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Introduction
This contribution provides our views on R17 RedCap UE features. In Section ‎2, we discuss the details of RedCap UE feature groups based on the baseline list in ‎[1]. In Section ‎0, we provide answers to RAN2’s questions in ‎[2] about whether any Rel-15/16 features are not applicable to RedCap UEs. Furthermore, our perspectives of the applicability of other Rel-17 UE features can be found in Section ‎4.   
[bookmark: _Ref86913346]Rel-17 RedCap UE Features 
Basic FG: In our view, the following features should be part of the RedCap UE type and should be part of FG28-1:
· RedCap UEs are not allowed to support maximum UE bandwidth larger than 20MHz/100MHz in FR1/FR2.
· 1Rx should be mandatory for RedCap UEs. 2Rx is optional for RedCap UEs.
· RedCap UEs should at least support HD-FDD Type-A. FD-FDD is optional for RedCap UEs.
FG28-2: The existing NR FG “maxNumberMIMO-LayersPDSCH” can be used to report if the UE supports 2Rx.
Defining “incapability” UE features: According to RAN2 LS ‎[3] that provided guidelines for UE capability definitions, RAN1 should avoid defining “incapability” UE features. The definition of the capability should not say that “a UE setting the bit does not support feature X”. The relevant guidelines from RAN2 LS is copied below: 
	1	Avoid defining “incapability” bits as they may cause interpretation issues
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. One example was the pucch-F0-2WithoutFH that indicates that “the UE does not support PUCCH formats 0 and 2 without frequency hopping”. 


In our view, the current FG28-3 is not aligned with RAN2 LS guidelines. A UE reporting FG28-3 is effectively indicating that it doesn’t support FD-FDD in FDD bands (i.e. “incapability” of FD-FDD). Hence, FG28-3 should be removed and an optional UE capability for supporting FD-FDD should be added
FG28-5: the support of 256QAM for PUSCH is already optional in NR R15, and there is no need to introduce new feature to report it. R15 FG 1-5 can be used by RedCap UEs to report the support of 256QAM for PUSCH.








Proposal 1: Adopt the following changes for UE features for RedCap;
	Index
	Feature group
	Components
	Prerequisite FG
	Type

	Note
	Mandatory/Optional

	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz
2. Maximum FR2 RedCap UE bandwidth is 100 MHz
3. 1Rx branch with 1 DL MIMO layer.
4. Half-duplex FDD operation Type-A.
	
	Per UE
	RedCap UEs do not support carrier aggregation, or dual connectivity or maximum UE BW larger than 20MHz/100MHz in FR1/FR2.
	Basic FG for RedCap UEOptional with capability signaling

	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
	[Per band]
	
	Optional with capability signaling

	28-3
	HalfFull-duplex FDD operation Type A for RedCap UE
	1. HalfFull-duplex FDD operation (instead of full-duplex FDD operation) Type A for RedCap UE
	28-1
	[Per band]
	
	Optional with capability signaling

	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
	[Per band]
	
	Optional with capability signaling


[bookmark: _Ref86913441]
Rel-15/16 UE Features Not Applicable to RedCap
Based on a RAN2 running CR ‎[2], UE features related to CA, MR-DC, DAPS, CPAC and IAB will be excluded by RedCap UEs. Hence, we don’t provide a list of features related to these identified aspects in this contribution.
	4.2.xx	RedCap Parameters
RedCap UE is the UE with reduced capability:
· The maximum bandwidth is 20 MHz for FR1, and is 100 MHz for FR2; 
· The maximum mandatory supported DRB number is 8;
· The mandatory supported PDCP SN length is 12 bits while 18 bits being optional;
· The mandatory supported RLC AM SN length is 12 bits while 18 bits being optional;
· 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported;
· CA, MR-DC, DAPS, CPAC and IAB ( i.e., the RedCap UE is not expected to act as IAB node) related UE features and corresponding capabilities are not supported by RedCap UEs. All other feature groups or components of the feature groups as captured in TR 38.822 [24] as well as capabilities specified in this specification remain applicable for RedCap UEs same as non-RedCap UEs, unless indicated otherwise.
[bookmark: _Hlk85724671]Editor's Note:	May be updated based on latest RAN1 and RAN4 agreements. 



