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1. Introduction
This document summarizes contributions submitted to AI 8.17.6 regarding UE features for RedCap and captures the following email discussion.
	[106bis-e-R17-UE-features-REDCAP-01] Email discussion UE features for REDCAP – Shinya (DOCOMO) 
· 1st check point: October 14
· Final check point: October 19



In the preliminary RAN1 UE features list for Rel-17 NR [1], there are following feature groups for RedCap.
· [bookmark: _Hlk85011108]28-1	RedCap UE
· 28-2	Number of UE Rx branches and DL MIMO layers for RedCap UE
· 28-3	Half-duplex FDD operation for RedCap UE
· 28-4	DL 256QAM support for RedCap UE
· 28-5	UL 256QAM support for RedCap UE

Based on the discussions summarized in Sections 2-7, following is the suggested list of issues to be discussed and priority order considering RAN2 impact especially for capability signaling design, which are tagged and colour coded with High priority, Medium priority, or Low priority.

FL proposal of list of issues/proposals and priority:
· High priority issues (such as a certain FG is necessary or not):
· Discuss whether/how to merge FGs 28-2/28-3 and/or any other features into FG 28-1
· Discuss whether to add an FG on top of FG 6-1 for the operation with SSB in a UE-specific BWP for RedCap UEs
· Discuss whether to add an FG on top of FG 6-1a for the operation without SSB in a UE-specific BWP for RedCap UEs
· Discuss whether to remove FG 28-2 and add a note in FG2-3 (maxNumberMIMO-LayersPDSCH) on how the existing FG should be interpreted for RedCap UEs
· Discuss whether to split the capabilities of 1 Rx branch/1 DL MIMO layer and 2 Rx branches/2 DL MIMO layers in FG 28-2 into different FGs
· Discuss whether to remove FG 28-4 and add a note in FG1-4 (pdsch-256QAM-FR1) on how the existing FG should be interpreted for RedCap UEs
· Discuss whether to remove FG 28-5
· Discuss whether/how to add FG(s) for early indication of RedCap UE
· Medium priority issues (such as components and type that have capability signaling impacts):
· Discuss whether FG 28-1 should be supported as a basic FG for RedCap UE
· Discuss xDD/FRx differentiation for FG 28-1
· Discuss whether the type of FG 28-2 should be per band or per FSPC
· Discuss xDD/FRx differentiation for FG 28-2
· Discuss whether the type of FG 28-3 should be per band or per UE
· Discuss whether the type of FG 28-4 should be per band or per UE
· Discuss FR1/FR2 differentiation for FG 28-4
· Discuss whether the type of FG 28-5 should be per band or per UE
· Discuss FR1/FR2 differentiation for FG 28-5
· Discuss whether/how to discuss which Rel-17 UE features are not applicable to RedCap UEs
· Low priority issues (such as components that do not have capability signaling impacts)
· Discuss whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-1
· Discuss whether/how to revise any other contents in FG 28-1 which do not have capability signaling impacts
· Discuss whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-2
· Discuss whether/how to revise any other contents in FG 28-2 which do not have capability signaling impacts
· Discuss whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-3
· Discuss whether/how to revise any other contents in FG 28-3 which do not have capability signaling impacts
· Discuss whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-4
· Discuss whether/how to revise any other contents in FG 28-4 which do not have capability signaling impacts
· Discuss whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-5
· Discuss whether/how to revise any other contents in FG 28-5 which do not have capability signaling impacts
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2. 28-1: RedCap UE
In [1], FG 28-1 is captured as below.
	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.
	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling



Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[2]
	FUTUREWEI
	Observations
1. [bookmark: _Ref83669958]The “Mandatory/Optional” column is missing basic feature-type text such as “A RedCap UE must indicate that this FG is supported”
“Basic” features as discussed in [3] were used in the development of the Rel-16 UE features list [4] for a number of features, such as NRU, V2X, and others. Although all features and FG are “optional with capability signalling”, any FG designated as “basic” must be supported by the UE when the feature is supported. In some cases, the FG structure was first decided with a note that stating a FG “may be basic”, and then whether it was basic or not later. The term “basic” itself is just a shorthand, anything equivalent to “the UE must indicate that this FG is supported” for the feature to be used.
For RedCap, the current formulation in [1] is dangerous as it allows RedCap UEs to support Reduced Bandwidth 28-1 but NOT Reduced RX branches 28-2. Further, if the pre-requisite of 28-2 is put into [ ] for discussion, then there is a chance that RedCap UEs could support Reduced RX branches but NOT reduced bandwidth. These combinations are against the letter and spirit of the WID, and should be prohibited in the UE features. One solution is to add “basic” language to the “Mandatory/Optional” column for 28-1 and 28-2. Another solution, which may be a preferred one, is to create a single basic FG (or perhaps one for FR1 and one for FR2) which contains all of the components that a RedCap UE is expected to support. This would include at least include the contents of 28-1 and 28-2, as well as any other basic functionality.

	[3]
	Ericsson
	FG 28-1 (‘RedCap UE’)
For FG 28-1 (‘RedCap UE’), the ‘Need of FR1/FR2 differentiation’ is set to ‘[No]’. FR1/FR2 differentiation would be needed if it is desired to indicate that a UE supporting both FR1 and FR2 is a RedCap UE in one of the frequency ranges but not in the other frequency range. It is currently not clear to us whether there might be a need for such a hybrid UE.
[bookmark: _Toc84039537]Discuss whether there is any need of FR1/FR2 differentiation for FG 28-1 (‘RedCap UE’).

	[4]
	Spreadtrum
	For RedCap UE, the maximum bandwidth is reduced. The related objectives in the WID [1] are listed as follows.
	· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.


