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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID for RedCap [1] places some constraints on features, such as the framework used. In RAN1#107, a discussion for the RAN1 UE features for Rel-17 RedCap was captured in [2]. The resulting feature list [3] for Rel-17 RedCap incorporated some of the results of the discussion. In addition, a reply [6] to the RAN2 LS on RedCap features [4] was based on the comments in the summary [5].
In this contribution, we provide comments on the UE features related to Rel-17 RedCap in [3] as well as address some open topics in [2]. While no additions to the LS reply are expected, some views of Rel-17 features that can be supported by RedCap UEs are presented.
Discussion
Rel-17 RedCap feature groups
The RedCap feature groups (FGs) from [3] are shown in the Appendix for convenience. After examining the current RedCap FGs and the comments from FL summary [2], we have a list of observations on how the update the FG:
Observation 1.
1. FG 28-1 must include a component for separate initial DL BWP
2. FG 28-1 must include a component for separate initial UL BWP
3. FG 28-1 must include a component to disable frequency hopping for PUCCH formats 0 and 1 during initial access
4. Add a note to FG 9-1 stating that if a RedCap UE supports 2-step RACH, it supports early indication
The motivations and justifications for these observations are presented below.
FG 28-1
The basic feature group 28-1 already includes a BW requirement and support of early indication via 4-step RACH. For FG 28-1, there is an FFS to capture additional components, such as support of separate initial DL BWP and separate initial UL BWP [2]. Based on the agreements for reduced bandwidth operation in RAN1#107 [7], both separate initial DL and UL BWPs are needed when the channel bandwidth for non-RedCap UEs exceeds the maximum bandwidth for RedCap UEs. The need for the separate initial DL BWP is based on several reasons including when the center of the MIB-configured initial BWP is not aligned to the center of the separate initial UL BWP in TDD deployments.
One component to add to FG 28-1 is the disabling of PUCCH frequency hopping for formats 0 and 1 during initial access to address PUSCH fragmentation. A RedCap UE receives configuration signaling to disable frequency hopping in SIB1. While further details about resources used for hopping remain, the point is a RedCap UE must support disabling PUCCH frequency hopping. 
Early indication for 2-step RACH
During RAN1#107, there was a discussion about components related to early indication. It was agreed to add early indication for 4-step RACH as a component for FG 28-1. It was agreed to support early indication for 2-step RACH. However, since 2-step RACH is an optional feature for RedCap UEs, it cannot be a component in FG 28-1. In one option, it was proposed to create a separate FG for early indication for 2-step RACH in [2]. Another option is to update the description of FG 9-1 “Basic channel structure and procedure of 2-step RACH” using a modification similar to the agreement for DL 256QAM. For the former option, a new FG is needed with a prerequisite of FG 9-1. For the latter option, a note is needed in the description of FG 9-1, such as ‘For RedCap UEs, early indication is supported if a RedCap UE supports 2-step RACH’. Of the two options, adding a note is preferable to reduce the signaling overhead, but RAN2 will make the determination.   
FG 28-2
With the note in the agreement [2]
Note: If RAN2 decides to reuse the existing signaling (FG2-3) with modification for RedCap, then FG 28-2 is not needed from RAN1 perspective. If RAN2 decides to keep FG28-2, a RedCap UE must indicate FG28-2 from RAN1 perspective.
No further discussion for FG 28-2 is expected except whether to remove the feature based on RAN2 decision.
FG 6-1/6-1a
There have been many discussions about this feature group [8] in the BW reduction agenda item. As a recap, the brief description of the features is in the following table.
Table 1. FG 6-1 and FG 6-1a for non-RedCap UEs
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of 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

	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include 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 may not include SSB for Scell



With the agreements regarding the SSB and initial DL BWP, some conclusions are needed for this FG discussion. From RAN1#105, the agreement was
	Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption: [38.213, 38.331]
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.



