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1. Introduction
In the RAN1#106bis-e meeting, following agreements were made for RedCap UE features [1]:

	Agreements: 
FG 28-1 is kept as “RedCap UE” as follows.
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

Impact on UE complexity
Per UE
No
[No]
RedCap UEs do not support carrier aggregation or dual connectivity.
Optional with capability signaling
Note that yellow highlight means FFS and to be discussed further. These parts are provided as placeholders.

Agreements: 
FG 28-3 is kept as “Half-duplex FDD operation type A for RedCap UE” as follows.

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

Impact on UE complexity
[Per band]
FDD only
FR1 only
Optional with capability signaling

Note that yellow highlight means FFS and to be discussed further. These parts are provided as placeholders.

Agreements: 
FG 28-1 is supported as a basic FG for RedCap UE

· It is clarified in the column of “Mandatory/Optional”

Agreements: 
The sentence in “Consequence if the feature is not supported by the UE” in FG28-1 is revised as “Network assumes the UE is not a RedCap UE”

Agreements: 
The sentence in “Consequence if the feature is not supported by the UE” in FG28-3 is revised as “UE is assumed to support FD-FDD in FDD bands”

Agreements:
· FG 28-4 is removed

· RedCap UE supports FG1-4 (256QAM for PDSCH) as optional with capability signalling both for FR1 and FR2

· Add a note in FG 1-4 (256QAM for PDSCH) that “For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH”




This contribution presents our view on Rel-17 REDCAP UE features. 
2. Discussion on REDCAP UE features
2.1. Discussion for FG 28-1  
For FG 28-1, following two main issues need to be discussed. 

	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


· Issue#1: FFS whether to add any other basic features for RedCap UE
· Issue#2: The type for FG 28-1

· Need of FDD/TDD differentiation and FR1/FR2 differentiation
2.1.1. Issue#1 FFS whether to add any other basic features for RedCap UE

For issue#1, extensive discussions were made in the last meeting. Some companies proposed to FG 28-2 of “Number of UE Rx branches and DL MIMO layers” and FG 28-3 of Half-duplex FDD operation type A into the FG 28-1. It is noted that the same discussion was held in the RAN1#106-e meeting on whether to include the number of RX branches, duplex mode, maximum modulation order and no support of CA/DC into the RedCap UE type [2]. However, no decision can be made. As observed by many companies that during the initial access, only the capability that network can assume without ambiguity is maximum UE bandwidth. Other capabilities like FG 28-2, FG 28-3, FG 28-5 can be signalled by UE capability report. Therefore, it is not necessarily to merge FGs 28-2/28-3 into the FG 28-1. 
Proposal 1: There is no need to merge FGs 28-2/28-3 into the FG 28-1.
In addition to the maximum UE bandwidth, since FG 28-1 is used to capture the basic RedCap UE features, we think following functions should be discussed further on whether and how to include them as the RedCap UE basic UE features.   
· Adding basic FG for the operation with SSB in a UE-specific BWP for RedCap UEs

Based on the discussion in RAN1#106bis-e meeting, Option 2 was considered as one compromised solution for RedCap UE operation on the initial/non-initial DL BWP [3]. The majority shared the views that if an RRC-configured DL BWP (if it does not include CD-SSB and the entire CORESET#0) is configured in FR1, then the RedCap UE shall expect it to contain NCD-SSB for serving cell but not CORESET#0/SIB. Therefore, we think following should be added in the FG 28-1 as basic RedCap UE features.

3. Basic BWP operation for RedCap UE

· 1 UE-specific RRC configured DL BWP per carrier

· 1 UE-specific RRC configured UL BWP per carrier

· RRC reconfiguration of any parameters related to BWP
· BW of a UE-specific RRC configured BWP includes BW of SSB for PCell/PSCell 

· BW of UE-specific RRC configured BWP may not include BW of MIB-configured CORESET#0 

Proposal 2: Following “Basic BWP operation for RedCap UE” should be added as RedCap UE basic UE features and can be considered to be included in the component column of the FG28-1.

3. Basic BWP operation with restriction for RedCap UE

· 1 UE-specific RRC configured DL BWP per carrier

· 1 UE-specific RRC configured UL BWP per carrier

· RRC reconfiguration of any parameters related to BWP

· BW of a UE-specific RRC configured BWP includes SSB for PCell/PSCell 

· BW of UE-specific RRC configured BWP may not include BW of MIB-configured CORESET#0 

For a RedCap UE operation without SSB in a UE-specific BWP, similar as FG6-1a for non-RedCap UEs, this should be specified as optional FG. A RedCap UE can optionally supports the FG6-1a with capability signaling. FG28-x gives one example.