Mandatory for non-RedCap but not applicable for RedCap
In our view, the following mandatory feature group should not be applicable to RedCap UE because it applies to UEs that support at least four DL MIMO layers.  
Table 1: Mandatory UE features for non-RedCap UEs that are not applicable for RedCap UEs
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	4-12
	HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group
	HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group
	Applicable to UE supporting more than 4 layers
	Mandatory with capability signalling



[bookmark: _Ref86834585]Proposal 2: Mandatory FG 4-12 is not applicable to RedCap. 
 
Mandatory for non-RedCap but optional for RedCap
In our view, the following mandatory with capability signaling features for non-Red UEs should be optional for RedCap UEs to reduce RedCap UE’s complexity. 
Table 2: Mandatory features for non-RedCap that are optional for RedCap 
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	1-7
	CSI-RS based RLM
	CSI-RS based RLM
	Applicable to UE supporting more than 4 layers
	Mandatory with capability signalling

	2-4a
	Additional active TCI state for PDCCH
	Support one additional active TCI state for control in addition to the supported number of active TCI states for PDSCH
	Only applicable if Component-1 of 2-4 is set to 1
	Mandatory with capability signalling

	2-16b
	Support 1+2 DMRS (uplink)
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
	
	Mandatory with capability signalling

	2-55
	SRS Tx switch
	1) Support SRS Tx port switch,
2) Report whether the uplink TX switching impact to downlink receiving in a band,
3) Report whether the UL Tx is switched together with UL Tx in another band
	Component-2 is per band pair per band combination
Component-3 is per band pair per band combination
The band pair in Component-2 and Component-3 can be an LTE band and an NR band
2T4R is 2 pairs of antennas
"R" refers to a subset/set of receive antennas for PDSCH; "T" refers to the SRS antennas used for DL CSI acquisition
	Mandatory with capability signalling
Component-1 is a list of TRx pairs, candidates are {"Not supported", "1T2R", "1T4R", "2T4R", "1T4R/2T4R", "1T=1R", "2T=2R", "4T=4R"}
Component-2: Candidate value set: {yes, no}
Component-3: Candidate value set: {yes, no}

	RF/RRM 1-4
	256QAM for PDSCH
	256QAM for PDSCH
	For FR1, it can be revisited in the future whether the 256QAM is mandated in all UE types or categories
For FR2, RAN4 agreed that no BS and UE requirements will be introduced in Rel.15.
	Mandatory with capability signalling for FR1
Optional with capability signalling for FR2



[bookmark: _Ref86834593]Proposal 3: Mandatory FGs 1-7, 2-4a, 2-16b, 2-55, and 2-61 should be optional for RedCap. 
[bookmark: _Ref86834611]Proposal 4: Mandatory RF/RRM FG 1-4 (256QAM for PDSCH) should be optional for RedCap. 
Mandatory for non-RedCap and RedCap but with different components and/or values
For FG 2-33, 2-35, and 2-51, components for “across all CCs” in the following FGs should not be applicable to RedCap UEs because they are related to CA aspects. 
Table 3: Mandatory UE features for non-RedCap UEs that are mandatory for RedCap UEs but with different components and/or values 
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	1) Supported max # of configured NZP-CSI-RS resources per CC,
2) Supported max # of ports across all configured NZP-CSI-RS resources per CC
3) Supported max # of configured CSI-IM resources per CC
4) Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs
5) Supported max # simultaneous NZP-CSI-RS resources per CC
6) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
	All the candidate values are the range of capability signalling which doesn't determine whether UE is mandatory to support all the signalling values.
	Mandatory with capability signalling
Component-1 candidate values: {from 1 to 32}
Component-2 candidate values: {2, 4, 8, 12, 16, 24, 32, 40, 48 … ,256}
Component-3: candidate values: {1,2,4,8,16,32}
Component-4: candidate values {5, 6, 7, 8, 9, 10, 12, 14, 16, …, 62, 64} (includes all even numbers between 16 and 64)
Component-5: candidate values {1, 2, 3 … 32}
Component-6: candidate values {8, 16, 24, …, 248, 256}
Component-7: candidate values {8, 16, 24, … 128 }

