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1 Introduction
In RAN1 104 e-meeting, the following agreements were reached [2]: 
	Agreements:
· [bookmark: _Hlk67317898]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:
· [bookmark: _Hlk67317840]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 the RAN 91e-meeting, number of reduced Rx branches for Redcap was continuously discussed. Good progress was made and the following consensus was reached: 
	· 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.
· 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 RAN1 #104bis e-meeting, extensive discussions for each individual case were carried out and the following was agreed for HD-FDD operation [3]:  
	Agreements:
· At least using UE capability report according to the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # 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 
[bookmark: OLE_LINK1]
Agreements:
· Reuse 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.




In this contribution, we discuss remaining issues related to operate Redcap device with reduced number of Rx branches for Redcap according to the RAN1 104bis agreements.  
2. Discussions
2.1 Number of Rx Branches reporting
Based on RAN1 104 bis e-meeting [3], It is FFS whether/how to support earlier indication of Rx branches for Redcap UEs by Msg1 and/Msg3, and MsgA. If supported, whether introduces network configurability via SIB1 for this early indication. Note that the earlier identification function, per WID [1], mainly targets to differentiating the Redcap from none-Redcap UEs, which is desirable such that Msg3 for Redcap UE can be specifically handled to improve the coverage performance given the fact that it was observed as one bottleneck channel for Redcap UEs in rural 0.7GHz scenario, as captured in TR 38.875. However, for a Redcap with 1 Rx or 2Rx and normal DL PSD (33dBm/Hz), the observed coverage performance of DL reception based on evaluation results is still better than that of identified bottleneck channel of normal NR device (i.e., PUSCH). Therefore, no coverage recovery for DL enhancement was added into the approved WID [1]. It is the reason why the ‘Note’ in WID is limited to ‘uplink’ only by reusing the solution of CE WI. In other words, there is no need to differentiate Redcap device with 1Rx and 2Rx for coverage recovery purpose in initial access stage. 
	Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 



Another motivation pointed out by proponents in the past RAN1 meeting is to facilitate the cell/frequency barring operation at the gNB side. One objective in WID [1] related to this target is as follows:
	· [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 our opinion, using SIB information to indicate the cell access barring has provided gNB the flexibility to efficiently control which type of Redcap UE (e.g., 1Rx vs. 2Rx) can camp on the cell depending on the number of Rx branches. In particularly, assuming the number of Rx branches is reported by UE capability only, it is still possible for gNB by updating the SIB1 configuration to enable or disable the cell access of 1 Rx Redcap device based on the number of this type of UEs and the spectrum utilization status. 
In addition, distinction between 1 Rx and 2 Rx in addition to Redcap and non-Redcap differentiation may lead to additional overhead caused by reserving more RACH resources. If the benefit of 1 Rx vs. 2Rx is to improve spectrum efficiency for Msg2/Msg4 PDCCH/PDSCH transmission for 2 Rx UE, it is our view that the practical benefit would be rather limited and negligible since it supposed to occur relatively rarely. 
We therefore propose the following: 
Proposal 1: Earlier identification of Redcap UEs with number of Rx branches by Msg1 and/or Msg3, and MsgA is not supported. 

In RAN1 104bis e-meeting, it was agreed to use UE capability report according to the existing framework to report the number of Rx branches to the gNB. However, it remains open how to report it i.e., whether implicitly based on existing IE or explicitly by introducing new IE. In Rel-15/16, UE reports the maximum number of DL spatial multiplexing layers supported by the UE (using the parameter maxNumberMIMO-LayersPDSCH) and perform CSI reporting accordingly. According to the WID [1], further relaxation of supported MIMO layers is not supported, and the maximum number of DL MIMO layers always equals to the number of Rx branches equipped at the Redcap UEs. 
	· 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.



With this coupling between #MIMO layers and # Rx branches for a given Redcap UE, it seems nature to implicitly indicate the #Rx branches of Redcap UEs implicitly by reusing the reported #MIMO layer via the existing capability parameter ‘maxNumberMIMO-LayersPDSCH’ such that the signaling overhead and specification impacts are minimized.
Proposal 2: The number of Rx branches is implicitly reported to gNB by using the existing capability parameter ‘maxNumberMIMO-LayersPDSCH’

2.2. Others
Another FFS aspect related to the reduced number of Rx and MIMO layers, especially for UE capable of 1 Rx, is whether to modify non-fallback DCI format 1_1 or 1_2 that is transmitted in USS. 
Table 2 listed a few MIMO-related fields that is potentially reduced its size and the corresponding minimizing the PDCCH overhead. 
Table 2: MIMO-related fields in DCI format 1_1 and 1_2
	Field
	Bit numbers
	Comments

	TB1
	MCS
	5
	

	
	NDI
	1
	

	
	RV
	2
	

	TB2
	MCS
	5
	Only present if maxNrofCodeWordsScheduledByDCI equals 2):

	
	NDI
	1
	

	
	RV
	2
	

	Antenna port(s)
	4, 5, or 6 bits
	


For Redcap UE capable of only 1 or 2 Rx branches and MIMO layers, TB2 is always disabled. In Rel-15/16, one RRC parameter ‘maxNrofCodeWordsScheduledByDCI’ was introduced, which allows network to enable/disable the MCS/NDI/RV fields by RRC signalling such that the DCI overhead is minimized. One possible way to reduce RRC signalling overhead is explicitly written down in specification that Redcap devices always assume MCS/ NDI/RV of the TB2 is not presence such that maxNrofCodeWordsScheduledByDCI signaling is not needed.    
Proposal 3: Consider capturing in physical specification TS 38.212 that Redcap UE always assume MCS/NDI/RV of TB2 is not presence to avoid the need of RRC signaling.  


3. Conclusion 
In this contribution, we have presented our views on the reduced number of Rx branches for Redcap. Based on the discussions, we proposed the following: 
Proposal 1: Earlier identification of Redcap UEs with number of Rx branches by Msg1 and/or Msg3, and MsgA is not supported. 
Proposal 2: The number of Rx branches is implicitly reported to gNB by using the existing capability parameter ‘maxNumberMIMO-LayersPDSCH’
Proposal 3: Consider capturing in physical specification TS 38.212 that Redcap UE always assume MCS/NDI/RV of TB2 is not presence to avoid the need of RRC signaling.  
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