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1 Introduction
In RAN1 106bis e-meeting, the following agreement was made for Redcap UE features:
	Agreement
FG 28-1 is kept as “RedCap UE” as follows.
	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.
FFS whether to add any other basic features for RedCap UE
	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling


Note that yellow highlight means FFS and to be discussed further. These parts are provides as placeholders.

Agreement
FG 28-3 is kept as “Half-duplex FDD operation type A for RedCap UE” as follows.
	28. NR_redcap
	28-3
	Half-duplex FDD operation type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling


Note that yellow highlight means FFS and to be discussed further. These parts are provides as placeholders.

Agreement
FG 28-1 is supported as a basic FG for RedCap UE
· It is clarified in the column of “Mandatory/Optional”

Agreement
The sentence in “Consequence if the feature is not supported by the UE” in FG28-1 is revised as “Network assumes the UE is not a RedCap UE”

Agreement
The sentence in “Consequence if the feature is not supported by the UE” in FG28-3 is revised as “UE is assumed to support FD-FDD in FDD bands”

Agreement
· FG 28-4 is removed
· RedCap UE supports FG1-4 (256QAM for PDSCH) as optional with capability signalling both for FR1 and FR2
· Add a note in FG 1-4 (256QAM for PDSCH) that “For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH”




This contribution discusses the open issues related to UE capabilities for Rel-17 Redcap WI listed in [1]. 
  
2. Discussions
2.1	Rel-17 Redcap UE features
FG 28-1
One FFS aspect for FG 28-1 is whether to add other UE features. In our view, there is no need to merge FG 28-2 and FG 28-3 into basic group FG 28-1 to provide desirable implementation flexibility for Redcap UEs to fulfil different peak data rate use cases and market demand. In addition, it should be noted that support of 1 Rx cannot be basic feature required for Redcap as UE implemented with 2 Rx does not necessarily meet the 1 Rx requirement. In addition to reduced BW, other basic FGs (e.g., support early indication of Redcap UE, NCD-SSB in a separate BWP etc.) can be merged into FG 28-1. 
Regarding the type of FG 28-1, we prefer to define it as ‘per Band’, which offers important flexibility for UE in terms of Redcap capability report considering the testing differences in licensed, unlicensed, NTN bands as well as FR1/FR2 bands.   
Proposal 1: Consider adding the following basic FGs into FG 28-1: 
· Early indication of Redcap UE by separate PRACH resource or PRACH preamble or Msg3 in 4-step RACH procedure in a shared initial UL BWP (if not included in RAN2 FG list)
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· NCD-SSB in a sperate initial DL BWP that does not include CD-SSB.
Proposal 2: The type of FG 28-1 is defined as ‘per Band’. 

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, our view is that the FG 28-2 in [1] 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 3: 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 4: 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 28-5
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. One concern has been raised in RAN1 106 bis e-meeting is how the specifications captures the earlier agreement that (for both FR1 and FR2) that 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH. This can be simply captured as one note for Redcap UE in FG 1-5. Regarding the feature type, FG 1-5 is defined as ‘per band’ in legacy and desirable for Redcap UE as well.  
Proposal 5: Remove FG 28-5 in [1] and add a note for the FG 1-5 that for Redcap UE, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH. 
FG 28-x
As discussed in our companion paper [3], 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 6: 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.  

2.2	Rel-15/16 features for RedCap UEs
The LS from RAN2 [4] asks RAN1 and RAN4 whether there are any Rel-15/16 UE features or capabilities which should not be applicable for RedCap UEs. 
The following capabilities are not applicable for Redcap UE based on the approved WID [2]: 
· Carrier aggregation
· Dual connectivity
· UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2. 
In addition, RAN #93-e made the following agreements for V2X/PC5, unlicensed band and SUL support for Redcap UE after extensive discussions: 
	· In Rel-17, there will be no work on any RedCap specific specification update for any of the following:
· RedCap UEs also supporting V2X/PC5 on n47
· RedCap UEs operating in unlicensed bands
· RedCap UEs supporting SUL 
· The specification will not contain any explicit restriction to prevent implementation of RedCap UEs with these features.
· Note: The consequence of this agreement would be:
· If any spec change/addition is found necessary in order to enable one of the options above, then it will not happen in Rel-17



The Rel-15/16 UE features were categorized into five groups by moderator to facilitate the discussions as follows: 
1. Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs
2. Mandatory features for non-RedCap UEs that are optional for RedCap UEs
3. Mandatory features for non-RedCap UEs that are supported for RedCap UEs but with different value
4. Optional features for non-RedCap UE that are not applicable for RedCap UE
5. Optional features for non-RedCap UE that are mandatorily supported for RedCap UE
Table 1 summarized our views on the Rel-15/16 UE features in different categories:
Table 1: Rel-15/16 features for RedCap UEs
	Index 
	Description 
	FG list 