These are baseline capability of the maximum bandwidth for RedCap UEs.
Based on the above, the components of FG x-1 are listed below.
· The maximum channel bandwidth 20MHz for FR1
· The maximum channel bandwidth 100MHz for FR2
The notes for FG x-1 are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 1: Define FG x-1 for the maximum bandwidth for RedCap UEs.
It is proposed in [2] to define two capabilities for operation with or without SSB in a UE-specific BWP similar as FG 6-1 and FG 6-1a. Operation without SSB in a UE-specific BWP needs the RedCap UEs to retune RF autonomously for AGC/sync/measurement, and thus it is a separate capability.
FG 6-1 and FG 6-1a are listed as follows.
	FG 6-1
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

FG 6-1a
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


The FG 6-1 like for RedCap UEs could be defined on top of FG 6-1.
	BW of a UE-specific RRC configured BWP includes BW of CORESET associated to CSS (if CORESET associated to CSS is present) and SSB, where CSS is SIB1, OSI, RAR or paging CSS


The FG 6-1a like for RedCap UEs could be defined on top of FG 6-1a:
	BW of UE-specific RRC configured BWP may not include BW of the CORESET associated to SIB1, OSI, RAR or paging CSS (if SIB, OSI, RAR or paging CSS is present) and SSB



Based on the above, the components of FG x-2 on top of FG 6-1 are listed below.
· BW of a UE-specific RRC configured BWP includes BW of CORESET associated to CSS (if CORESET associated to CSS is present) and SSB, where CSS is SIB1, OSI, RAR or paging CSS
The notes for FG x-2 are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 2: Define FG x-2 on top of FG 6-1 for the operation with SSB in a UE-specific BWP for RedCap UEs.
Based on the above, the components of FG x-2a on top of FG 6-1a are listed below.
· BW of UE-specific RRC configured BWP may not include BW of CORESET associated to CSS (if CORESET associated to CSS is present) and SSB, where CSS is SIB1, OSI, RAR or paging CSS
The notes for FG x-2a are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 3: Define FG x-2a on top of FG 6-1a for the operation without SSB in a UE-specific BWP for RedCap UEs.
The above FG x-2/x-2a is like FG 6-1/6-1a respectively to solve SSB presence issue. Like FG 6-2/6-3/6-4 (shown in Appendix A.1), some FGs can be defined if there is progress.
Proposal 4: Define FGs like FG 6-2/6-3/6-4 for further progress.

	[5]
	vivo
	In current FG 28-1 of RedCap UE, only one component that the maximum RedCap UE bandwidth is included. In addition to the maximum UE bandwidth, we think there are other features that need to be discussed on whether/how to include them as the RedCap UE basic UE features. We provide our views in the following.    
· Basic BWP operation with restriction for RedCap UE
For non-RedCap UEs, FG 6-1 defines the capability for basic BWP operation which is mandatory without capability signaling. Following are included in the FG6-1:
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 
For RedCap UE, it was agreed in RAN1#105-e meeting [3] that 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. In RAN1#106-e meeting, there were extensive discussions and the majority shared the views that if an RRC-configured DL BWP is configured in FR1, then the UE shall not expect it to contain MIB-configured CORESET#0. Otherwise, the configuration of the UE-specific RRC configured for the RedCap UE is too limited. While the network may configure MIB-configured CORESET#0 to be within the RRC-configured DL BWP, details can be found in our companion contribution [4]. Therefore, the basic BWP operation with restriction for RedCap UE should include following:
· 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 

Given the basic BWP operation with restriction for RedCap UE should be mandatory RedCap UE type capability, we think it should be included in the RedCap basic UE features, e.g. included in the component column of the FG28-1 as shown below.
	 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. 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 BW of SSB for PCell/PSCell 
· BW of UE-specific RRC configured BWP may not include BW of MIB-configured CORESET#0 

	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling



Proposal 1: Following “Basic BWP operation with restriction for RedCap UE” should be classified as RedCap UE basic UE features and can be considered to be included in the component column of the FG28-1.
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 non-RedCap UEs, FG6-1a as shown below defines the capability with optional signaling for BWP operation without restriction on BW of BWP(s). Similar as non-RedCap UEs, RedCap UE can optionally supports the FG6-1a with capability signaling. 
	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
	6-1, 6-2, 6-3, or 6-4
	bwp-WithoutRestriction
	BandNR
	n/a
	n/a
	6-1a is applicable to 6-1, 6-2, 6-3, or 6-4.
	Optional with capability signalling



Alternatively, a new FG of “BWP operation without restriction on BW of BWP(s) for RedCap UE” can be introduced to simplify the description, 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 2: For RedCap UE, the optional feature of BWP operation without restriction on BW of BWP(s) that is the BW of UE-specific RRC configured BWP may not include BW of the SSB for PCell/PSCell can either re-use the existing FG6-1a or introduce a new FG with the simplified description. 

· Separate initial UL/DL BWP for RedCap UE
Following working assumptions related to the separate initial UL/DL BWP for RedCap UE were made in RAN1#105-e meeting [3].
	Separate initial UL BWP

Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  
Working assumption:
· Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.

Separate initial DL BWP
Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case



According to the agreements and working assumptions, a separate initial UL BWP can be used both during and after the initial access. Since the separate initial UL BWP can be used during the initial access, it is natural to classify the feature of a separate initial UL BWP for RedCap UE as the RedCap UE basic UE feature.  
For a separate initial DL BWP, it was WA that it can be used at least after the initial access and FFS during the initial access. Based on the discussions in RAN1#106-e meeting [] and from our perspective, many companies share the views that the separate initial DL BWP can also be used during the initial access for offloading purpose and/or aligning the center frequency between the initial DL and UL BWP in TDD. Therefore, we think the separate initial DL BWP should also be identified as the RedCap UE basic UE feature.
Proposal 3: The features of “A separate initial UL BWP” and “A separate initial DL BWP” should classified as RedCap UE basic UE features and can be considered to be included in the component column of the FG28-1.
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. However, for a separate initial DL BWP, further discussion is needed on what should be included within the separate initial DL BWP as RedCap UE basic operation. 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.
Proposal 4: As RedCap UE basic UE features,
· A separate initial UL BWP should include the configuration(s) needed for RedCap UE to perform random access;
· A separate initial DL BWP should include CSS/CORESET for random access. 
· It is configurable to include following in the separate initial DL BWP:
· SSB
· CORESET/CSS for paging
· CORESET/CSS for SIB1/SIs
· MIB-configured CORESET#0.

	[6]
	Huawei, HiSilicon
	The maximum RedCap UE bandwidth is supposed to be the most basic criteria for identification of UE Type. On the other hand, it is also necessary for network to be able to identify a RedCap UE during initial access, in other words, the identification of RedCap UEs can be classed into two cases:
1) Through implicit Msg1/MsgA or explicit Msg3 early identification during initial access, when network configures/enables such
2) Through UE capability report framework after initial access. 
Early identification is a RAN2-led objective although there were extensive RAN1 discussion, especially the Msg1 based approach was agreed from RAN1. This can be captured from RAN1 perspective while up to RAN2 to decide.
There does not seem to be problem if FG 28-1 is considered as no need of FR1/FR2 differentiation.
Proposal 2: For FG 28-1,
· Add [early identification through Msg1/MsgA(if 2-step RACH supported) and/or Msg3] into FG 28-1 and ask RAN2 to confirm
· No need of FR1/FR2 differentiation.


