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Introduction
In RAN#91e meeting, Rel-17 work item on support of reduced capability NR devices [1] has been revised. The WID has the following objective to specify support for reduced minimum number of Rx branches. 
	· 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.



In this contribution, we discuss some views on the reduced minimum number of Rx branches.
[bookmark: OLE_LINK1]Discussions
Reporting of the number of Rx branches of UEs
In the revised WID, a means shall be specified by which the gNB can know the number of Rx branches of the UE. In RAN1 104bis e-meeting [2], two options, i.e. using UE capability report (option 1) and using earlier indication by Msg1 or Msg 3 (option 2), on how let gNB know the number of Rx branches of the UE were discussed. Eventually, the option 1 was agreed and option 2 is kept as FFS as below.
	Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support Using earlier indication of Redcap UEs with # Rx branches the number of Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported The need of selection by SIB1 between earlier indication and UE capability report 




Regarding the FFS on whether/how to support earlier indication of RedCap UEs with #Rx branches by Msg1 and/or Msg3, and MsgA, as specified in our companion contribution [3], we failed to see much motivations on supporting the earlier indication to distinguish the number of Rx branches. Therefore, the agreed option 1, i.e. using UE capability report is sufficient to indicate the number of Rx branches.   
Proposal 1: No earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA is supported.
Regarding the agreed UE capability report, whether using implicit indication or explicit indication is under discussion. Implicit indication by reusing UE capability parameter maxNumberMIMO-LayersPDSCH in Rel-15/16 is proposed to report the number of Rx branches. In Rel-15/16, maxNumberMIMO-LayersPDSCH is used to define the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. 
For RedCap UEs, the maximum number of DL MIMO layers was agreed to be same as the number of Rx branches. Therefore, network can derive information of the number of Rx branches for a RedCap UE according to its reported maxNumberMIMO-LayersPDSCH. By reusing the maxNumberMIMO-LayersPDSCH, RAN2 may not need to define a new capability field to report the number of Rx branches. Details of implicit capability design can be discussed in RAN2.
Proposal 2: Implicit indication of the number of Rx branches by reusing UE capability parameter maxNumberMIMO-LayersPDSCH can be considered.
Reusing the existing DCI formats
In order to reduce the potential PDCCH blocking probability, the following agreement was reached [2].
	Agreements:
· Reuse at least the existing DCI formats 0_x/1_x (including Rel-16 DCI format 0_2/1_2) applicable to Redcap devices as a starting point.  
· FFS Whether and how potential modification on fields of existing DCI formats is considered to reduce PDCCH block issue, if any.
· FFS: Which DCI formats are mandatory for the RedCap UEs to support.




The existing DCI formats in Rel-15/16 includes DCI formats 0_0/1_0/0_1/1_1/0_2/1_2. Support of DCI formats 0_0/1_0 should be mandatory for Rel-15 UEs in order to receive system information and perform initial access. Additionally, monitoring DCI formats 0_1/1_1 is mandatory for Rel-15 UEs as well. DCI formats 0_1/1_1 in Rel-15 were designed to adapt to the characteristics of the eMBB traffic. On the other hand, DCI formats 0_2/1_2 had been introduced in Rel-16 and designed to adapt to the characteristics of the URLLC traffic. Compared to DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 is flexible in terms of much more configurable DCI fields sizes. There is no need to mandate RedCap UEs to simultaneously support DCI formats 0_1/1_1 and 0_2/1_2. Moreover, use case specific requirements in WID [1] for RedCap UEs may not necessarily harvest MIMO gains dedicated to the eMBB characteristics. Moreover, DCI formats 0_2/1_2 can achieve the full flexibility as DCI formats 0_1/1_1 except those fields related to second TB and CBG design, which are not needed for RedCap UEs. Therefore, considering use case requirements for RedCap UEs and the flexible field size design of DCI formats 0_2/1_2, support of DCI formats 0_2/1_2 can be mandatory for RedCap UEs while support of DCI formats 0_1/1_1 may not be needed for RedCap UEs.  
Proposals 3: DCI formats 0_0/1_0 should be mandatory for RedCap UEs to support.
Proposals 4: DCI formats 0_2/1_2 should be mandatory for RedCap UEs to support while DCI formats 0_1/1_1 are not necessary for RedCap UEs to support.
Conclusion
In this contribution, we have discussed the UE complexity reduction features on reduced minimum number of Rx branches and have the following proposals:
Proposal 1: No earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA is supported.
Proposal 2: Implicit indication of the number of Rx branches by reusing UE capability parameter maxNumberMIMO-LayersPDSCH can be considered.
Proposal 3: DCI formats 0_0/1_0 should be mandatory for RedCap UEs to support.
[bookmark: _GoBack]Proposal 4: DCI formats 0_2/1_2 should be mandatory for RedCap UEs to support while DCI formats 0_1/1_1 are not necessary for RedCap UEs to support.
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