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1	Introduction
[bookmark: _Toc67770514]This contribution concerns the new RAN1 UE features associated with the Rel-17 WI on support of reduced capability (RedCap) NR devices [1].
Current Rel-16 UE capability definitions and UE feature lists can be found in [2][3]. Some guidelines provided by RAN2 during the work with the Rel-16 UE feature list can be found in [4][5][6].
Based on agreements made so far for RedCap [7], RAN1 discussed the UE feature list for RedCap [8], resulting in the UE feature list captured in [9], which has been copied into the Annex of this contribution for convenience.
Furthermore, RAN2 has sent an LS to RAN1 [10] to ask RAN1 whether there are any Rel-15/16 UE features or capabilities which should not be applicable for RedCap UEs. RAN1 has had initial discussions on this topic in the previous meeting, captured in [11].
[bookmark: _In-sequence_SDU_delivery]2	RedCap features
2.1	FG 28-1 (‘RedCap UE’)
FG 28-1 (‘RedCap UE’) is only defined by the reduced maximum UE bandwidth. We would be fine with adding more basic features in the definition if needed. The need seems to depend on whether other FGs are additive or subtractive relative to FG 28-1. Traditionally, FGs are additive, meaning that they add functionality rather than remove functionality. If we want to go this way, FG 28-1 should be defined so that it corresponds to the simplest Rel-17 RedCap UE. In that case, FG 28-1 should have additional components corresponding to single Rx branch, single DL MIMO layer, HD-FDD operation (in case of FDD bands), and no DL 256QAM support (in case of FR1), and then separate capability indications would be needed for RedCap UEs that happen to support one or more of two Rx branches, two DL MIMO layers, FD-FDD operation (in case of FDD bands), and DL 256QAM support (in case of FR1).
[bookmark: _Toc87060249]For FG 28-1 (‘RedCap UE’), add components so that FG 28-1 corresponds to the simplest Rel-17 RedCap UE, i.e., single Rx branch, single DL MIMO layer, HD-FDD operation (in FDD bands), and no DL 256QAM support (in FR1). Note that in that case, the other RedCap FGs should be defined so that they add functionality (two Rx branches, two DL MIMO layers, FD-FDD operation, DL 256QAM) on top of FG 28-1.
Note that the above proposal may have impact on all RedCap FGs.

For FG 28-1 (‘RedCap UE’), FR1/FR2 differentiation would be needed if it is desired to indicate that a UE supporting both FR1 and FR2 is a RedCap UE in one of the frequency ranges but not in the other frequency range. It is currently not clear to us whether there might be a need for such a hybrid UE.
[bookmark: _Toc87060250]For FG 28-1 (‘RedCap UE’), discuss whether there is any need of FR1/FR2 differentiation.
[bookmark: _Toc87060251]For FG 28-1 (‘RedCap UE’), for the fields “Consequences if not supported”, “Type”, “Need of FDD/TDD differentiation” and “Note”, the highlighted text can be used as is.
2.2	FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’)
To our understanding, it is likely that it will be desired to indicate support of different number of Rx branches for different bands.
[bookmark: _Toc87060252]FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’’) is per band (or per FSPC if it is desired to align with legacy signaling solution).
2.3	FG 28-3 (‘Half-duplex FDD operation for RedCap UE’)
To our understanding, it is likely that it will be desired to indicate support of different duplex modes (HD-FDD/FD-FDD) for different FDD bands, so we propose to remove the square brackets.
[bookmark: _Toc87060253]FG 28-3 (‘Half-duplex FDD operation for RedCap UE’) is per band.
2.3	DL/UL modulation support
RAN1 has made the following agreements related to DL/UL modulation support:
	Agreements:
· For a RedCap UE, 64QAM MCS tables (Table 5.1.3.1-1 in TS 38.214 for DL and UL OFDM and Table 6.1.4.1-1 in TS 38.214 for UL w/ transform precoding respectively) are the “default” ones and are mandatory.
· The following is optionally supported by RedCap UEs:
· 256QAM MCS tables (Table 5.1.3.1-2 in TS 38.214 for DL and UL OFDM) 
· 64QAM low SE MCS tables (Table 5.1.3.1-3 in TS 38.214 for DL and UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively)

Agreements:
· For a RedCap UE, “CQI table 1” (Table 5.2.2.1-2 in TS 38.214), that corresponds to MCS Table 5.1.3.1-1 in TS 38.214, is mandatory.
· The following is optionally supported by a RedCap UE:
· “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) that corresponds to MCS Table 5.1.3.1-2 in TS 38.214 (256QAM MCS table) 
· “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) that corresponds to MCS Table 5.1.3.1-3 in TS 38.214 (64QAM low SE MCS table)

Agreements:
· Both 256QAM MCS table for PDSCH and “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) are supported by a RedCap UE indicating support of 256QAM for PDSCH.

Agreements:
· For a RedCap UE, support of 64QAM low SE MCS table for PDSCH and support of “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) are not coupled and capability of each can be reported independent of the other.

Agreements:
· For a RedCap UE, support of 64QAM low SE MCS table for PDSCH (Table 5.1.3.1-3 in TS 38.214) and support of 64QAM low SE MCS tables for PUSCH (Table 5.1.3.1-3 in TS 38.214 for UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively) are not coupled and capability of each can be reported independent of the other.