	[7]
	ZTE, Sanechips
	According to the current discussion, the separate initial UL BWP in TDD and FDD is supported. And the separate initial DL BWP in TDD is also supported.
	Agreement in RAN1 #106e
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.



	Working assumption in RAN1#105e: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled


For RedCap UE, it nature to assume that the separate initial DL/UL BWP is mandatorily supported since it is indicated by SIB1 before UE capability report. More specifically, for the separate UL initial BWP, the RedCap UE need to start the RACH procedure in this BWP. It should be a basic group for RedCap. For the separate initial DL BWP in TDD, if the separate initial UL BWP is mandatorily supported, the separate initial DL BWP also should be mandatory for RedCap UE due to the center frequency alignment. For the separate initial DL BWP in FDD, if paging and RAR can be configured in the BWP, the feature of separate initial DL BWP  also should be mandated supported for RedCap UE. If the separate initial DL BWP in FDD is not supported, the corresponding feature is also not needed. 
Proposal 16: For RedCap UE, 
· Separate UL initial BWP is a basic component.
· FFS on separate DL initial BWP.


	[8]
	Samsung
	Other than the supported bandwidth, we think it is might be further clarified that, the DL modulation order for FR 1 is related, in order to get a ful picture of RedCap UE. At least the support of 64QAM for DL should be added. This is different from the number of UE Rx branches or HD-FDD UE. For UE Rx branches, Feature 28-2 cover all the cases on the number of UE Rx branches. But in Feature 28-4, it only support DL 256QAM as a DL feature. 
In our understanding, this features is a flag to report as whether this UE is a RedCap UE or not. Since UE will report the supporting bands in other IE, therefore, for the need of FR1/FR2 differention, it can be No.
Proposal #1: Add the following components:
1. Support of 64QAM for PDSCH for RedCap UE
2. [Support of 64QAM for PUSCH for RedCap UE]
Proposal #2: No need of FR1/FR2 differentiation for feature 28-1.

	[9]
	MediaTek
	For the UE features that are specific for RedCap UEs, it is essential to first decide if there is capability signalling where the UE can indicate that it is a “RedCap UE”. The following RAN2 agreements indicate that there will such capability signalling:
	Agreement (RAN2#114e):
1. 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
1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.



However, there is still discussion in RAN1/RAN2 on what features are considered as part of the RedCap UE type. RAN1 has agreed to have the BW limitation as part of the RedCap UE type.
	Agreement (RAN1#106e)
         A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
         Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
o    Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
o    Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
o    Supports either DL up to 64 QAM or up to 256 QAM for FR1
o    Does not support CA/DC



Thus, there is no need to have capability signalling for the basic/mandatory features that are considered part of the RedCap UE type (e.g. the supported BW as agreed by RAN1). In our view, the following features should be part of the RedCap UE type and there is no need for capability signalling for these features:
· FG28-1: The maximum UE bandwidth of 20MHz/100MHz in FR1/FR2 should be mandatory for RedCap UEs. Also, RedCap UEs are not allowed to support maximum UE bandwidth larger than 20MHz/100MHz in FR1/FR2.
· FG28-2: 1Rx should be mandatory for RedCap UEs and there is no need for capability signalling. 2Rx is optional for RedCap UEs.
· FG28-3: RedCap UEs should at least support HD-FDD. FD-FDD is optional for RedCap UEs.

	Index
	Feature group
	Components
	Prerequisite FG
	Type

	Note
	Mandatory/Optional

	28-1
	Basic RedCap UE features
	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.
	
	Per UENA
	These features are mandatory for a UE that indicates “RedCap UE”.
RedCap UEs do not support carrier aggregation, or dual connectivity or maximum UE BW larger than 20MHz/100MHz in FR1/FR2.
	MandatoryOptional with capability signaling

	28-2
	Number of UE 2Rx 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, with maximum 2 DL MIMO layers are supported.
	28-1
	[Per band]
	
	Optional with capability signaling

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




	[10]
	Intel
	For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

	[11]
	DOCOMO
	As discussed in our companion contribution [2],	the preliminary RAN1 UE features for RedCap in [1] is well constructed considering the RedCap UE type, i.e.,
· FGs 28-2 to 28-4 correspond to the capability candidates which may be captured to the RedCap UE type as follows
· FG28-2: Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· FG28-3: Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· FG28-4: Supports either DL up to 64 QAM or up to 256 QAM for FR1
· The note of FG28-1 captures that RedCap UEs do not support CA or DC
· FG 28-1 is the prerequisite FG of FGs 28-2 to 28-4 and hence, these capabilities can be used only for RedCap UEs
Therefore, the 2nd and 3rd objectives to define the RedCap UE type, i.e., constraining the use of those RedCap capabilities only for RedCap UEs and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least CA, DC and wider BWs, are satisfied even if RedCap UE type is defined only by FG28-1. In that sense, we propose to keep FGs 28-1 to FG28-4. More details of our views on each FG are summarized as below:
· FG 28-1: RedCap UE
· FG 28-1 should be kept for “RedCap UE” as basic FG for RedCap UEs
· In “mandatory/optional” column, it should be clarified that “RedCap UEs must indicate this FG is supported.”
· Components of FG 28-1 should be kept
· Report type of FG 28-1 should be per UE
· FDD/TDD and FR1/FR2 differentiation are not necessary for FG 28-1
· Note of FG 28-1 should be kept

	[12]
	Apple
	As discussed in our companion paper [2], we propose to introduce an optional UE feature FG 28-x to indicate the support of DL BWP without SSB in RRC_CONNECTED state, analogous to legacy FG 6-1A. 
Proposal 5: Introduce a new FG 28-x that is used to indicate the support of a UE-specific DL BWP without SSB when UE is in RRC_CONNECTED state.  

	[13]
	Nokia, Nokia Shanghai Bell
	Detailed comments on UE features are listed below. For reference, the feature list is available in the Annex. 
· Text currently on fields about ”consequences if not supported by the UE” is not appropriate for specifications, and can be removed
· FGs 28-2, 28-4, and 28-5 are essentially providing same information as FGs 2-3, 1-4, and 1-5, respectively. It is not clear if those need to be defined separately or if it is enough to add a note on 38.306 on how these existing FGs should be interpreted for REDCAP UEs. 
Proposal: Consider the observations and modifications proposed above for the next version of the corresponding RAN1 UE features list.




Discussion
[FL1] High priority question 2-1:
· Companies are encouraged to provide views on whether/how to merge FGs 28-2/28-3 and/or any other features into FG 28-1
	Company
	Comment

	Huawei, HiSilicon
	There is no need to merge FGs 28-2/28-3 into the FG 28-1. How a UE report e.g. number of Rx branches is a signaling issue as FL already captured in the Note column. 

