication specific to the number of Rx branches of the UE can be used to prevent RedCap UE from camping on the cell/frequency if the RedCap UEs with 1Rx branch has big impacts for the system capacity and/or legacy UEs. As discussed in our companion contribution [3], during and/or after the initial access, to avoid/reduce the impacts on legacy UEs, separate CORESETs can be configured for RedCap UEs. Even if the same CORESET is shared for RedCap and legacy UEs, by early identification and/or UE’s capability reporting, network can always prioritize the scheduling of legacy UEs over the RedCap UEs. In fact, the PDCCH blocking due to the reduced number of Rx has been discussed during SI phase without recommendation. As clearly captured in the TR 38.875 [4] that “The potential impacts on legacy UEs, in terms of PDCCH blocking rate, when coexisting with RedCap UEs in a shared CORESET depend on the scheduling strategy and system parameters. Depending on the network implementation, if legacy UEs are prioritized over RedCap UEs, there is no coexistence impact on the legacy UEs at the cost of increased latency at the RedCap UE side”. Therefore, no strong justification is found to specify any solutions to reduce the PDCCH blocking and it is also not efficient or necessary to re-open such discussion. 
Proposal 1: There is no need to specify PDCCH blocking reduction solutions specific to redcap UEs. 
2.2. Reporting of UE antenna related information 
About the need for reporting of UE antenna related information to gNB, it is necessary for gNB to know about the information including the number of antenna branches, polarization and the number of panels etc. By UE capability inquiry and report after initial access, the gNB can know the complete antenna related information. One discussion point is whether it is necessary for gNB to know the number of antenna branches during the initial access. This is also related to the usage of the early identification as one objective listed in the WID that the functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3.
During the RAN#91-e meeting discussion, some companies think early identification is mainly used for differentiating the RedCap and non-RedCap UEs so that different scheduling decisions can be made. However, some companies think the early identification can be used to further differentiate within RedCap UEs, for example to differentiate RedCap UEs with 1Rx and 2Rx. During the SI phase and RAN1#91-e meeting discussions, no DL coverage enhancements are agreed for RedCap with minimum 1 Rx branch. For initial access, conservative scheduling, power boosting, TB scaling and/or HARQ-based retransmission for Msg.4 are all available to enhance the DL channel performance. Hence, it is not necessary to further differentiate UEs within the RedCap during the initial access. Besides, if the information carried by early indication is not just binary information but rather multiple combinations related to the detailed feature reductions, it increases Msg.1 or Msg.3 overhead and is not forward compatible. Therefore, from our perspective, if early identification is needed during the initial access procedure, it is sufficient and desirable to convey the information only on RedCap or non-RedCap UE for scheduling strategy optimization. In addition, for early identification, it is not necessarily specifying multiple solutions for the same purpose. 
Proposal 2: UE antenna related information including the number of Rx antenna branches, should be reported to gNB by UE capability signaling.
Proposal 3: If early identification of redcap/non-redcap UE is necessary, RAN1 to down-select between Msg1 or Msg3 based indication. 
3. Conclusion
This contribution discusses the reduced number of Rx branches for RedCap UEs. The proposals are summarized as following:
Proposal 1: There is no need to specify PDCCH blocking reduction solutions specific to redcap UEs. 

Proposal 2: UE antenna related information including the number of Rx antenna branches, should be reported to gNB by UE capability signaling.
Proposal 3: If early identification of redcap/non-redcap UE is necessary,  RAN1 to down-select between Msg1 or Msg3 based indication. 
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