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In RAN1#106bis, a discussion for the RAN1 UE features for Rel-17 RedCap was captured in [1]. The resulting feature list [3] for Rel-17 RedCap incorporated some of the comments. In addition, the RAN2 LS on RedCap features [4] was discussed in [2]. In this contribution, we provide comments on the UE features related to Rel-17 RedCap in [3] as well as address Rel-15, Rel-16, and Rel-17 features for the RAN2 LS [4].
Discussion
Rel-17 RedCap feature groups
The RedCap feature groups (FGs) from [3] are shown in the Appendix for convenience. We have four observations with the revised formulation.
Observation 1.
1. FG 28-1 must include a basic feature for a reduced number of Rx branches
2. FG 28-2 must be removed as indicated by RAN2
3. FG 28-5 must be removed since UL 256QAM is not in the WID
4. Capture Early Indication functionality
Basic feature
For RedCap, the current formulation in [3] is dangerous as it allows RedCap UEs to support Reduced Bandwidth 28-1 but NOT a reduced number of RX branches. As we stated in [1], FG 28-1 should simply indicate that a RedCap UE is not 4RX and refer how the existing signaling is used to determine the number of RX branches. Note this statement is also consistent with the FL comment in [2] (yellow highlighting added)
· The WID [1] indicates that the following capabilities are not applicable for RedCap UEs:
· Carrier aggregation
· Dual connectivity
· UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2
· More than 2 UE Rx branches or more than 2 DL MIMO layers
Some ways capture that a RedCap UE does not have 4RX branches are 
· Add the statement “no more than 2RX branches” to the cell that says CA and DC are not supported
· Add the statement “no more than 2RX branches” to the components cell
FG 28-2
FG 28-2 must be removed. According to [4] (yellow highlighting added)
	…
6.	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;



RAN2 specifically agreed NOT to introduce capability signaling for the supported Rx number. With such a clear statement from RAN2, we fail to understand why FG28-2 is still present.
FG 28-5
FG 28-5 “UL 256QAM support for RedCap UE” must be removed as it is not an objective in the WID [5]. In the WID,
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
It is clear UL 256QAM is not discussed for RedCap UEs.
In addition, UL 256QAM is already captured as optional FG 1-5 (RF and RRM features). There is no need to introduce this FG especially since the WID [5] states
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
Early indication
One such missing basic functionality from [3] is the Early Indication functionality. From [5], 
· 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. 
This topic was discussed in [1], but no progress was made. While there may be a debate which working group should capture early indication functionality, RAN2 can modify the capability signaling as they see fit. There are several ways to capture early indication: as a mandatory feature or as part of the basic feature group for RedCap UE. We can accept either.
Features for RedCap UE
The WID stated non-RedCap UE features that included carrier aggregation and dual connectivity are not applicable for RedCap UEs. In addition, in RAN#93, an agreement stating that [6]:
· In Rel-17 there will be no work on any RedCap specific specification update for any of the following:
1. RedCap UEs also supporting V2X/PC5 on n47
2. RedCap UEs operating in unlicensed bands
3. 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:
1. 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. 
In RAN1#106bis, discussions on the RAN2 LS regarding capability signaling [4] were captured in [2]. RAN2 agreed that several features which include NE-DC and (NG)EN-DC, DAPS and CPAC related capabilities, and IAB-related capabilities are not applicable to RedCap UEs. Those features are to be excluded from any RAN1 discussions as it is assumed that RAN2 will mark those features as not applicable.
In the FL summary [2], 5 categories were used to examine the remaining features from the nearly 550+ RAN1 Rel-15 and Rel-16 features: 
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
Some discussions on the 5 categories are presented below
Category#1
Some companies suggested that FG 2-16b [support 1+2 DMRS (uplink)] should not be mandatory with capability signaling because a RedCap UE will not have more than one UL port. This argument was used in the other categories. In our understanding the WID does not preclude more than one Tx branch. As a general rule, for RedCap UEs, RAN1 should not change the FG description for more than one Tx branch (UL port).
Observation 2: The WID does not preclude a RedCap UE from having more than one Tx branch.
Thus, if a manufacturer decides to include more than one UL port, then that device must support FG 2-16b.
Many companies felt that FG 4-12 (HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group) is not applicable since it requires at least 4 Rx ports. 
Proposal 1: FG 4-12 should be identified as an FG not applicable to RedCap UEs
Category#2
It is clear from the WID that RF/RRM 1-4 256QAM for PDSCH is not mandatory for RedCap UEs. This is also being discussed the Rel-17 RedCap FG above. There was discussion a about FG 1-7 (CSI-RS based RLM), FG 2-4a (Additional active TCI state for PDCCH), and FG 2-61 (Additional active spatial relation for PUCCH). Discussions on FG 1-7 should wait on AI 8.6.1.1. For the other two (FG 2-4a and 2-61), unless it is necessary, no changes are suggested.
Category#3
For FG 2-33 (CSI-RS and CSI-IM reception for CSI feedback), FG 2-35 (CSI report framework), and FG 2-51 (TRS (CSI-RS for tracking)), it is not so clear what RAN2 intends to do for FGs which are applicable to RedCap UEs and there is at least one value that a RedCap UE could legitimately report. Should RAN1 should recommend values to RAN2?
Observation 3: Some FGs with value reporting have some values that RedCap could report and some values that they should not report (e.g., related to CA/DC). These FGs remain applicable to RedCap, and it is up to RAN2 whether to note the values that RedCap should not report.
Category#4
It is unclear what features should be identified.
Category#5
Some companies feel FG 6-1a (BWP operation without restriction on BW of BWP(s)) are pending discussion in AI 8.6.1.1. We, along with other companies, are open to considering 5-17a (PDSCH repetitions over multiple slots) as a mandatory feature for RedCap UEs. The feature provides flexibility scheduling as well as providing lower code rates for RedCap UEs.
As part of the examination of this LS reply, we classified the FG into groups for discussion:
Table 1. Features not applicable to RedCap or applicable with possible modifications 
	Applicability to RedCap
	Classification
	FG