	Qualcomm
	We don’t think it is necessary to merge FG 28-2, 28-3 and other features into FG 28-1.
Regarding FG 28-1, we think “BW of UE-specific RRC configured BWP may not include BW of MIB-configured CORESET#0” should not be included in  Basic BWP operation with restriction for RedCap UE. 


	DOCOMO
	We don’t think FGs 28-2/28-3 or any other features should be merged into FG 28-1.
As clarified in the note in FG 28-2, how to indicate the number of UE Rx branches and DL MIMO layers for RedCap UE is up to RAN2.
FG 28-3 should be optional feature for RedCap UEs and hence should not be merged into FG 28-1.

	Spreadtrum
	No need to merge.

	vivo
	There is no need to merge FGs 28-2/28-3 into the FG 28-1. FG 28-1 is used to capture the basic RedCap UE features, more may be added to 28-1, such as UE expects SSB within the RRC configured BWP, etc. FG 28-2 and FG28-3 are not basic redcap UE features and can be signaled independently. 
Regarding mandating 1Rx for RedCap as proposed by companies, it is true that RedCap UE has to have at least 1Rx physically, but a 2Rx capable RedCap UE (e.g. devices with no strict form factor limitation) may not pass the 1Rx performance requirement and the corresponding tests thus cannot be assumed to support 1Rx by default. 

	NEC
	We don’t see any necessity to merge any other feature group into FG28-1.

	ZTE, Sanechips
	For the FG 28-1, it is suggested to add the Rx information in the Note column, for example “RedCap UEs support either 1 or 2 Rx branches and corresponding maximum DL MIMO layers.”

	Nordic
	No need to merge, Basic feature at least 1Rx and reduced BW.     HD-FDD should apply to all indicated FDD bands.

	Samsung
	No need for 28-2 and 28-3 but we suggest to merge FG 28-4 for UL modulation.
Alternatively, we can consider to have note on current FGs for NR. 

	MediaTek
	We don’t think the intention should be merging FGs 28-2/28-3 and/or any other features into FG 28-1. However, all the “basis features/components” in FGs 28-1/28-2/28-3 should be under one FG.
In our view, there should be a FG that defines the “basis features” for RedCap UE for the following reasons:
· For complexity reduction purposes, RAN1 changed the “basic features” that were defined for non-RedCap UEs (BW, #Rx, duplexing). Hence, new set of “basic features” should be defined for RedCap UEs.
· If there is no “basic features” for RedCap UE, it will be problematic to define the rest of the features. As an example, if the UE does not report FG28-2 (as it is optional based on the current version), what should be the assumption in the NW side? Does it mean that the UE supports 1Rx? If so, this means 1Rx is the baseline assumption for RedCap UEs.

	Nokia, NSB
	No need to merge the FGs.

	Ericsson
	Currently we see no need to merge FGs 28-2/28-3 into FG 28-1, but we are open to discuss pros and cons with different approaches.

	FUTUREWEI
	Basic features need to be labeled as such in the mandatory/optional column.
We favor creating a single basic FG which contains all of the components that a RedCap UE is expected to support. This would include at least include the contents of 28-1 and 28-2, as well as any other basic functionality. Note that FG28-2 should be removed as it is against our agreement for signaling RX branches.
For the comments that FG28-1 should indicate only 1RX, this is against the agreement as well. FG 28-1 should simply indicate that the UE is not 4RX and refer to how the existing signaling is used to determine the RX branches.

	Intel
	We do not see a need to merge the FGs.

	Lenovo, Motorola Mobility
	We do not see a need to merge the FGs. 

	FL2
	According to the comments provided so far, most of companies don’t see the necessity to merge FGs 28-2/28-3 into FG 28-1 while some others prefer to include other basic features for RedCap UE in FG 28-1.
Therefore, following proposal is made 1) to confirm FG 28-1 is kept as “RedCap UE” and 2) FFS whether to add any other basic features for RedCap UE. Also, another proposal 4-0 is made to confirm FG 28-3 is kept as “Half-duplex FDD operation for RedCap UE” in Section 4.
[FL2] High priority proposal 2-1:
· 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 any contents highlighted in yellow mean FFS and to be discussed further.

	vivo
	Due to the reason provided in the previous round, we think the indication type for 28-1 should be per band, but we are fine to further discuss. 

	Nokia, NSB
	We support the FL proposal.

	Qualcomm
	We agree with the comment of Vivo on FL2 proposal for FG 28-1. It should be specified per band given the potential UE testing differentiation among NR licensed, unlicensed and NTN bands. Besides, a RedCap UE does not need to support both FR1 and FR2.

	ZTE, Sanechips
	The Rx info should be the basic component for RedCap. The following is suggested to add in the FFS part: RedCap UEs support either 1 or 2 Rx branches and corresponding maximum DL MIMO layers.
Additionally, per band or per UE discussion is also related to RAN2 and it can be discussed in RAN2 firstly.

	Ericsson
	We support the FL proposal.

	Intel
	We support the FL proposal.

	Nordic
	Regarding Band/UE.  There could be separate sub-features for Licensed, Unlicensed (if supported in the end) and NTN  (if supported in the end)

	Apple 
	We are fine with new FL proposal. 
On ‘per UE’ vs. ‘per band’, we share the view that ‘per band’ is more feasible and ‘per UE’ should be put with bracket at this moment.  

	FUTUREWEI2
	We can accept the FFS for now but two changes are needed:
· Add the no more than 2RX branches to the cell that says CA and DC are not supported
· Add into the optional with capability signaling column the note of FG28-2

	NEC
	We support the FL proposal.

	Samsung
	Fine with the proposal, and can accept to put bracket for “per UE”

	DOCOMO
	We support the FL proposal

	FL3
	Please note that any contents highlighted in yellow mean FFS and to be discussed further. Here the proposal is discussing whether FG 28-1 is necessary or not. Since no concerns/objections have been received so far (more than 24 hours from FL2) regarding keeping FG 28-1, the same proposal is set for email endorsement at 1st check point (Oct 14th).
High priority proposal 2-1:
· 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 any contents highlighted in yellow mean FFS and to be discussed further.

	FL4
	Following was agreed at the 1st check point (October 14)

High priority proposal 2-1:
· 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



Let’s further discuss the contents highlighted in yellow in the next step.

	FUTUREWEI
	Though not captured below, the “Mandatory/Optional” needs the text added “A RedCap UE must indicate that this FG is supported”

	ZTE, Sanechips
	The Rx info should be the basic component for RedCap and suggested to be added in the column 4 or 13, e.g., RedCap UEs support no more than 2 Rx branches and corresponding maximum DL MIMO layers
And similar view with FUTUREWEI, a RedCap UE should indicate this FG is supported.
Additionally, we are fine with ‘Per UE’. If there is no consensus about ‘Per UE’ in RAN1, it is suggested to be discussed in RAN2.

