3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108789
e-Meeting, Oct. 11 – Oct. 19, 2021
Agenda Item:	8.17.6
Source:	FUTUREWEI
Title:	UE features for REDCAP
Document for:	Discussion and decision
[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
An initial pass on the RAN1 UE features for Rel-17 NR was provided in [1]. In this contribution we provide comments on the UE features related to the Rel-17 RedCap [2].
Discussions
The proposed RedCap feature groups (FGs) from [1] are shown in the Appendix for convenience. We have three observations with the current formulation.
Observations
1. [bookmark: _Ref83669958]The “Mandatory/Optional” column is missing basic feature-type text such as “A RedCap UE must indicate that this FG is supported”
2. The Early Indication functionality is missing
3. The 256QAM handling is confusing; no new Rel-17 capability signaling is needed
“Basic” features as discussed in [3] were used in the development of the Rel-16 UE features list [4] for a number of features, such as NRU, V2X, and others. Although all features and FG are “optional with capability signalling”, any FG designated as “basic” must be supported by the UE when the feature is supported. In some cases, the FG structure was first decided with a note that stating a FG “may be basic”, and then whether it was basic or not later. The term “basic” itself is just a shorthand, anything equivalent to “the UE must indicate that this FG is supported” for the feature to be used.
For RedCap, the current formulation in [1] is dangerous as it allows RedCap UEs to support Reduced Bandwidth 28-1 but NOT Reduced RX branches 28-2. Further, if the pre-requisite of 28-2 is put into [ ] for discussion, then there is a chance that RedCap UEs could support Reduced RX branches but NOT reduced bandwidth. These combinations are against the letter and spirit of the WID, and should be prohibited in the UE features. One solution is to add “basic” language to the “Mandatory/Optional” column for 28-1 and 28-2. Another solution, which may be a preferred one, is to create a single basic FG (or perhaps one for FR1 and one for FR2) which contains all of the components that a RedCap UE is expected to support. This would include at least include the contents of 28-1 and 28-2, as well as any other basic functionality.
One such missing basic functionality from [1] is the Early Indication functionality. From [2]:
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
Though all UEs are also identifiable as RedCap through the normal capability exchange, it is beneficial (and the intent of the WID) for all UEs to support early indication and be able to use it.
Finally, the way the reduced Modulation is described in the FG table is confusing for several reasons.
· In Rel-15, 256QAM for PDSCH in FR1 is specified as mandatory with capability signaling in FG 1-4. The parameter name is pdsch-256QAM-FR1. In addition, the note states “For FR1, it can be revisited in the future whether the 256QAM is mandated in all UE types or categories”. For FR1, it is better to reuse the existing parameter and add the appropriate statement, such as “For RedCap devices, the feature is optional with capability signaling” instead of creating a new FG.
· Secondly, for 256QAM for PDSCH in FR2, the FG description indicates this feature is optional with capability signaling (parameter pdsch-256QAM-FR2). There is no need to create a new FG for this either. If necessary, a description can be considered.
· A similar comment applies to 256QAM for PUSCH. In FG 1-5, the description indicates the FG is optional with capability signaling (parameter pusch-256QAM), and there is FR1/FR2 differentiation. There is no need to create a new FG. 
· The descriptions of the FGs 28-4 and 28-5 are based on the RAN1#105 agreement “(Table 5.2.2.1-3 in TS 38.214) are supported by a RedCap UE indicating support of 256QAM for PDSCH”. The support of the tables can also be added to the existing descriptions in FG 1-4 and FG 1-5.
· Though FGs 28-4 and 28-5 are not needed, we will also point out that the consequences of not supporting 256QAM of "impact to UE complexity" is misleading as it makes it seem that complexity increases if 256QAM is not supported.

Conclusion
This contribution examined the initial FG proposal for RedCap UEs. We have several observations regarding that proposal.
Observations
1. The “Mandatory/Optional” column is missing basic feature-type text such as “A RedCap UE must indicate that this FG is supported”
2. The Early Indication functionality is missing
3. The 256QAM handling is confusing; no new Rel-17 capability signaling is needed
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Appendix
28. NR_redcap
	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



