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1 Introduction
According to the latest 114-e meeting [1], there are some agreements about definition of RedCap UE capabilities are given as follows.
	· Working assumption: 

Extend UE-NR-Capability using NCE to capture RedCap capabilities

· Agreements:

1. We will continue the discussion on which capability are applicable to RedCap UE (FFS if we need to have an exhaustive check)

2. At least for early identification there will be only one RedCap UE (no need to define separate RedCap UE types for FR1 and FR2)

3. It is up to the network how to prevent RedCap UEs from using radio capabilities not intended for RedCap UEs (no specification impact is foreseen at least in RAN2. FFS whether something is needed from SA2/CT1)

· RAN2 Working Assumption: 

by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE
· 
Agreements:

4.   We will have an email discussion until the next meeting to discuss which higher layer capabilities are not applicable for RedCap UEs (it could result in a draft 38.306 CR) and how to reflect the handling of RedCap specific capabilities (e.g. Maximum BW, Max Rx, MIMO-Layer, 256QAM, CA/DC, HD-FDD, etc)

5. The network needs to know if the UE is a RedCap UE or not in order to at least correctly identify the set of mandatory features (i.e. baseline capabilities) that the UE supports, including Handover case

6. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.


In this contribution, we discuss capability definition for RedCap UE, including UE type definition, capability framework and higher layer capability reduction.
2 Discussion
2.1 RedCap UE type definition

As agreements pointed, at least for early identification there will be only one RedCap UE. Similarly, it is also no need to define separate RedCap UE types for FR1 and FR2 during the later UE capability report. One Redcap UE type is enough to indicate the bandwidth capability for FR1 and FR2 and ensure that the network schedules the Redcap UE only on supported bandwidth. Other features of RedCap UE can be indicated by separated capabilities.
Proposal 1: One RedCap UE type is defined for both FR1 and FR2. 
2.2 Capability framework
Observation 1: There is no existing parameter definition in TS 38.306 to clarify the capability, which is not applicable to RedCap UE but was mandatory without capability signaling for non-RedCap, e.g. Feature group “Basic EN-DC procedures”. This requires a new section in TS 38.306.
Observation 2: Some new features in R16 were captured in the separated sections, e.g. IAB Parameters in sec. 4.2.15
and Sidelink Parameters in sec. 4.2.16.
To clearly capture the RedCap UE’s capabilities, we propose following principles.
Proposal 2: Add new section for RedCap UE in TS 38.306, to capture/clarify RedCap UE’s specific capabilities, including at least the cases: [See the Text Proposal]
· RedCap UE’s mandatory features, but with different values from non-RedCap UE, e.g. number of DRBs, PDCP/RLC AM SN size;

· Features not applicable to RedCap UE, e.g. CA/DC;
· RedCap UE’s optional features, which are newly introduced specific for RedCap in R17, e.g. HD-FDD;
· RedCap UE’s optional features, which are mandatory for non-RedCap UE, e.g. 256QAM;
· RedCap UE’s mandatory features, which are optional for non-RedCap UE, if any.
Proposal 3: For RedCap UE, clarify in the new section that all other features, which are not clarified in the new section but defined in other sections of TS 38.306 or in TR 38.822, remain the same as for non-RedCap UE.
Based on the above principles, with some capability examples for RedCap, the text proposal is given as below. 
2.3 TP on the new section in TS 38.306 for RedCap
=============================Text Proposal========================================
4.2.xx

RedCap Parameters
4.2.xx.1

Generic
RedCap UE is the UE mandatorily supporting maximum bandwidth 20MHz in FR1 and 100MHz in FR2, and other reduced capabilities specified in this sub-clause.
The following clauses define the RedCap UE radio access capability parameters, which are different from non-RedCap UE. All other capability parameters, not captured in sub-clause 4.2.xx but defined in other sub-clauses of this specification, apply to RedCap UE, unless indicated otherwise.
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	redCap-r17
Indicates whether the UE is a RedCap UE. 
	UE
	No
	No
	No


4.2.xx.2

Features not applicable to RedCap

Table 4.2.xx.2-1 captures feature groups, which are not applicable to RedCap UEs. 
The features related to CA, NR-DC, NE-DC, (NG)-EN-DC are not supported by RedCap UEs.
All other feature groups or components of the feature groups as captured in TR 38.822 [24] remain applicable to RedCap UEs, unless indicated otherwise.
Table 4.2.xx.2-1: Features not applicable to RedCap
	Features
	Index
	Feature group
	Components
	Additional information

	0. General (including supported bearer types)
	0-0
	Basic EN-DC procedures
	1) MCG DRB with LTE/NR PDCP

2) SCG DRB with NR PDCP

3) SN addition, modification, and release via RRC connection reconfiguration

4) Joint processing on the combined RRC messages

5) Failure handling (including both MN and SN)
	

	10. Architecture options
	10-1
	NE-DC
	Support of NE-DC
	ne-DC 
ne- DC-BC

	
	10-2
	NR-DC
	Support of NR-DC
	ca-ParametersNRDC

	x.
	x-x
	Xxx
	xx
	

	
	
	
	
	