	Spreadtrum
	Fine

	Ericsson
	Since the FG is literally called “RedCap UE”, it seems a bit redundant to state that all RedCap UEs must indicate that this FG is supported.

	Apple
	FG 28-1 can be categorized as basic feature group for Redcap. 
One example provided below, which reuses the wording of basic feature group defined for Rel-16 NRU
· This FG is a part of basic operation for Redcap. 



[FL1] High priority question 2-2:
· Companies are encouraged to provide views on whether to add an FG on top of FG 6-1 for the operation with SSB in a UE-specific BWP for RedCap UEs
	Company
	Comment

	Huawei, HiSilicon
	TBD after more RAN1 progress under RedCap.

	Qualcomm
	OK to add such a FG.

	DOCOMO
	This question is related to High Priority Proposal 3.2-3 in [106bis-e-NR-R17-RedCap-01] and should be discussed after some progress is made in [106bis-e-NR-R17-RedCap-01]

	Spreadtrum
	OK. Basic BWP operation for RedCap Ues is based on FG 6-1 but slightly different with FG 6-1 (regarding CORESET#0 part).

	Vivo
	It can be discussed further in AI 8.6.1.1, but our view is that additional component can be added to FG 28-1 (rather than FG 6-1) to capture that basic RedCap Ues expect SSB within the RRC configured DL BWP. 


	NEC
	Our preference is to wait for progress in 8.6.1.1.

	ZTE, Sanechips
	Wait for discussion of 8.6.1.1.

	Nordic
	Wait for decision in 8.6.1.1

	Samsung
	Wait for decision in RAN 1 on SSB

	MediaTek
	Prefer to wait for the outcome of 8.6.1.1.

	Ericsson
	Await further progress under AI 8.6.1.1

	Intel
	Wait for further progress in 8.6.1.1.

	Lenovo, Motorola Mobility
	Wait for RAN1 decision on SSB in 8.6.1.1

	FL2
	According to the comments provided so far, most of companies thinks it is better to wait for the discussion in AI 8.6.1.1.
Therefore, no additional proposal is made for now, but any company can propose to add the FG when some progress is made in AI 8.6.1.1.

	Nokia, NSB
	We support the FL proposal.

	Ericsson
	We support the FL proposal.

	Apple 
	We think FL proposal is reasonable. 

Depending on progress of in AI 8.6.1.1., we are ok to either add new component into basic FG 28-1 or create a new FG with adding note that it is part of basic FG for Redcap. 




[FL1] High priority question 2-3:
· Companies are encouraged to provide views on whether to add an FG on top of FG 6-1a for the operation without SSB in a UE-specific BWP for RedCap UEs
	Company
	Comment

	Huawei, HiSilicon
	TBD after more RAN1 progress under RedCap.

	Qualcomm
	FFS. If added, such FG should not be mandatory for RedCap UE.

	DOCOMO
	This question is related to High Priority Proposal 3.2-3 in [106bis-e-NR-R17-RedCap-01] and should be discussed after some progress is made in [106bis-e-NR-R17-RedCap-01]

	Spreadtrum
	OK. It is the additional/optional capability based on FG 6-1a. We can defined it and leave room for the complicated UE implementation like FG 6-1a.

	vivo
	It can be discussed further in AI 8.6.1.1, but our view is that Additional FG can be added (as optional) for the support of RRC configured DL BWP without SSB, it will be FG 28-x rather than FG6-1a.

	NEC
	Our preference is to wait for progress in 8.6.1.1.

	ZTE, Sanechips
	Wait for discussion of 8.6.1.1.

	Nordic
	Wait for decision in 8.6.1.1

	Samsung
	Wait for decision in RAN 1 on SSB

	MediaTek
	Prefer to wait for the outcome of 8.6.1.1.

	Ericsson
	Await further progress under AI 8.6.1.1

	Intel
	Wait for further progress in 8.6.1.1.

	Lenovo, Motorola Mobility
	Wait for RAN1 decision on SSB in 8.6.1.1

	FL2
	According to the comments provided so far, most of companies thinks it is better to wait for the discussion in AI 8.6.1.1.
Therefore, no additional proposal is made for now, but any company can propose to add the FG when some progress is made in AI 8.6.1.1.

	Nokia, NSB
	We support the FL proposal.

	Ericsson
	We support the FL proposal.

	Apple 
	Support FL proposal. We can create a new FG 28-x to indicate UE support BWP without SSB, similar as FG6-1a without CORESET#0. 




[FL4] Medium priority question 2-4:
· Companies are encouraged to provide views on whether FG 28-1 should be supported as a basic FG for RedCap UE
	Company
	Comment

	Huawei, HiSilicon
	Y

	Qualcomm
	Y, but we think FG 28-1 should be specified/reported per band, given the potential UE testing differentiation among licensed, unlicensed and NTN bands. 

	Vivo
	Y

	ZTE, Sanechips
	Y

	Nordic 
	We think there should be a baseline feature defined.  At least 1Rx and at least HD-FDD in FDD bands.    

	MediaTek
	Yes, but with additions as explained in the comment to “[FL1] High priority question 2-1”.

	Nokia, NSB
	Yes

	Ericsson
	Y

	FUTUREWEI
	Yes

	Intel
	Yes

	Apple 
	Yes

	Samsung
	Yes. 

	NEC
	Yes

	FL5
	Most companies are generally fine to support FG 28-1 as a basic FG for RedCap UE.
Therefore, following proposal is made
Medium priority Proposal 2-4:
· FG 28-1 is supported as a basic FG for RedCap UE
· It is clarified in the column of “Mandatory/Optional”

	FUTUREWEI
	Ok

	NEC
	Yes

	vivo
	OK

	MediaTek
	Support

	FL
	Following was agreed at the final check point (October 19)
Agreement
· FG 28-1 is supported as a basic FG for RedCap UE
· It is clarified in the column of “Mandatory/Optional”




[FL4] Medium priority question 2-5:
· Companies are encouraged to provide views on xDD/FRx differentiation for FG 28-1
	Company
	Comment

	Huawei, HiSilicon
	No need of FR1/FR2 differentiation.