	1
	Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs
	· FG 1-10 (EN-DC related)
· FG 4-12 (requires >4 layers)
· FG 6-13 (LTE-NR DC related)
· FG 8-1 (LTE-NR DC related)
· FG 8-2 (LTE-NR DC related)

	2
	Mandatory features for non-RedCap UEs that are optional for RedCap UEs
	· FG 1-4 (PDSCH 256QAM)
· FG 1-7 (CSI-RS based RLM)
· FG 2-4a (Additional active TCI state for PDCCH)
· FG 2-16b (Support 1+2 DMRS (uplink) for more than one port)
· FG 2-55 (SRS Tx switch)
· FG 2-61 (Additional active spatial relation for PUCCH)

	3
	Mandatory features for non-RedCap UEs that are supported for RedCap UEs but with different value
	· FG 2-33 (removing CA related component)
· FG 2-35 (removing CA related component)
· FG 2-51 (removing CA related component)

	4
	Optional features for non-RedCap UE that are not applicable for RedCap UE
	CA related features:
· FG 2-56 (SRS carrier switch)
· FG 4-25 (Parallel SRS and PUCCH/PUSCH transmission across 
CCs in inter-band CA)
· FG 4-26 (Parallel PRACH and SRS/PUCCH/PUSCH  transmissions across CCs in inter-band CA)
· FG 4-27 (More than one group of overlapping channels for control 
multiplexing)

Wideband operation for NRU features (>20MHz)
· FG 10-20 (Support search space set configuration with freqMonitorLocation-r16)
· FG 10-29 (Support available RB set indicator field in DCI 2_0)

Support of Rank 3,4
· FG 16-3a-3 (Support of Rank 3,4)
· FG 16-3b-2 (Support of Rank 3,4)

	5
	Optional features for non-RedCap UE that are mandatorily supported for RedCap UE
	None



Proposal 7: Adopt the FGs listed in Table 1 for RAN2 LS reply for Rel-15/16 UE features for Redcap UEs. 

3. Conclusion 
Based on the discussions in the previous sections, we made the following proposal: 
Proposal 1: Consider adding the following basic FGs into FG 28-1: 
· Early indication of Redcap UE by separate PRACH resource or PRACH preamble or Msg3 in 4-step RACH procedure in a shared initial UL BWP (if not included in RAN2 FG list)
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· NCD-SSB in a sperate initial DL BWP that does not include CD-SSB.
Proposal 2: The type of FG 28-1 is defined as ‘per Band’. 
Proposal 3: 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 4: 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 5: Remove FG 28-5 in [1] and add a note for the FG 1-5 that for Redcap UE, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH. 
Proposal 6: 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.  
Proposal 7: Adopt the FGs listed in Table 1 for RAN2 LS reply for Rel-15/16 UE features for Redcap UEs. 
Table 1: Rel-15/16 features for RedCap UEs
	Index 
	Description 
	FG list 

	1
	Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs
	· FG 1-10 (EN-DC related)
· FG 4-12 (requires >4 layers)
· FG 6-13 (LTE-NR DC related)
· FG 8-1 (LTE-NR DC related)
· FG 8-2 (LTE-NR DC related)

	2
	Mandatory features for non-RedCap UEs that are optional for RedCap UEs
	· FG 1-4 (PDSCH 256QAM)
· FG 1-7 (CSI-RS based RLM)
· FG 2-4a (Additional active TCI state for PDCCH)
· FG 2-16b (Support 1+2 DMRS (uplink) for more than one port)
· FG 2-55 (SRS Tx switch)
· FG 2-61 (Additional active spatial relation for PUCCH)

	3
	Mandatory features for non-RedCap UEs that are supported for RedCap UEs but with different value
	· FG 2-33 (removing CA related component)
· FG 2-35 (removing CA related component)
· FG 2-51 (removing CA related component)

	4
	Optional features for non-RedCap UE that are not applicable for RedCap UE
	CA related features:
· FG 2-56 (SRS carrier switch)
· FG 4-25 (Parallel SRS and PUCCH/PUSCH transmission across 
CCs in inter-band CA)
· FG 4-26 (Parallel PRACH and SRS/PUCCH/PUSCH  transmissions across CCs in inter-band CA)
· FG 4-27 (More than one group of overlapping channels for control 
multiplexing)

Wideband operation for NRU features (>20MHz)
· FG 10-20 (Support search space set configuration with freqMonitorLocation-r16)
· FG 10-29 (Support available RB set indicator field in DCI 2_0)

Support of Rank 3,4
· FG 16-3a-3 (Support of Rank 3,4)
· FG 16-3b-2 (Support of Rank 3,4)

	5
	Optional features for non-RedCap UE that are mandatorily supported for RedCap UE
	None
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4/4
	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.
FFS whether to add any other basic features for RedCap UE
	
	Yes
	
	Network assumes the UE is not a RedCap UE
	Per UE
	No
	No
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling
RedCap UE must indicate this FG is supported

	 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 type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	Yes
	
	UE is assumed to support FD-FDD in FDD bands
	Per band
	FDD only
	FR1 only
	
	
	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