4.2.xx.3

Mandatory features specific to RedCap
Table 4.2.xx.3-1 captures feature groups, which are mandatory for RedCap but different from non-RedCap UEs. All other mandatory feature groups or components of the feature groups as captured in TR 38.822 [24] remain mandatory, unless indicated otherwise.
Editor’s Note: This sub-clause is mainly to capture those features, which are mandatory without capability signaling for RedCap UE but are optional or mandatory with capability signaling, or mandatory without capability signaling but with different value(s) from non-RedCap UE.
Table 4.2.xx.3-1: Layer-2 and Layer-3 mandatory features for RedCap
	Features
	Index
	Feature group
	Components
	Additional information

	1. PDCP
	1-0
	Basic PDCP procedures
	12bits SN
	

	2. RLC
	2-0
	Basic RLC procedures
	RLC AM with 12bits SN
	

	
	
	
	
	

	
	
	
	
	


4.2.xx.4

PDCP Parameters
Editor’s Note: This sub-clause is mainly to capture those features with capability signaling, which are different between RedCap UE and non-RedCap UE.
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	longPDCP-SN-r17
Indicates whether the RedCap UE supports 18bits PDCP SN.
	UE
	No
	No
	No

	
	
	
	
	


4.2.xx.5

RLC Parameters
Editor’s Note: This sub-clause is mainly to capture those features with capability signaling, which are different between RedCap UE and non-RedCap UE.
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	longRLC-AM-SN-r17
Indicates whether the RedCap UE supports 18bits RLC AM SN.
	UE
	No
	No
	No


4.2.xx.6

Physical layer Parameters
Editor’s Note: This sub-clause is mainly to capture those features with capability signaling, which are different between RedCap UE and non-RedCap UE.
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	channelBWs-DL
Indicates for each subcarrier spacing the UE supported channel bandwidths for RedCap UE.

For FR1, the bit indicates 20MHz shall be set to 1, and the bits indicate 25, 30, 40, 50, 60 and 80MHz are not applicable (set to 0). For FR2 RedCap UE, the bit indicates 100MHz shall be set to 1, and the bit indicates 200MHz is not applicable (set to 0).  
	Band
	Yes
	N/A
	N/A

	maxNumberMIMO-LayersPDSCH

Defines the maximum number of spatial multiplexing layer(s) supported by the RedCap UE for DL reception.

RedCap UE supports 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported.
	FSPC
	CY
	N/A
	N/A

	pdsch-256QAM-FR1

Indicates whether the RedCap UE supports 256QAM modulation scheme for PDSCH for FR1 as defined in 7.3.1.2 of TS 38.211 [6].
	UE
	No
	No
	FR1 only

	
	
	
	
	


=====================End of Text Proposal================================
2.4 NW awareness of the RedCap UEs
In order to let the network know whether the UE is a RedCap UE or not for proper handling of the UE capabilities, the following options can be considered:

Option 1: RedCap device type is indicated as part of the capability signalling.

Option 2: Define a new IE specifically for RedCap UEs containing the RedCap-specific capabilities. The IE is included in the signalling only by Redcap UEs.

Option 3: The network identifies RedCap UEs based on the appropriate identification solution, e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion). The RedCap UE identification is forwarded it to the target gNB during handover. 

Option 4: The network identifies RedCap UEs based on the reported capabilities, assuming the identification can be done through RedCap-specific capabilities not used by non-RedCap UEs.

Option 1 relies on an explicit indication for RedCap UEs and Option 2 and 4 rely on an implicit identification of RedCap UEs via some specific capabilities or specific capability parameters. 
Based on the last RAN2 agreements as below, we see option1 is straight forward.

	The network needs to know if the UE is a RedCap UE or not in order to at least correctly identify the set of mandatory features (i.e. baseline capabilities) that the UE supports, including Handover case.

The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.


Also, it is very difficult to distinguish RedCap UEs from other UEs with option 2/4 in the case that a RedCap UE does not support any RedCap specific optional capability. Hence Option 1 is proposed.
Proposal 4: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).
3 Conclusion

In this contribution, we discussed capability definition for RedCap UE. Corresponding observations and proposals are listed as below:

Observation 1: There is no existing parameter definition in TS 38.306 to clarify the capability, which is not applicable to RedCap UE but was mandatory without capability signaling for non-RedCap, e.g. Feature group “Basic EN-DC procedures”. This requires a new section in TS 38.306.
Observation 2: Some new features in R16 were captured in the separated sections, e.g. IAB Parameters in sec. 4.2.15
and Sidelink Parameters in sec. 4.2.16.
Proposal 1: One RedCap UE type is defined for both FR1 and FR2. 
Proposal 2: Add new section for RedCap UE in TS 38.306, to capture/clarify RedCap UE’s specific capabilities, including at least the cases: [See the Text Proposal]

· RedCap UE’s mandatory features, but with different values from non-RedCap UE, e.g. number of DRBs, PDCP/RLC AM SN size;

· Features not applicable to RedCap UE, e.g. CA/DC;

· RedCap UE’s optional features, which are newly introduced specific for RedCap in R17, e.g. HD-FDD;

· RedCap UE’s optional features, which are mandatory for non-RedCap UE, e.g. 256QAM;

· RedCap UE’s mandatory features, which are optional for non-RedCap UE, if any.
Proposal 3: For RedCap UE, clarify in the new section that all other features, which are not clarified in the new section but defined in other sections of TS 38.306 or in TR 38.822, remain the same as for non-RedCap UE.
Proposal 4: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).
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