	Qualcomm
	FG 28-1 should be specified per band and with FRx differentiation

	vivo
	If 28-1 is per band, no need of xDD/FRx differentiation.If 28-1 is per UE, xDD/FRx differentiation will be required. 
Our proposal is to change 28-1 to per band, as there are multiple FR1 bands (according to TS 38.101-1) for which up to 20MHz channel BW is defined, for example band n2/n5/n8…., UEs supporting these bands will be only capable of up to 20MHz BW but should not be regarded as RedCap Ues, i.e. should not indicate 28-1. 

	ZTE, Sanechips
	No need for FR1/FR2 differentiation. If a UE is equipped with 1Rx branch, this UE should be recognized as the RedCap UE regardless of  any band.  

	Nordic
	Support of RedCap is per UE, UE should be RedCap in all bands it indicates to support 

	Samsung
	No need 

	MediaTek
	We don’t see a need to differentiation based on xDD/FRx or having it per band.

	Nokia, NSB
	No need of xDD/FRx differentiation.

	Ericsson
	No strong view

	FUTUREWEI
	Not needed

	Intel
	We do not see a need for xDD/FRx differentiation for FG 28-1.

	Apple 
	If it is defined as per UE, there is clear need to support ‘FRx’ differentiation as different RF components/capability maybe claimed by UE. 
If it is defined as ‘per band’, ‘FRx’ differentiation is not needed.  

	FL4
	Thank you very much for the input so far. Companies are also encouraged to provide their view whether the type of FG 28-2 should be per UE or per band.

	Qualcomm
	Thanks FL for the update. Is “28-2” in the FL4 proposal above a typo (for 28-1) ?

Since
· potential UE testing differentiation is needed for  licensed, unlicensed and NTN bands, and
· it is not necessary for a R17 RedCap UE to support both FR1 and FR2 
we think:
· FG 28-1 should be specified per band
· FG 28-2 should be specified per band
· It is not necessary to consider xDD/FRx differentiation for FG 28-1, if FG 28-1 is specified per band
· It is not necessary to consider xDD/FRx differentiation for FG 28-2, if FG 28-2 is specified per band


	ZTE, Sanechips
	Discussion on xDD/FRx differentiation for FG 28-1 may depend on the discussion on ‘Per UE’ or ‘Per band’. If FG28-1 is per UE,  there is no need to differentiate the xDD/FRx.

	Apple 
	We support defining FG 28-1 as ‘per band’

	Nokia, NSB
	Our understanding is that the UE is not RedCap in one band and “normal UE” in another band. The differentiation between licensed, unlicensed and NTN is another issue completely, and mechanisms exist for it already since Rel-16 without requiring per band indication. Hence, 28-1 should be “Per UE”. Regarding the issue on supporting both FR1 and FR2, we sympathize with the argument from Qualcomm, and hence we can accept FRx differentiation. However, we still don’t see a need for xDD differentiation.

	FL5
	Given that companies have different view and considering the remaining time in this meeting, no additional proposal is made. Companies are encouraged to study the appropriated granularity toward the next RAN1 meeting considering the comments provided so far.




[FL4] Low priority question 2-6:
· Companies are encouraged to provide views on whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-1
	Company
	Comment

	Nokia, NSB
	Consequence should be, e.g. “RedCap is not supported” or “Network assumes UE is not a RedCap UE”. 

	Intel
	Agree with Nokia’s suggestion (prefer the second version).

	Qualcomm
	Network assumes the UE is not a R17 RedCap UE

	FUTUREWEI
	Prefer second option from Nokia

	ZTE, Sanechips
	OK with the second option from Nokia.

	Samsung
	Prefer the second version from Nokia

	Ericsson
	Fine with second version from Nokia

	FL5
	All companies are fine with the second option from Nokia, NSB.
Therefore, following proposal is made
Low priority proposal 2-6:
· 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”

	FUTUREWEI
	ok

	vivo
	OK

	FL
	Following was agreed at the final check point (October 19)
Agreement
· 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”




[FL4] Low priority question 2-7:
· Companies are encouraged to provide views on whether/how to revise any other contents in FG 28-1 which do not have capability signaling impacts
	Company
	Comment

	MediaTek
	Adding to the note the restriction on larger UE BW: “RedCap UEs do not support maximum UE BW larger than 20MHz/100MHz in FR1/FR2, respectively”.

	FL5
	It seems more input is necessary for this issue. No additional proposal is made so far. Companies are encouraged to study the appropriate note toward the next RAN1 meeting considering the comment provided so far.

	NEC
	Similar to FG 2-1, CBW which shall be mandatorily supported should be described though this would be RAN4 issue. 
Note of FG 2-1 could be reused with updates e.g.,
“For FR1, all the bandwidths up to 20 MHz listed in TS38.101-1 v1715.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC. The bandwidths listed in the slide #3 of R4-1805985 are mandatory with a single CC. 90MHz is optional for n41, n77, n78.

For FR2, the set of mandatory CBW is 50, 100, 200 MHz”





3. 28-2: Number of UE Rx branches and DL MIMO layers for RedCap UE
In [1], FG 28-2 is captured as below.
	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
	28-2
	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



Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[2]
	FUTUREWEI
	Observations
1. The “Mandatory/Optional” column is missing basic feature-type text such as “A RedCap UE must indicate that this FG is supported”
“Basic” features as discussed in [3] were used in the development of the Rel-16 UE features list [4] for a number of features, such as NRU, V2X, and others. Although all features and FG are “optional with capability signalling”, any FG designated as “basic” must be supported by the UE when the feature is supported. In some cases, the FG structure was first decided with a note that stating a FG “may be basic”, and then whether it was basic or not later. The term “basic” itself is just a shorthand, anything equivalent to “the UE must indicate that this FG is supported” for the feature to be used.
For RedCap, the current formulation in [1] is dangerous as it allows RedCap Ues to support Reduced Bandwidth 28-1 but NOT Reduced RX branches 28-2. Further, if the pre-requisite of 28-2 is put into [ ] for discussion, then there is a chance that RedCap Ues could support Reduced RX branches but NOT reduced bandwidth. These combinations are against the letter and spirit of the WID, and should be prohibited in the UE features. One solution is to add “basic” language to the “Mandatory/Optional” column for 28-1 and 28-2. Another solution, which may be a preferred one, is to create a single basic FG (or perhaps one for FR1 and one for FR2) which contains all of the components that a RedCap UE is expected to support. This would include at least include the contents of 28-1 and 28-2, as well as any other basic functionality.