	2-35
	CSI report framework
	1) Maximum number of periodic CSI report setting per BWP for CSI report
2) Maximum number of periodic CSI report setting per BWP for beam report
3) Maximum number of aperiodic CSI report setting per BWP for CSI report
4) Maximum number of aperiodic CSI report setting per BWP for beam report
5) Maximum number of configured aperiodic CSI triggering states in CSI-AperiodicTriggerStateList per CC,
6) Maximum number of semi-persistent CSI report setting per BWP for CSI report
7) Maximum number of semi-persistent CSI report setting per BWP for beam report
8) UE can process Y CSI report(s) simultaneously in a CC. CSI reports can be P/SP/A CSI and any latency class and codebook type.
9) UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type.
	Other MIMO capabilities than component 5 may further restrict (reduce) the number of simultaneously CSI report that UE is required to update
The CSI report in component 4 and 5 includes the beam report and CSI report
Each component is independent
CSI report setting are counted in the CC indicated by the parameter carrier in CSI-ResourceConfig.
	Mandatory with capability signaling
Component-1 candidate values: {1, 2, 3, 4}
Component-1a candidate values: {1, 2, 3, 4}
Component-2 candidate values {1, 2, 3, 4}
Component-2a candidate values {1, 2, 3, 4}
Component-2b candidate values {3, 7, 15, 31, 63, 128}
Component-3 candidate values: {0, 1, 2, 3, 4}
Component-3a candidate values: {0, 1, 2, 3, 4}
Component-4
candidate values: {from 1 to 8}
Component-5:
candidate values: {from 5 to 32}

	2-51
	TRS (CSI-RS for tracking)
	1) TRS burst length (X),
2) Max # of TRS resource sets (per CC) UE is able to track simultaneously
3) Max # of TRS resource sets configured to UE per CC
4) Max # of TRS resource sets configured to UE across CCs
	
	Mandatory with capability signalling
Component-1:
Candidate values {1, "both 1 and 2"}. UE is mandated to report "both 1 and 2"
Component-2: Candidate value set: {1 to 8}
Component-3: Candidate value set: {1 to 64}
UE is mandated to report at least 8 for FR1 and 16 for FR2.
Component-4: Candidate value set: {1 to 256}
UE is mandated to report at least 16 for FR1 and 32 for FR2.
Optional with capability signalling



[bookmark: _Ref86834623]Proposal 5: Components 4) and 6) of mandatory FG 2-33 are not applicable to RedCap. 
[bookmark: _Ref86834645]Proposal 6: Component 9) of mandatory FG 2-35 are not applicable to RedCap. 
[bookmark: _Ref86834651]Proposal 7: Component 4) of mandatory FG 2-51 are not applicable to RedCap. 
Optional for non-RedCap but not applicable for RedCap
According to the following description in WID ‎[5], we should strive to reduce the cost of RedCap UEs. 
	As a baseline, the requirements for these three use cases are:
Generic requirements:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors.
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor.
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.



Therefore, we propose UE features related to the following aspects are not applicable to RedCap UEs. 
· CA, MR-DC, DAPS, CPAC, IAB
· More than two MIMO layers 
· Wider bandwidth 
· UE processing time capability 2
· Uplink CBG-based retransmission 
· URLLC
· SCS of 60kHz in FR1
· BWP adaptation with different numerologies 

In the following subsections, we provide lists of optional UE features related to the above aspects except for aspects in the first bullet. 
MIMO layers
The following optional FGs should not be applicable to RedCap UEs because they require more than two DL MIMO layers.
Table 4: Optional features related to MIMO that are not applicable to RedCap UE due to more than two MIMO layers.  
	Index
	Feature group
	Components
	Prerequisite
	Mandatory / Optional

	16-3a-3
	Support of rank 3,4
	1.	Support of rank 3,4
	16-3a (Regular eType-II)
	Optional with capability signaling

	16-3b-2
	Support of rank 3,4
	1.	Support of rank 3,4
	16-3b (Port selection eType-II)
	Optional with capability signaling


 
[bookmark: _Ref87008125]Proposal 8: Optional FGs 16-3a-3 and 16-3b-2 are not applicable to RedCap. 