	Not applicable
	CA/DC feature, band combination
	1-10, 1-11
2-56
3-8
4-25, 4-26
6-5, 6-5a, 6-6, 6-7, 6-8, 6-9, 6-9a, 6-10, 6-10a, 6-11, 6-12, 6-13, 6-21, 6-22, 6-23, 6-25, 6-25a
9-3
11-2a, 11-2b, 11-2c, 11-2d, 11-2e, 11-2f, 11-2g, 11-7, 11-7a, 11-7b
13-2b, 13-3b, 13-4b, 13-15, 13-15a, 13-19, 13-19a
14-5
16-1b-1, 16-1b-2, 16-1f, 16-x RAN2, 16-z RAN2
19-2
22-1, 22-5a, 22-5b, 22-5c, 22-5d, 22-6, 22-6a, 22-7, 22-7a, 22-7b, 22-7c, 22-10

	Not applicable
	EN/DC feature
	6-24
8-1, 8-2
18-1, 18-1a, 18-1b, 18-4, 18-4a, 18-5, 18-5a, 18-5b, 18-5c, 18-5d, 18-6, 18-6a, 18-7, 18-8, 18-9, 18-2, 18-2a, 18-2b, 18-3, 18-3a, 18-3b, 18-7a, 8-1 (Rel 16)
22-2

	Not applicable
	DAPS
	21-1a, 21-1b, 21-2, 21-2a, 21-2b, 21-2d

	Not applicable
	IAB
	20-2, 20-3, 20-5a, 20-5b, 20-6, 20-7, 20-8

	Applicable
	Some component values based on CA (related to observation 3)
	2-15a, 2-15b, 2-24, 2-31, 2-33, 2-35, 2-36, 2-40, 2-41, 2-43, 2-51, 2-55
5-5a, 5-5c, 5-13, 5-13a, 5-13d, 5-13e
11-9
12-2
13-9f, 13-10f
14-9 (RAN2)
16-1a-1, 16-1g, 16-1g-1
17-1, 17-2
22-8d

	Applicable
	Range of values may need adjustment
	5-5b

	Applicable
	RAN plenary decision for V2X, NRU, SUL
	6-16, 6-17, 6-18, 6-19
9-4
10-x
15-x



The following text proposal can be used as a starting point for a LS reply: 
Text proposal:
RAN1 thanks RAN2 for the agreements related to RedCap capabilities, which appear reasonable from a RAN1 perspective. RAN1 identified RAN1 FGs that are considered not applicable according to RAN2 agreements and provided a list for reference.
RAN1 discussed the other Rel-15/16 capabilities and concluded that they should all remain applicable to RedCap UEs. 

Conclusion
This contribution examined the updated FG proposal for RedCap UEs. We have several observations regarding that proposal.
Observation 1.
1. FG 28-1 must include basic feature for a reduced number of Rx branches
2. FG 28-2 must be removed as indicated by RAN2
3. FG 28-5 must be removed since UL 256QAM is not in the WID
4. Capture Early Indication functionality
This contribution also continued the RAN2 LS on features.
Observation 2: The WID does not preclude a RedCap UE from having more than one Tx branch.
Proposal 1: FG 4-12 should be identified as an FG not applicable to RedCap UEs
Observation 3: Some FGs with value reporting have some values that RedCap could report and some values that they should not report (e.g., related to CA/DC). These FGs remain applicable to RedCap, and it is up to RAN2 whether to note the values that RedCap should not report.
Also, proposed text for the LS reply is provided.
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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.
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