The FGs related to DL/UL modulation support (FG 28-4 for DL and FG 28-5 for UL) that were present in the version discussed in [8] were intended to capture the above agreements. Many companies expressed that a preference to remove both FG 28-4 (which was removed) and FG 28-5 (which is still there). If these FGs are not present, how to capture the above agreements may require some further discussion.
[bookmark: _Toc87060254]Discuss how to capture RedCap RAN1 agreements related to DL/UL modulation support.
3	Legacy features
RAN2 has sent an LS to RAN1 [10] to ask RAN1 whether there are any Rel-15/16 UE features or capabilities which should not be applicable for RedCap UEs. RAN1 has had initial discussions on this topic in the previous meeting, captured in [11].
To this end, in Table 1, we have summarized capabilities/features that are not applicable for RedCap UEs but are applicable for non-RedCap UEs, and vice-versa. 
[bookmark: _Ref71110685]Table 1: L1 UE capabilities/features not applicable for RedCap UEs but applicable for non-RedCap UEs, and vice-versa.
	Capability
	RedCap UEs
	Non-RedCap UEs

	Maximum UE bandwidth
	20/100 MHz for FR1/FR2
	Applicable
	Not applicable [NOTE 1]

	
	Wider than 20/100 MHz for FR1/FR2
	Not applicable
	Applicable [NOTE 1]

	Minimum number of Rx branches
	1 
	Applicable
	Not applicable

	
	2
	Applicable
	Not applicable in bands n7, n38, n41, n77, n78 and n79 (except for vehicular UEs).
Applicable, otherwise.

	Maximum number of DL MIMO layers
	1
	Applicable, for a RedCap UE with 1 Rx branch. 
Not applicable, otherwise.
	Not applicable [NOTE 2]

	
	2
	Applicable, for a RedCap UE with 2 Rx branches.
	Applicable, for a non-RedCap UE with 2 Rx branches. 
Not applicable [NOTE 2], otherwise.

	HD-FDD Type A
	Applicable
	Not applicable

	Carrier aggregation (including any and all features that require support for carrier aggregation) 
	Not applicable
	Applicable

	Dual connectivity (including any and all features that require support for dual connectivity)
	Not applicable
	Applicable

	Note 1: Support of at least 100 MHz in FR1 and 200 MHz in FR2 is mandatory for non-RedCap UEs (cf. TS 38.306).
Note 2: For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4 Rx is specified as mandatory (cf. TS 38.306).



For support of IAB and URLLC related capabilities, RAN2 has made the following agreement [10]:
	Agreements via email - from offline 109:
· […]
· From RAN2 perspective, URLLC related capabilities are applicable for RedCap UE except those affected by CA/DC;
· From RAN2 perspective, IAB related capabilities are not applicable for RedCap UE, i.e. the RedCap UE is not expected to act as IAB node;
· […]





Therefore, IAB related capabilities should not be applicable for RedCap UEs (also from RAN1 perspective). For V2X/PC5 support in band n47, operation in unlicensed bands, and SUL support, it has been agreed by RAN plenary during RAN#93-e that the specifications will not contain any explicit restriction to prevent implementation of RedCap UEs with these features (see below), although there will be no work in Rel-17 on any RedCap specific specification update to support them [12].
	· 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
1. RedCap UEs operating in unlicensed bands
1. 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 our view, a similar approach can be used for other legacy features, i.e., if support of the legacy feature is not explicitly precluded by the WID [1] or other agreements, and there are no convincing technical reasons to preclude a RedCap UE from supporting the feature, then the legacy feature can remain applicable for RedCap UEs. In fact, if nothing else is agreed, we assume that this is the default scenario.
[bookmark: _Toc87060255]As a general principle, which can be seen as the default scenario, if support of a legacy feature is not explicitly precluded by the WID or other agreements, and there are no convincing technical reasons to preclude a RedCap UE from supporting the feature, then the legacy feature can remain applicable for RedCap UEs.
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For FG 28-1 (‘RedCap UE’), add components so that FG 28-1 corresponds to the simplest Rel-17 RedCap UE, i.e., single Rx branch, single DL MIMO layer, HD-FDD operation (in FDD bands), and no DL 256QAM support (in FR1). Note that in that case, the other RedCap FGs should be defined so that they add functionality (two Rx branches, two DL MIMO layers, FD-FDD operation, DL 256QAM) on top of FG 28-1.
Proposal 2	For FG 28-1 (‘RedCap UE’), discuss whether there is any need of FR1/FR2 differentiation.
Proposal 3	For FG 28-1 (‘RedCap UE’), for the fields “Consequences if not supported”, “Type”, “Need of FDD/TDD differentiation” and “Note”, the highlighted text can be used as is.
Proposal 4	FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’’) is per band (or per FSPC if it is desired to align with legacy signaling solution).
Proposal 5	FG 28-3 (‘Half-duplex FDD operation for RedCap UE’) is per band.
Proposal 6	Discuss how to capture RedCap RAN1 agreements related to DL/UL modulation support.
Proposal 7	As a general principle, which can be seen as the default scenario, if support of a legacy feature is not explicitly precluded by the WID or other agreements, and there are no convincing technical reasons to preclude a RedCap UE from supporting the feature, then the legacy feature can remain applicable for RedCap UEs.
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Annex: Extract from RAN1 UE feature list for Rel-17 NR [9]
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
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