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1 Introduction
In RAN plenary 91-e meeting, a few pending issues were discussed and addressed, including the reduced number of Rx branches for the frequency band that requires 4 Rx for legacy devices. The following updated objective was agreed in [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.
· [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.
· 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 RAN1 #104 e-meeting, the following was agreed related to reduced Rx branches and MIMO layers [2]: 
	Agreements:
· For relaxed maximum number of DL MIMO layers: 
· FFS: need for modification of DCI fields/formats
· FFS: need for modification of CSI measurement/reporting

Agreements:
· The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap UEs
Agreements:
· The CQI tables currently defined are re-used for RedCap UEs.
· FFS mandatory/optional of the CQI tables
· There is no new CQI table to be introduced for RedCap UEs





In this contribution, we discuss the remaining issues related to reduced number of Rx branches and MIMO layers for Redcap devices.  
2. Discussion
Based on the revised WID [1] in RAN plenary 91-e meeting, Table 1 summarizes the reduced number of Rx branches required for Redcap device. 
Table 1: Number of Rx branches for Redcap devices
	
	FR1
	FR2

	Number of Rx branches
	1,2
	1

	Maximum number of DL MIMO layers
(Same as the reported Rx branches)
	1 (1 Rx branch), 
2 (2 Rx branches)
	1



One of the new objectives added into [1] related to reduced number of Rx branches is to specify a mean which allows gNB to know the number of Rx branches of the Redcap device for FR1. In our view, the simplest and most straightforward ways is to report supported Rx branches number as part of Redcap capability report.  
Proposal 1: Report the number of Rx branches as part of Redcap device capability report. 

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 so as to minimize the DCI overhead. 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.  

Support of 1 Rx and 1 MIMO layer also makes it possible to further reduce the field size of ‘Antenna port(s)’ IE. One example was provided in Table 3 assuming 1-symbol Type-1 DMRS with one TB being enabled. As commented in the last column. The field size of ‘Antenna Ports’ can be reduced from 4 to 3 bits. On the other hand, the benefit by reducing 1-bit overhead for several tens of bits DCI format 1_1 maybe marginal and even marginal when turns into the practical number of CCEs to carry PDCCH. On the contrary, it requires gNB to maintain two different DMRS antenna ports tables for different UE types. 
Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Comments

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	

	0
	1
	0
	

	1
	1
	1
	

	2
	1
	0,1
	Can be omitted

	3
	2
	0
	

	4
	2
	1
	

	5
	2
	2
	

	6
	2
	3
	

	7
	2
	0,1
	Can be omitted

	8
	2
	2,3
	

	9
	2
	0-2
	

	10
	2
	0-3
	

	11
	2
	0,2
	

	12-15
	Reserved
	Reserved
	




3. Conclusion 
In this contribution, we have presented our views on open issues related to reduced Rx branches and MIMO layers for Redcap devices. Based on the discussions above, the following was proposed: 
Proposal 1: Report the number of Rx branches as part of Redcap device capability report. 
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.  
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