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1. [bookmark: _Toc120549591]Introduction
This contribution discusses the remaining issues about RAN1 UE features associated with the Rel-17 RedCap WI based on RAN1 agreements made so far for RedCap [1][2] and the updated RAN1 UE features list for Rel-17 NR after RAN1 #107b-e [3] as shown in Appendix.
2. Discussion on UE features for RedCap
In this section, we will discuss features that can be added into FG28-1 and other separate features.
Discussion on FG28-1 related features
The following agreements made in RAN1#107e are related to basic UE feature 28-1.
Agreement
· Following features are not added into FG 28-1
· Supported Rx branches and corresponding maximum DL MIMO layers
· RedCap UE must indicate this capability from RAN1 perspective
· Supported FDD operation
· Supported maximum DL modulation order
[bookmark: _Hlk88268281]Agreement
· For early indication of RedCap UE,
· The capability of early indication of RedCap UE in Msg.1 for 4-step RACH is added as a component in FG 28-1
· FFS other early indication schemes



According to the agreements, Rx branches, FDD operation, and maximum DL modulation order are not added to FG28-1, and early indication of RedCap UE in Msg.1 for 4-step RACH is added as a component in FG 28-1. Here, we will discuss whether there are other components that can be added to FG28-1.
· Separate initial DL/UL BWP
According to the following agreements made in RAN1#106b-e and 107e, network can configure separate initial UL/DL BWP for RedCap UEs by SIB before UE capability signaling, and when bandwidth of legacy initial UL/DL BWP is larger than 20MHz, network has to configure a separate initial UL BWP, and for initial DL BWP, it can also configure a separate initial DL BWP or reuse CORESET#0. So RedCap should mandatory support separate initial DL/DL BWP configuration, this should be a basic feature for RedCap UE. 
106b-e:
Agreement: [38.213, 38.331]
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
107e:
Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Proposal 1: Following features are added as components in FG 28-1
· Separate initial DL BWP for RedCap UEs
· Separate initial UL BWP for RedCap UEs
· Early indication of RedCap UEs
According to the agreements of RAN1#107e, there is still one FFS for whether to introduce other early indication schemes into FG28-1. Related features includes[4],
· Whether to add the capability of early indication of RedCap UE in Msg.A preamble part for 2-step RACH.
· Whether to add the capability of early indication of RedCap UE in Msg.3 for 4-step RACH as a component in FG 28-1 or leave to RAN2.
· Whether to add the capability of early indication of RedCap UE in Msg.A PUSCH part for 2-step RACH as a component in FG 28-1 or leave to RAN2.
Among the above three features, the first one and the third one are related to 2-step RACH, which is optionally supported according to following agreements made in RAN1#105e, so we don’t think these two features should be added to FG28-1, and they can be separate feature groups. While both early indication of RedCap UE in Msg.3 for 4-step RACH and early indication of RedCap UE in Msg.A PUSCH part for 2-step RACH are RAN2 issues, the discussion of these two capability is up to RAN2.
Agreements: (no spec impact)
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised


Proposal 2: The capability of early indication of RedCap UE in Msg.A preamble part for 2-step RACH is not added to FG28-1.
Proposal 3: Leave the feature discussion of the following two capabilities to RAN2,
· The capability of early indication of RedCap UE in Msg.3 for 4-step RACH .
· The capability of early indication of RedCap UE in Msg.A PUSCH part for 2-step RACH.

Discussion on separate UE features other than FG28-1
· SSB related UE capability
During the RAN1#107e, the following agreements are made,
Agreement
For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


According to the agreements, there are two kinds of UE capabilities for RedCap UEs when an RRC-configured active DL BWP in connected mode does not include CD-SSB and the entire CORESET#0. One is that RedCap UEs doesn’t support optional FG6-1a, this kind of RedCap UE will expects the RRC configured active DL BWP to contain NCD-SSB. The other one is that RedCap support capability that NCD-SSB is not needed on the RRC configured active DL BWP.
For the first kind of capability, there are two options to define the UE feature,
· Alt.1: No separate new FG is introduced, while add a note in FG6-1(Basic BWP operation with restriction) that  “For RedCap UEs, BW of a UE-specific RRC configured BWP may or may not include BW of CD-SSB and the entire CORESET#0, if not, BW of the UE-specific RRC configured BWP includes NCD-SSB.
· Alt.2: A new FG 28-x is introduced, with the following component,
· BW of UE-specific RRC configured BWP may not include BW of CD-SSB and the entire CORESET#0, in this case, BW of the UE-specific RRC configured BWP includes NCD-SSB.
Comparing these two options, we prefer Alt.2. Alt.1 introduces one case that BW of a UE-specific RRC configured BWP may not include BW of CD-SSB and the entire CORESET#0 into the traditional FG6-1, this is different from what legacy FG6-1 mentions. While Alt.2 has no impact on legacy FG. The prerequisite feature group of this new feature can be FG 6-1, and since this is the default capability, RedCap UEs have to report this capability.
Proposal 4: Define a new FG28-x1 for the capability of UE expect NCD-SSB when an RRC-configured active DL BWP in connected mode does not include CD-SSB and the entire CORESET#0.
Proposal 5: The new FG28-x1 includes the following component, and the prerequisite feature group of this is FG 6-1,
· BW of UE-specific RRC configured BWP may not include BW of CD-SSB and the entire CORESET#0, in this case, BW of the UE-specific RRC configured BWP includes NCD-SSB.