	[3]
	Ericsson
	FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’)
For FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’), the ‘Type’ is set to ‘[Per band]’ and the ‘Need of FR1/FR2 differentiation’ is set to ‘[No]’. Note that if the ‘Type’ is indeed agreed to be ‘Per band’, then FR1/FR2 differentiation is supported implicitly and therefore ‘Need of FR1/FR2 differentiation’ can be set to ‘No’. To our understanding, it is likely that it will be desired to indicate support of different number of Rx branches for different bands, so we propose to remove the square brackets.
[bookmark: _Toc84039538]FG 28-2 (‘Number of UE Rx branches and DL MIMO layers for RedCap UE’’) is per band, i.e., all square brackets can be removed.

	[4]
	Spreadtrum
	For RedCap UE, the minimum number of Rx antennas and the maximum number of DL MIMO layers can be reduced to 1 or 2. 
The related objectives in the WID [1] are listed as follows.
	· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.


As agreed in the WI phase, the number of Rx antenna for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework. When the parameter maxNumberMIMO-LayersPDSCH is absent, the UE support 1Rx and 1 MIMO layer.
On the other hand, there is no consensus to specify solutions to reduced PDCCH blocking caused by the large AL due to the reduced number of Rx antennas. Hence, the compact DCI formats (i.e. DCI 0_2/1_2) are still optional. In other words, DCI format 0_0/1_0 and DCI format 0_1/1_1 are mandatory for RedCap Ues as legacy.
Based on the above, the component of FG x-3 for 1 Rx antenna are listed below.
· 1 Rx antenna in the frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antennas
· 1 Rx antenna in the frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antennas
· 1 MIMO layer
The notes for FG x-3 are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 5: Define FG x-3 for 1 Rx antenna/MIMO layer for RedCap Ues.
Based on the above, the component of FG x-3a for 2 RX antennas are listed below.
· 2 Rx antennas in the frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antennas
· 2 Rx antennas in the frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antennas
· Up to 2 MIMO layers
The notes for FG x-3a are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 6: Define FG x-3a for 2 Rx antenna/MIMO layer for RedCap Ues.

	[5]
	vivo
	It is found in TS 38.306 [6] that for non-RedCap UE, the Type for the capability of maxNumberMIMO-LayersPDSCH is per FSPC, hence we think for RedCap, the Type of FG 28-2 should be per FSPC. 
Proposal 6: The Type of FG28-2 should be changed from [per band] to per FSPC.

	[6]
	Huawei, HiSilicon
	It is understood that a UE must report one of the supported number of Rx branches. Thus, the signalling is anyway needed though as optional features to support either one. This can be up to RAN2.

	[7]
	ZTE, Sanechips
	For the other features, e.g., HD-FDD, Rx number, modulation, they also need confirmation. Obviously, 256QAM is an optional capability according to the WID. As for the HD-FDD operation, it is also optional, since we can assume that any RedCap UE in FDD bands is based on HD-FDD operation. As for the Rx number, it is reported according to the maximum DL MIMO layer.
Proposal 18: 256QAM and HD-FDD are optional features for RedCap UE.

	[8]
	Samsung
	The number of supported band might be related to the band, therefore, the report of feature 28-3 can base on per band and no need to differente FR1/FR 2. 
Proposal #3: Feature 28-2 is reported on per band and no need to differentiate FR1/FR 2. 

	[9]
	MediaTek
	For the UE features that are specific for RedCap Ues, it is essential to first decide if there is capability signalling where the UE can indicate that it is a “RedCap UE”. The following RAN2 agreements indicate that there will such capability signalling:
	Agreement (RAN2#114e):
1. 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
1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.



However, there is still discussion in RAN1/RAN2 on what features are considered as part of the RedCap UE type. RAN1 has agreed to have the BW limitation as part of the RedCap UE type.
	Agreement (RAN1#106e)
         A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
         Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
1. Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
2. Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
3. Supports either DL up to 64 QAM or up to 256 QAM for FR1
o    Does not support CA/DC



Thus, there is no need to have capability signalling for the basic/mandatory features that are considered part of the RedCap UE type (e.g. the supported BW as agreed by RAN1). In our view, the following features should be part of the RedCap UE type and there is no need for capability signalling for these features:
· FG28-1: The maximum UE bandwidth of 20MHz/100MHz in FR1/FR2 should be mandatory for RedCap Ues. Also, RedCap Ues are not allowed to support maximum UE bandwidth larger than 20MHz/100MHz in FR1/FR2.
· FG28-2: 1Rx should be mandatory for RedCap Ues and there is no need for capability signalling. 2Rx is optional for RedCap Ues.
· FG28-3: RedCap Ues should at least support HD-FDD. FD-FDD is optional for RedCap Ues.

	Index
	Feature group
	Components
	Prerequisite FG
	Type

	Note
	Mandatory/Optional

	28-1
	Basic RedCap UE features
	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.
	
	Per UENA
	These features are mandatory for a UE that indicates “RedCap UE”.
RedCap Ues do not support carrier aggregation, or dual connectivity or maximum UE BW larger than 20MHz/100MHz in FR1/FR2.
	MandatoryOptional with capability signaling

	28-2
	Number of UE 2Rx 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, with maximum 2 DL MIMO layers are supported.
	28-1
	[Per band]
	
	Optional with capability signaling

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




	[10]
	Intel
	For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

	[11]
	DOCOMO
	As discussed in our companion contribution [2],	the preliminary RAN1 UE features for RedCap in [1] is well constructed considering the RedCap UE type, i.e.,
· FGs 28-2 to 28-4 correspond to the capability candidates which may be captured to the RedCap UE type as follows
· FG28-2: Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· FG28-3: Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· FG28-4: Supports either DL up to 64 QAM or up to 256 QAM for FR1
· The note of FG28-1 captures that RedCap Ues do not support CA or DC
· FG 28-1 is the prerequisite FG of FGs 28-2 to 28-4 and hence, these capabilities can be used only for RedCap Ues
Therefore, the 2nd and 3rd objectives to define the RedCap UE type, i.e., constraining the use of those RedCap capabilities only for RedCap Ues and preventing RedCap Ues from using capabilities not intended for RedCap Ues including at least CA, DC and wider BWs, are satisfied even if RedCap UE type is defined only by FG28-1. In that sense, we propose to keep FGs 28-1 to FG28-4. More details of our views on each FG are summarized as below:
· FG 28-2: Number of UE Rx branches and DL MIMO layers for RedCap UE
· FG 28-2 should be kept for “Number of UE Rx branches and DL MIMO layers for RedCap UE”
· Components of FG 28-2 should be kept
· FG 28-1 should be the prerequisite FG of FG 28-2
· Report type of FG 28-2 should be per band
· FDD/TDD and FR1/FR2 differentiation are not applicable to FG 28-2
· Note of FG 28-2 should be kept

	[12]
	Apple
	In RAN1 105-e meeting, the following was agreed:  
	Agreement:
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



In RAN2 115 e-meeting, the following was agreed in offline discussions over email: 
2. Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;

Based on the RAN2 agreement, it is our view that FG 28-2 is not needed. In addition, the existing FG 2-3 maxNumberMIMO-LayersPDSCH is defined as per FSPC, instead of ‘per band’, which should be kept for Redcap Ues. 
Proposal 1: Remove FG 28-2 in [1] and use the capability parameter maxNumberMIMO-LayersPDSCH (FG2-3) in the existing UE capability framework to indicate MIMO layers and Rx branches as agreed by RAN1 and RAN2. 
Proposal 2: Add a note in 38.306 for maxNumberMIMO-LayersPDSCH IE that is also used to indicate the number of Rx branches supported by the Redcap UE.