Wideband
Regarding FG10-20, in FR1, the maximum BW of RedCap is 20MHz and therefore RedCap UE can only support the value “1” among the listed applicable numbers {1, 2, 3, 4, 5}. We hence support this FG is not applicable to RedCap. Or the applicable maximum numbers should be changed from {1, 2, 3, 4, 5} to {1} only.
Table 5: Optional feature related to wideband that is not applicable to RedCap
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	10-20
	Support search space set configuration with freqMonitorLocation-r16
	3. Maximum number of frequency domain locations for a search space set configuration with freqMonitorLocations-r16
	Candidate values of component 1: {1, 2, ,3, 4, 5}

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling




[bookmark: _Ref87008134]Proposal 9: Optional FG 10-20 is not applicable to RedCap or the supported value set should be changed from {1, 2, 3, 4, 5} to {1}.
 
UE processing time capability 2
[bookmark: _Ref87008146]Proposal 10: The following optional feature groups related UE processing time capability 2 are not applicable to RedCap:
· FGs 5-5a, 5-5b, 5-5c, 5-13, 5-13a-f
· Uplink CBG with UE processing capability 2: FGs 22-3a, 22-3b, 22-3c, 22-3d, 22-3e, 22-3f, 22-g, 22-h

Uplink CBG-based retransmission 
[bookmark: _Ref87008185][bookmark: _Ref87008251]Proposal 11: The following optional feature groups related to uplink CBG-based retransmission are not applicable to RedCap:
· FG 5-25: CBG-based re-transmission for UL using CBGTI
· FG 11-12: CBG-based re-transmission for UL using CBGTI with only in-order CBG-based re-transmission(s) for cancelled initial PUSCH transmission
· Uplink CBG with UE processing capability 2: FGs 22-3a, 22-3b, 22-3c, 22-3d, 22-3e, 22-3f, 22-g, 22-h
· Uplink CBG with UE processing capability 1: FGs 22-4a, 22-4b, 22-4c, 22-4d 

URLLC
[bookmark: _Ref87008280]Proposal 12: The following optional feature groups related to URLLC are not applicable to RedCap:
· FG 11-2x: sub-slot based PDCCH monitoring 
· FG 11-3x: support more than one PUCCH for HARQ-ACK in a slot
· FG 11-4x: support HARQ-ACK codebooks with different priorities at a UE
· FG 11-7x: UL cancellation 

SCS of 60kHz in FR1
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	RF/RRM 1-1
	60kHz of subcarrier spacing for FR1
	60kHz subcarrier spacing for data channel in FR1
	
	Optional with capability signaling



[bookmark: _Ref87008311]Proposal 13: Optional RF/RRM FG1-1 (60kHz of subcarrier spacing for FR1) is not applicable for RedCap. 

BWP adaptation with different numerologies
	Index
	Feature group
	Components
	Note
	Mandatory / Optional

	6-4
	BWP adaptation with different numerologies
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) More than one numerologies for the UE-specific RRC configured BWPs per carrier
5) Same numerology between DL and UL per cell except for SUL at a given time
6) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	
	Optional with capability signaling



[bookmark: _Ref87008327]Proposal 14: Optional FG6-4 (BWP adaptation with different numerologies) is not applicable for RedCap. 
Optional for non-RedCap but mandatory for RedCap
We don’t see a need to mandate RedCap UEs to support optional features. Besides, we think RAN1 should prioritize on identifying features that are not applicable to RedCap to reduce RedCap UE implementation complexity.
[bookmark: _Ref86834658]Proposal 15: Optional UE features for non-RedCap UEs are not mandated for RedCap UEs.  
[bookmark: _Ref86913718]Other Rel-17 Features Not Applicable to RedCap
Among other Rel-17 work items, we prefer only features related power saving and coverage enhancements are considered as applicable to RedCap. The reason is not to complicate other Rel-17 work item’s advanced features by RedCap UE’s stringent design constraints and causing unnecessary optional components. We hence propose that feature groups in the following Rel-17 work items are not applicable to RedCap. For feature groups in other work items, we can discuss at a per-feature-group level.  
[bookmark: _Ref87008344]Proposal 16: Rel-17 FGs 31-x in NR_IAB_enh, 34-x in NR_DSS, and 35-x in LTE_NR_DC_enh2 are not applicable to RedCap. 
[bookmark: _Ref87008352]Proposal 17: Rel-17 FGs 26-x in NR_NTN_solutions are not applicable to RedCap. 
[bookmark: _Ref87008365]Proposal 18: Rel-17 FGs 25-x in NR_IIOT_URLLC_enh are not applicable to RedCap.
[bookmark: _Ref87008374]Proposal 19: Rel-17 FGs 27-x in NR_pos_enh are not applicable to RedCap. 
[bookmark: _GoBack]Conclusion
Our proposals are summarized below. 
Proposal 1: Adopt the following changes for UE features for RedCap;
	Index
	Feature group
	Components
	Prerequisite FG
	Type