	28. NR_redcap
	28-x
	BWP operation without restriction on BW of BWP(s) for RedCap UE
	BW of UE-specific RRC configured BWP may not include BW of the SSB for PCell/PSCell
	
	Yes
	
	Impact on UE complexity
	[Per band]
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling


Proposal 3: An optional, new FG can be introduced for the operation without SSB in a UE-specific BWP for RedCap UEs 

· Separate initial UL/DL BWP for RedCap UE

Following agreements and working assumptions related to the separate initial UL/DL BWP for RedCap UE were made in RAN1#106bis-e meetings [1].
	Agreement: 
· 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

Working Assumption: 
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.

· Working assumption: It can be used during initial access

· It can be used after initial access.

· It is no wider than the maximum RedCap UE bandwidth.

· FFS: It is always configured if the initial DL 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.

· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included


Depending on network’s deployment strategy, there could be use cases that only separate initial UL BWP is configured for the RedCap UEs for at least offloading the UL transmissions related to initial access. Therefore, the new FGs related to the separate initial DL BWP and the separate initial UL BWP should be introduced for RedCap UEs. 
For a separate initial UL BWP, it should include the configuration(s) needed for RedCap UE to perform random access, e.g., the RedCap-specific PRACH configuration, Msg.3 and PUCCH for Msg.4 acknowledgment etc. For a separate initial DL BWP if configured, further discussion is needed on what should be included within the separate initial DL BWP. As discussed in our companion contribution [4], the separate initial DL BWP should at least include the CSS/CORESET for random access, and it is configurable to include the SSB, CORESET/CSS for paging, CORESET/CSS for SIB1/SIs and MIB-configured CORESET#0.
Besides, according to the agreements and working assumptions, a separate initial UL and DL BWP can be used during the initial access before UE indicating its capability, further discussion is needed on whether the two FGs should be optional without capability or optional with capability. 
Proposal 4: Introduce following new FGs related to the separate initial UL BWP and the separate initial DL BWP for RedCap UEs: 
· FG 28-y: A separate initial UL BWP 
· It includes the configuration(s) needed for RedCap UE to perform random access;

· FG 28-z: A separate initial DL BWP 
· It includes CSS/CORESET for random access. 
· It may include CSS/CORESET for paging and in such case, the RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
Proposal 5: For the two new FGs of the separate initial UL and DL BWP, further discussion is needed on whether the two FGs are optional without capability signaling or optional with capability signaling. 
· Early indication for RedCap UE

RAN1 agreed to support the early indication of RedCap UE in Msg1 for 4-step RACH and 2-step RACH. In addition, RAN2 agreed to support early indication of RedCap UE by Msg3 based on dedicated LCID (if SA3 confirms there is no problem) [5]. Therefore, following example FGs related to early indication for RedCap UE should be added:

	28. NR_redcap
	28-u
	Early indication of RedCap UE in Msg.1 for 4-step RACH 
	1) The early indication in Msg1 for 4-step RACH in shared initial UL BWP can be configured to be enabled/disabled via SIB

2) The early indication PRACH resources including RO and preamble determination in shared initial UL BWP
	28-1
	Yes
	
	Impact on UE performance 
	[Per band]
	No
	[No]
	
	Shared initial UL BWP is for the initial UL BWP sahred between RedCap and non-RedCap 
	Optional with capability signalling

	28. NR_redcap
	28-ua
	Early indication of RedCap UE in Msg.A for 2-step RACH
	1) The early indication in Msg1 for 2-step RACH in shared initial UL BWP can be configured to be enabled/disabled via SIB

2) The early indication Msg.A resource (FFS Msg.A PRACH or Msg.A PUSCH) determination in shared initial UL BWP
	9-1, 28-1
	Yes
	
	Impact on UE performance
	[Per band]
	No
	[No]
	
	Shared initial UL BWP is for the initial UL BWP sahred between RedCap and non-RedCap
FG 9-1 is Basic channel structure and procedure of 2-step RACH
	Optional with capability signalling

	28. NR_redcap
	28-v
	Early indication of RedCap UE in Msg.3
	1) The early indication of RedCap UE in  Msg3 based on dedicated LCID 
	28-1
	Yes
	
	Impact on UE performance
	[Per band]
	No
	[No]
	
	
	Optional with capability signalling


From our understanding, if the separate initial UL BWP is configured for RedCap UEs, the PRACH transmission is the separate initial UL BWP naturally indicate the RedCap UE. Therefore, the FG of early indication of RedCap UE in Msg.1 for 4-step RACH is needed only when the initial UL BWP is shared between the RedCap and non-RedCap UEs. Since separate initial UL BWP is basic RedCap UE features, there is already a way to early indicate the RedCap UE. To reduce the UE implementation complexity and testing efforts for duplicated function, the FG28-u or FG28-v of early indication in Msg.1 or in Msg.3 should be optional UE FG. 
Proposal 6: Adding following optional FGs related to the early indication for RedCap UE.