The lengthy agreement in RAN1#107, after extracting the related parts, is shown below.
	Agreements: 
…
· 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 based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
…



The key point is that the agreement in RAN1#105 states that FG 6-1 is used as a starting point, and it is not precluded to make changes to the components. Although the RAN1#107 agreements state that FG 6-1 is mandatory, several companies suggested that a modification of FG 6-1 may be needed for RedCap UEs. For example, a RedCap UE supporting FG 6-1 needs either (a) a NCD-SSB if the RRC-configured active DL BWP does not include CORESET#0/SIB and CD-SSB; or (b) CD-SSB and CORESET#0/SIB in the RRC-configured active DL BWP. For (a), the network should provide appropriate search spaces in order to receive SIB or use dedicated signaling. We are open to consider modifying FG 28-1 with appropriate components if modification to the existing FG 6-1 for RedCap UEs is not trivial.
For FG 6-1a, based on the FG description and RAN1#107 agreement, the network does not have to provide any SSB. However, the UE cannot rely on the CSI-RS for RRM measurements according to the RAN4 LS [11]. We are open to consider modifications to FG 6-1a or even adding an FG for RedCap UE for non-trivial modifications.
[bookmark: _Ref95044014]Support of NR Features for RedCap UE
While formulating the reply LS to RAN2 [6], RAN1 considered the WID requirements [9], the RAN#93 agreements [10] and the RAN2 agreements [4], as indicated in the FL summary [5]
From the WID [9], 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
RAN#93-e had the following agreements [10]:
· In Rel-17, there will be no work on any RedCap specific specification update for any of the following:
· RedCap UEs also supporting V2X/PC5 on n47
· RedCap UEs operating in unlicensed bands
· 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:
· 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.
The RAN2 agreements in [4] indicate that the following capabilities are not applicable for RedCap UEs:
· More than [4 or 8] DRBs
· NE-DC and (NG)EN-DC
· DAPS and CPC related capabilities
· IAB related capabilities
Support of Rel-15-16 Features for RedCap UE
RAN2 may or may not reply to the LS sent in RAN#107 [6]. If RAN2 needs RAN1’s views of non-supported Rel-15/16 features for RedCap UE, there are contributions such as [12] and discussions in [5] that can be used as starting points to generate lists of not-supported features or features needing possible modification. 
Support of Rel-17 Features for RedCap UE
The guidelines listed in Section 2.2 are also applicable for Rel-17 features. Although these features are still being discussed in the meetings, a general assessment of the applicability of the features is presented in Table 2. In RAN1#107, companies expressed views regarding these feature groups. A summary of the views in [5] is also presented.
[bookmark: _Ref94625178]Table 2. List of Rel-17 features. The column “# FG” is the number of features for the work item.
	Prefix
	Name
	# FGs
	Comment
	Observations from FL summary [5]

	23
	Further enhanced MIMO
	53
	MIMO features with more than 2 Rx branches or with than 2 Tx branches should not supported (agreement)
	One company suggested no support of MIMO features with more than 2 Rx branches or with more than 2 Tx branches 

	24
	Supporting NR from 52.6GHz to 71 GHz
	22
	RedCap UE supports a maximum of 100 MHz. The minimum bandwidth for B52 is 100 MHz (120 kHz SCS).
If RedCap UE supports B52, then some features may be not applicable due to BW considerations or from RAN1 agreements
· 24-1c (Multi-RB support PUCCH format 0/1/4 for 120 kHz in FR2-2)
· 24-4 (480 kHz SCS support)
· 24-5 (960 kHz SCS support)
· 24-8 / 24-9 (support 32 HARQ processes for 480 / 960 kHz SCS)
· 24-10 (Additional beam switching time delay)
	One company suggested no support

	25
	Enhanced Industrial Internet of Things (IoT) and URLLC
	22
	FG 25-18 (Parallel PUCCH and PUSCH transmission across CCs in inter-band CA) cannot be supported due to WID [9]
	One company seemed to suggest no support

	26
	Solutions for NR to support non-terrestrial networks (NTN)
	9
	
	Two companies seemed to suggest no support. One company wanted optional 

	27
	NR Positioning Enhancements
	36
	
	Three companies seemed to suggest no support. Two companies wanted optional

	29
	UE Power Saving Enhancements
	6
	
	

	30
	coverage enhancement
	17
	
	