	Note
	Mandatory/Optional

	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz
2. Maximum FR2 RedCap UE bandwidth is 100 MHz
3. 1Rx branch with 1 DL MIMO layer.
4. Half-duplex FDD operation Type-A.
	
	Per UE
	RedCap UEs do not support carrier aggregation, or dual connectivity or maximum UE BW larger than 20MHz/100MHz in FR1/FR2.
	Basic FG for RedCap UEOptional with capability signaling

	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
	[Per band]
	
	Optional with capability signaling

	28-3
	HalfFull-duplex FDD operation Type A for RedCap UE
	1. HalfFull-duplex FDD operation (instead of full-duplex FDD operation) Type A for RedCap UE
	28-1
	[Per band]
	
	Optional with capability signaling

	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
	[Per band]
	
	Optional with capability signaling



Proposal 2: Mandatory FG 4-12 is not applicable to RedCap.
Proposal 3: Mandatory FGs 1-7, 2-4a, 2-16b, 2-55, and 2-61 should be optional for RedCap.
Proposal 4: Mandatory RF/RRM FG 1-4 (256QAM for PDSCH) should be optional for RedCap.
Proposal 5: Components 4) and 6) of mandatory FG 2-33 are not applicable to RedCap.
Proposal 6: Component 9) of mandatory FG 2-35 are not applicable to RedCap.
Proposal 7: Component 4) of mandatory FG 2-51 are not applicable to RedCap.
Proposal 8: Optional FGs 16-3a-3 and 16-3b-2 are not applicable to RedCap.
Proposal 9: Optional FG 10-20 is not applicable to RedCap or the supported value set should be changed from {1, 2, 3, 4, 5} to {1}.
Proposal 10: The following optional feature groups related UE processing time capability 2 are not applicable to RedCap:
· FGs 5-5a, 5-5b, 5-5c, 5-13, 5-13a-f
· Uplink CBG with UE processing capability 2: FGs 22-3a, 22-3b, 22-3c, 22-3d, 22-3e, 22-3f, 22-g, 22-h
Proposal 11: The following optional feature groups related to uplink CBG-based retransmission are not applicable to RedCap:
· FG 5-25: CBG-based re-transmission for UL using CBGTI
· FG 11-12: CBG-based re-transmission for UL using CBGTI with only in-order CBG-based re-transmission(s) for cancelled initial PUSCH transmission
· Uplink CBG with UE processing capability 2: FGs 22-3a, 22-3b, 22-3c, 22-3d, 22-3e, 22-3f, 22-g, 22-h
· Uplink CBG with UE processing capability 1: FGs 22-4a, 22-4b, 22-4c, 22-4d 

Proposal 12: The following optional feature groups related to URLLC are not applicable to RedCap:
· FG 11-2x: sub-slot based PDCCH monitoring 
· FG 11-3x: support more than one PUCCH for HARQ-ACK in a slot
· FG 11-4x: support HARQ-ACK codebooks with different priorities at a UE
· FG 11-7x: UL cancellation 

Proposal 13: Optional RF/RRM FG1-1 (60kHz of subcarrier spacing for FR1) is not applicable for RedCap.
Proposal 14: Optional FG6-4 (BWP adaptation with different numerologies) is not applicable for RedCap.
Proposal 15: Optional UE features for non-RedCap UEs are not mandated for RedCap UEs.
Proposal 16: Rel-17 FGs 31-x in NR_IAB_enh, 34-x in NR_DSS, and 35-x in LTE_NR_DC_enh2 are not applicable to RedCap.
Proposal 17: Rel-17 FGs 26-x in NR_NTN_solutions are not applicable to RedCap.
Proposal 18: Rel-17 FGs 25-x in NR_IIOT_URLLC_enh are not applicable to RedCap.
Proposal 19: Rel-17 FGs 27-x in NR_pos_enh are not applicable to RedCap.
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