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1 Introduction
This contribution discusses the UE capabilities for Rel-17 Redcap WI listed in [1]. 
  
2. Discussions
FG 28-2
In RAN1 105-e meeting, the following was agreed:  
	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



In RAN2 115 e-meeting, the following was agreed in offline discussions over email: 
1. Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;

Based on the RAN2 agreement, it is our view that FG 28-2 is not needed. In addition, the existing FG 2-3 maxNumberMIMO-LayersPDSCH is defined as per FSPC, instead of ‘per band’, which should be kept for Redcap UEs. 
Proposal 1: Remove FG 28-2 in [1] and use the capability parameter maxNumberMIMO-LayersPDSCH (FG2-3) in the existing UE capability framework to indicate MIMO layers and Rx branches as agreed by RAN1 and RAN2. 
Proposal 2: Add a note in 38.306 for maxNumberMIMO-LayersPDSCH IE that is also used to indicate the number of Rx branches supported by the Redcap UE.

FG 28-4
In Rel-15, support of 256QAM for PDSCH is mandatory feature with capability for FR1 and is optional with capability signalling for FR2. Hence, the capability IE pdsch-256QAM-FR1 (FG1-4) was introduced since Rel-15 and can be used for Redcap UE naturally. What needs to be modified for Redcap is to change it from ‘Mandatory’ to ‘optional’, which can be achieved by adding a note in TS 38.306. Note that, creating a new IE FG28-4 cannot avoid adding ‘note’ for legacy FG 1-4 for Redcap as ‘mandatory with capability for FR1’ is not valid for Redcap anymore. Instead adding note to revoke the existing FG 1-4 for Redcap in FR1 and add a new FG 28-4, it is a simpler and clean way to add a note for FG 1-5 without introducing new FG 28-4. For FR2, the FG 1-4 can be reused as it has been optional feature even for eMBB UEs in Rel-15. 
Proposal 3: Remove FG 28-4 in [1] and add a note for the existing FG1-4 (pdsch-256QAM-FR1) to be optional for Redcap 

FG 28-5
Similarly, support of 256QAM for PUSCH is an optional feature for Rel-15 eMBB UEs, which is indicated by FG 1-5 (pusch-256QAM). The FG 1-5 can be fully reused for Redcap without differentiating from legacy UEs on this aspect. 
Proposal 4: Remove FG 28-5 in [1]. 

FG 28-x
As discussed in our companion paper [2], we propose to introduce an optional UE feature FG 28-x to indicate the support of DL BWP without SSB in RRC_CONNECTED state, analogous to legacy FG 6-1A. 
Proposal 5: Introduce a new FG 28-x that is used to indicate the support of a UE-specific DL BWP without SSB when UE is in RRC_CONNECTED state.  

Others
Our view on early Indication functionality for Redcap devices is that it can be defined and captured in RAN2-led UE features since the entire feature is led by RAN2 as captured in WID. Hence, it is reasonable not to include it in the RAN1 FG list. 


3. Conclusion 
Based on the discussions in the previous sections, we made the following proposal: 
Proposal 1: Remove FG 28-2 in [1] and use the capability parameter maxNumberMIMO-LayersPDSCH (FG2-3) in the existing UE capability framework to indicate MIMO layers and Rx branches as agreed by RAN1 and RAN2. 
Proposal 2: Add a note in 38.306 for maxNumberMIMO-LayersPDSCH IE that is also used to indicate the number of Rx branches supported by the Redcap UE.
Proposal 3: Remove FG 28-4 in [1] and add a note for the existing FG1-4 (pdsch-256QAM-FR1) to be optional for Redcap 
Proposal 4: Remove FG 28-5 in [1]. 
Proposal 5: Introduce a new FG 28-x that is used to indicate the support of a UE-specific DL BWP without SSB when UE is in RRC_CONNECTED state.  
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	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling

	 28. NR_redcap
	28-2
	Number of UE Rx branches and DL MIMO layers for RedCap UE
	1. For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
2. For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	No
	[No]
	
	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.
	Optional with capability signaling

	28. NR_redcap
	28-3
	Half-duplex FDD operation for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling

	 28. NR_redcap
	28-4
	DL 256QAM support for RedCap UE
	1. Support of 256QAM for PDSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PDSCH for RedCap UE
3. Support of CQI table 2 (Table 5.2.2.1-3 in TS 38.214) for RedCap UE
	28-1
	Yes
	
	Impacts on UE complexity and DL link performance at high SNR
	[Per band]
	No
	[No]
	
	For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH.
	Optional with capability signaling

	 28. NR_redcap
	28-5
	UL 256QAM support for RedCap UE
	1. Support of 256QAM for PUSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PUSCH for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity and UL link performance at high SNR
	[Per band]
	No
	[No]
	
	For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH.
	Optional with capability signaling