	31
	Enhancements to Integrated Access and Backhaul
	9
	RAN2 agreement that RedCap devices do not support IAB can apply [4]
	Six companies seemed to suggest no support

	32
	Sidelink enhancement
	6
	RAN decision that SL features and RedCap devices can apply [10]
	One company seemed to suggest no support

	33
	NR Multicast and Broadcast Services
	21
	
	

	34
	NR Dynamic spectrum sharing (DSS)
	2
	Do not support FGs that indicate cross-carrier scheduling due to WID objective of no CA [9]
	Four companies seemed to suggest no support

	35
	LTE_NR_DC_enh2
	1
	Do not support FGs that indicate dual connectivity due to WID objective of no DC [9]
	Four companies seemed to suggest no support

	36
	DL 1024QAM for NR FR1
	2
	Prerequisite that a UE supports 256QAM 
	Six companies seemed to suggest no support



As a baseline for discussing which Rel-17 features are not supported by RedCap UEs, we should apply the same agreements for discussions about Rel-15 and Rel-16 features.
Proposal: apply the following agreements for evaluating Rel-15 and Rel-16 features when considering Rel-17 features
· A RedCap UE does not support capabilities related to more than 2 Tx branches or more than 2 Rx branches (from RAN1)
· NE-DC and (NG)EN-DC capabilities are not applicable for RedCap UEs (from RAN2)
· IAB related capabilities are not applicable for RedCap UEs (from RAN2)

Conclusion
This contribution examined the updated FG proposal for RedCap UEs. We have several observations and agreements regarding that proposal.
Observation 1.
1. FG 28-1 must include a component for separate initial DL BWP
2. FG 28-1 must include a component for separate initial UL BWP
3. FG 28-1 must include a component to disable frequency hopping for PUCCH formats 0 and 1 during initial access
4. Add a note to FG 9-1 stating that if a RedCap UE supports 2-step RACH, it supports early indication
For Rel-17 features,
Proposal: apply the following agreements for evaluating Rel-15 and Rel-16 features when considering Rel-17 features
· A RedCap UE does not support capabilities related to more than 2 Tx branches or more than 2 Rx branches (from RAN1)
· NE-DC and (NG)EN-DC capabilities are not applicable for RedCap UEs (from RAN2)
· IAB related capabilities are not applicable for RedCap UEs (from RAN2)
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Appendix
Appendix: Latest version of RedCap features [3]

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






Appendix: Agreements in Features [2]

RAN1#107
Agreement
· FG 28-5 is removed
· [bookmark: _Hlk94259570]Add a note in FG 1-5 (256QAM for PUSCH) that “For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH”

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

Agreement
· Inform RAN2 that “From RAN1 perspective, it would be enough to indicate the maximum number of PDSCH MIMO layers per band for RedCap UEs, but RAN1 notes that the type of FG2-3 (maxNumberMIMO-LayersPDSCH) is currently per FSPC and that it is up to RAN2 whether to signal per band or per FSPC”
· Note: If RAN2 decides to reuse the existing signaling (FG2-3) with modification for RedCap, then FG 28-2 is not needed from RAN1 perspective. If RAN2 decides to keep FG28-2, a RedCap UE must indicate FG28-2 from RAN1 perspective.
· 1st bullet is captured in the LS to RAN2 being discussed in [107-e-R17-UE-features-REDCAP-02]


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

Appendix: Pending Questions in Features [2] [5]

RAN1#107
· Companies are encouraged to provide views on whether to add following FGs (or components in FG 28-1)
· On top of FG 6-1, for the operation with SSB in a UE-specific BWP for RedCap UEs
· On top of FG 6-1a, for the operation without SSB in a UE-specific BWP for RedCap UEs
· On top of FGs 6-2/6-3/6-4 for BWP adaptation for RedCap UEs

[FL2] High priority proposal 2-3:
· Following features are added as components in FG 28-1
· Separate initial DL BWP for RedCap UEs
· Separate initial UL BWP for RedCap UEs


Once the BWP operation discussion under RAN1#107-e agenda item 8.6.1.1 has progressed further (related to FG 6-1, 6-1a, etc.), the outcome can be captured in the reply LS to RAN2.