· FG28-u:  Early indication of RedCap UE in Msg.1 for 4-step RACH

· FG28-ua: Early indication of RedCap UE in Msg.A for 2-step RACH

· FG28-v: Early indication of RedCap UE in Msg.3
2.1.2. Issue#2: The type for FG 28-1 
For issue#2 of the indication type for FG 28-1, it can be found in TS 38.101 Table 5.3.5-1 that many bands could be deployed with channel bandwidth of up to 20MHz, for example band n2/n5/n8, …. In these bands, since the channel bandwidth deployed by the NW is not larger than the maximum bandwidth supported by RedCap UEs, there is no need for a UE capable of up to 20MHz BW to report it is a RedCap UE, which will have lower performance. Therefore, it is reasonable to indicate the RedCap type per-band. If FG 28-1 is specified per band, there is no need of FDD/TDD differentiation and no need of FR1/FR2 differentiation
Proposal 7: The indication type for 28-1 should be per band.
· There is no need for FDD/TDD differentiation and no need of FR1/FR2 differentiation

2.2. Discussion on FG 28-2, FG 28-3 and FG 28-5
	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


For FG 28-2, as captured and clarified in the note that the Detailed signalling is up to RAN2. We can keep FG 28-2 in brackets [] as it is informative. Regarding to the type, we are fine with either per FSPC to keep the consistency as for the capability of maxNumberMIMO-LayersPDSCH or per band. 
Proposal 8: The Type of FG28-2 should be either per FSPC or per band.

For 28-3 of Half-duplex FDD operation type A for RedCap UE, the type should be per band, as the implementation could be different across wide range of different FDD bands.
Proposal 9: The Type of FG28-3 should be per band.

For FG 28-5, we think this FG is not needed for RedCap, since the capability of pusch-256QAM in TS 38.306 is already an optional capability and reported per band. RedCap UE can re-use this capability. It is noted that the legacy UE is mandated to support 256QAM MCS table even if it does not support 256QAM on uplink. To reflect the agreement made in RAN1#105-e meeting that for RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH. We would be fine to add a note in FG 1-5 (256QAM for PUSCH) to clarify that “For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH”. 
Proposal 10: Remove the FG 28-5 of UL 256QAM support for RedCap UE. 
· The optional capability of pusch-256QAM can be reused for RedCap UE.
· 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”

3. Proposal Summary
In this contribution, we provide our comments for the RedCap UE features. Following are the proposals:

Proposal 1: There is no need to merge FGs 28-2/28-3 into the FG 28-1.
Proposal 2: Following “Basic BWP operation for RedCap UE” should be added as RedCap UE basic UE features and can be considered to be included in the component column of the FG28-1.

3. Basic BWP operation with restriction for RedCap UE

· 1 UE-specific RRC configured DL BWP per carrier

· 1 UE-specific RRC configured UL BWP per carrier

· RRC reconfiguration of any parameters related to BWP

· BW of a UE-specific RRC configured BWP includes SSB for PCell/PSCell 

· BW of UE-specific RRC configured BWP may not include BW of MIB-configured CORESET#0 

Proposal 3: An optional, new FG can be introduced for the operation without SSB in a UE-specific BWP for RedCap UEs 

Proposal 4: Introduce following new FGs related to the separate initial UL BWP and the separate initial DL BWP for RedCap UEs: 
· FG 28-y: A separate initial UL BWP 

· It includes the configuration(s) needed for RedCap UE to perform random access;

· FG 28-z: A separate initial DL BWP 
· It includes CSS/CORESET for random access. 
· It may include CSS/CORESET for paging and in such case, the RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
Proposal 5: For the two new FGs of the separate initial UL and DL BWP, further discussion is needed on whether the two FGs are optional without capability signaling or optional with capability signaling. 

Proposal 6: Adding following optional FGs related to the early indication for RedCap UE.

· FG28-u:  Early indication of RedCap UE in Msg.1 for 4-step RACH

· FG28-ua: Early indication of RedCap UE in Msg.A for 2-step RACH

· FG28-v: Early indication of RedCap UE in Msg.3
Proposal 7: The indication type for 28-1 should be per band.

· There is no need for FDD/TDD differentiation and no need of FR1/FR2 differentiation

Proposal 8: The Type of FG28-2 should be either per FSPC or per band.

Proposal 9: The Type of FG28-3 should be per band.

Proposal 10: Remove the FG 28-5 of UL 256QAM support for RedCap UE. 
· The optional capability of pusch-256QAM can be reused for RedCap UE.

· 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”
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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.

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


