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1 Introduction
In RAN1 104bis e-meeting, the following agreements were reached [1]: 
	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 RAN1 #105 e-meeting, extensive discussions were carried out on a variety of issues e.g., how to report number of Rx branches and DCI format support for Redcap UEs. The following was agreed at the end of discussions [2]:  
	Agreement:
· Redcap UE is mandated to support at least DCI format 0_0/1_0.

Agreement:
For UE capability signalling, the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework.
· Detailed signalling is up to RAN2

Conclusion
· No consensus to support early identification of the number of Rx branches in Msg1/Msg3/MsgA for Redcap UE in Rel-17

Agreement:
Regarding DCI format 0_1/1_1 and DCI format 0_2 and 1_2, 
· DCI format 0_1/1_1 are mandatory as in legacy. DCI 0_2/1_2 are optionally supported. 




In this contribution, we discuss remaining issues related to operate Redcap device with reduced number of Rx branches according to the RAN1 105 agreements.  
2. Discussions
2.1 On PDCCH Blocking Rate Reduction
Reducing the number of Rx branches degrades the link performance and coverage. Therefore, for a given PDCCH BLER-performance target, higher ALs may be needed for RedCap UEs to compensate for the coverage loss. Generally, the PDCCH blocking rate increases when higher ALs are used. Hence, reducing the number of Rx branches may result in a higher PDCCH blocking rate for a CORESET that is shared between Recap and non-Redcap UEs. 
In RAN1 105 e-meeting, a list of candidate solutions was brough up by companies to address this issue [3]:  
· Alt.1: Separate (initial) DL BWP
· Alt.2: multi-UE scheduling
· Alt.3: multi-TB scheduling
· Alt.4: link adaptation for PDCCH. 
One potential PDCCH congestion scenario is that CORESET#0 may become congested when a huge amount of Redcap and non-Redcap UEs to access the networks and share the initial DL BWP. To mitigate the problem, it can be useful to support separate initial DL BWP for Redcap UE (i.e., Alt.1). To make it useful, the separate initial DL BWP configured by SIB1 should be applicable before RRC connection complete such that the Msg2/Ms4 and their scheduling DCIs for RedCap can be offloaded to the configured initial DL BWP.  
Alt.2 and Alt.3 mainly targets the RRC-CONNECTED UEs to minimize the control signalling assuming the traffic profiles are similar e.g., industrial sensor. As one example, a single DCI maybe used to activate the DL SPS and/or UL CG-PUSCH for a same UE or multiple UEs to minimize the signalling overhead and minimize the blocking rate. Multi-TB scheduling maybe beneficial for industrial senses due to the property of non-delay-sensitive. On the other hand, it was observed that the number of simultaneously scheduled RRC-CONNECTED UE is expected to be 1 or 5 according to the agreed traffic model. The use cases of Alt.2/Alt.3 need to be justified further. Furthermore, multi-PDSCH/multi-PUSCH scheduling are being specified in other Rel-17 WI, e.g., above 52.6GHz frequency. Therefore, it seems sufficient to further discuss whether Redcap UE can optionally support these features in UE feature discussion.    
Regarding Alt.4, LA for PDCCH by properly selecting a suitable aggregation level for each MO is possible by utilizing the CSI feedback from a UE. Although the CSI is computed based on BLER for PDSCH, it can be exploited by gNB to determine the ALs of PDCCH. Our view is that the benefit of introducing new PDCCH-specific link adaption scheme to reduce the PDCCH blocking rate was not well justified yet and currently is unclear. 
Proposal 1: Support separate initial DL BWP with additional CORESETs for Redcap UES that is used for Msg2/Msg4/scheduling DCI during initial access procedure. 

2.2. Potential Modification on existing DCI Formats 
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 1 listed a few MIMO-related fields that is potentially reduced its size and the corresponding minimizing the PDCCH overhead. 
Table 1: 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 2: 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: Support separate initial DL BWP with additional CORESETs for Redcap UES that is used for Msg2/Msg4/scheduling DCI during initial access procedure. 
Proposal 2: 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.  









References
[1]. RAN1 104bis e-meeting Chairman notes 
[2]. RAN1 105 e-meeting Chairman notes
[3]. R1-2106333	 FL summary #4 for reduced number of Rx branches for RedCap  Moderator (Apple)
	


4/4