For the second kind of capability, RAN4 has made the following conclusion during RAN4#101b [5],
For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement, but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
· For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17. 


Based on the above conclusion, RedCap UE can perform RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS and L3 measurement based on CSI-RS if UE supports the corresponding capabilities. If the corresponding capabilities are not supported, UE will rely on re-tuning to CD-SSB for such measurement,which may be already supported as FG6-1a. So we propose to introduce a new FG 28-x2, to support this optional capability, which include the following components,
· BW of UE-specific RRC configured BWP may not include BW of SSB(including CD-SSB or NCD-SSB) and the entire CORESET#0.
· support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· support CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
· support measurement operation based on FG6-1a.
And the prerequisite feature group of this new feature can be FG 6-1a.
Proposal 6: Define a new feature FG28-x2 for the capability of supporting operation without NCD-SSB when an RRC-configured active DL BWP in connected mode does not include CD-SSB and the entire CORESET#0. 
Proposal 7: The new FG28-x2 includes the following component, and the prerequisite feature group of this is FG 6-1a,
· BW of UE-specific RRC configured BWP may not include BW of SSB(including CD-SSB or NCD-SSB) and the entire CORESET#0.
· Support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· Support CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
· Support measurement operation based on FG6-1a.

· Early indication related UE capability
According to analysis in section 2.1, 2-step RACH is optionally supported according to agreements made in RAN1#105e, so the capability of early indication related to 2-step RACH is proposed to be a separate FG, with component that RedCap dedicated PRACH resource or PRACH preamble determination for early indication.
Proposal 8: Define a new FG28-x3 to include capability of early indication of RedCap UE in Msg.A preamble part for 2-step RACH
Proposal 9: The new FG28-x3 includes the following component, and the prerequisite feature group is FG9-1,
· RedCap dedicated PRACH resource or PRACH preamble determination for early indication.

3. Conclusions
In this contribution, considerations on UE feature components and new UE feature definition are discussed, the following proposals are made,
Proposal 1: Following features are added as components in FG 28-1,
· Separate initial DL BWP for RedCap UEs
· Separate initial UL BWP for RedCap UEs
Proposal 2: The capability of early indication of RedCap UE in Msg.A preamble part for 2-step RACH is not added to FG28-1.
Proposal 3: Leave the feature discussion of the following two capabilities to RAN2,
· The capability of early indication of RedCap UE in Msg.3 for 4-step RACH .
· The capability of early indication of RedCap UE in Msg.A PUSCH part for 2-step RACH.
Proposal 4: Define a new FG28-x1 for the capability of UE expect NCD-SSB when an RRC-configured active DL BWP in connected mode does not include CD-SSB and the entire CORESET#0.
Proposal 5: The new FG28-x1 includes the following component, and the prerequisite feature group of this is FG 6-1,
· BW of UE-specific RRC configured BWP may not include BW of CD-SSB and the entire CORESET#0, in this case, BW of the UE-specific RRC configured BWP includes NCD-SSB.
Proposal 6: Define a new feature FG28-x2 for the capability of supporting operation without NCD-SSB when an RRC-configured active DL BWP in connected mode does not include CD-SSB and the entire CORESET#0. 
Proposal 7: The new FG28-x2 includes the following component, and the prerequisite feature group of this is FG 6-1a,
· BW of UE-specific RRC configured BWP may not include BW of SSB(including CD-SSB or NCD-SSB) and the entire CORESET#0.
· Support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· Support CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
· Support measurement operation based on FG6-1a.
Proposal 8: Define a new FG28-x3 to include capability of early indication of RedCap UE in Msg.A preamble part for 2-step RACH
Proposal 9: the new FG28-x3 includes the following component, and the prerequisite feature group is FG9-1,
· RedCap dedicated PRACH resource or PRACH preamble determination for early indication.
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5. 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.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
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