	[13]
	Nokia, Nokia Shanghai Bell
	Detailed comments on UE features are listed below. For reference, the feature list is available in the Annex. 
· Text currently on fields about ”consequences if not supported by the UE” is not appropriate for specifications, and can be removed
· FGs 28-2, 28-4, and 28-5 are essentially providing same information as FGs 2-3, 1-4, and 1-5, respectively. It is not clear if those need to be defined separately or if it is enough to add a note on 38.306 on how these existing FGs should be interpreted for REDCAP Ues. 
Proposal: Consider the observations and modifications proposed above for the next version of the corresponding RAN1 UE features list.




Discussion
[FL1] High priority question 3-1:
· Companies are encouraged to provide views on whether to remove FG 28-2 and add a note in FG2-3 (maxNumberMIMO-LayersPDSCH) on how the existing FG should be interpreted for RedCap Ues
	Company
	Comment

	Huawei, HiSilicon
	This is a RAN2 signaling design issue. From our side we only need to inform RAN2 what a UE shall let gNB know. Thus the current form is generally fine.

	Qualcomm
	OK to replace “number of UE RX branches” by “maxNumberMIMO-LayersPDSCH”.

	DOCOMO
	We think FG 28-2 can be kept at this stage. As clarified in the note in FG 28-2, how to indicate the number of UE Rx branches and DL MIMO layers for RedCap UE is up to RAN2. RAN1 can inform RAN2 what information (type, xDD/FRx differentiation, etc.) should be reported from RedCap UE

	Spreadtrum
	We do not support removing FG 28-2. It should be clear since it is important cost reduction feature.

	Vivo
	We can keep FG 28-2 for now (maybe in []) as it is informative, and can capture a note for RAN2 to discuss and finally decide whether and how to merge it with FG2-3.

	NEC
	FG 28-2 should be kept for now. It would not be obvious a note in FG2-3 works because “maxNumberMIMO-LayersPDSCH” is per CC while RedCap UE does not support CA/DC.

	ZTE, Sanechips
	According to the RAN2 agreement in 115e-meeting, 
Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;
New Rx capability is not supported. We need to interpret the existing FG2-3 for RedCap Ues. For example, it is mandatory with capability signalling for RedCap UE.

	Nordic
	Leave it up to RAN2.

	Samsung
	Up to RAN 2

	Nokia, NSB
	It is not clear if there is a need to define the FG or if it is sufficient to indicate to RAN2 how the existing FG 2-3 should be interpreted for REDCAP Ues.

	Ericsson
	Keep FG 28-2 as is at this stage.

	FUTUREWEI
	FG28-2 introduces additional capability signaling which is against our previous agreement, and as such needs to be removed. The notes on handling of the existing FG should be included in the basic FG description.

	Intel
	Agree with Huawei that the exact signaling can be left up to RAN2. For now, we can keep 28-2 for improved clarity.

	Lenovo, Motorola Mobility
	Up to RAN2 decision. 

	FL2
	According to the comments provided so far, companies have different views:
· Remove 28-2: Qualcomm, ZTE, Sanechips
· Keep 28-2: Huawei, HiSilicon, DOCOMO, Spreadtrum, vivo, NEC, Ericsson, Intel
· Leave to RAN2: Nordic, Samsung, Lenovo, Motorola Mobility
Moderator thinks the following note in FG 28-2 clarify that detailed signalling is up to RAN2, which was agreed in previous RAN1 meeting.
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.
Therefore, following proposal is made to confirm FG 28-2 is kept as “Number of UE Rx branches and DL MIMO layers for RedCap UE” for information purpose
[FL2] High priority proposal 3-1:
· FG 28-2 is kept as “Number of UE Rx branches and DL MIMO layers for RedCap UE” as follows
	 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



Note that any contents highlighted in yellow mean FFS and to be discussed further.

	Vivo
	OK

	Nokia, NSB
	We are not OK with the proposal. Clearly there is no consensus on keeping the FG, Nokia/NSB included, though not mentioned in the summary. We think the whole FG should be in yellow highlight for further discussion, i.e. do not confirm there is such a FG yet.

	Qualcomm
	Thanks FL for the update. We agree with FL2 proposal.

	ZTE, Sanechips
	Based on the RAN2 agreement as mentioned above, we should not create a new UE capability for Rx info. Instead, from RAN1 perspective, we should consider how to modify the description of FG 2-3.

	Ericsson
	We prefer to keep FG 28-2 at this stage, but perhaps a note (or yellow highlighting) can be added to indicate that the FG may be removed/replaced/merged in the next RAN1 meeting (after RAN2 has progressed their work a bit further).

	Intel
	We are fine with FL proposal, but also open to keeping it all “yellow” as suggested by Nokia/Ericsson until RAN2 makes further progress.

	Nordic
	Keep FG in square bracket and let RAN2 define or not

	Apple 
	We are ok with either way, ‘keeping FG 28-2 with bracket’ or ‘removing it and modifying the FG 2-3’. Slightly prefer the latter way. 
In our view, even we go with the former way i.e., keeping FG 28-2, FG 2-3 still needs to be modified in Rel-17 to clarify that it is not applied for Redcap UEs. 

	FUTUREWEI2
	We proposed removing FG28-2, but it was not captured for some reason. Our previous comment still applies:
FG28-2 introduces additional capability signaling which is against our previous agreement, and as such needs to be removed. The notes on handling of the existing FG should be included in the basic FG description.
We are also OK with ZTE suggestion to capture the description in FG 2-3, in addition to part of FG28-1.
We are not OK with having this row as (mis)information as a new capability bit is against both RAN1 and RAN2 agreements. We may have left to RAN2, but they already decided.
“6.	Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;”

	NEC
	We are fine with the FL proposal. It would be necessary to investigate whether adding a note to FG 2-3 works.

	Samsung
	We share similar view as Nokia. FFS whether to keep this FG 28-2, and Let RAN 2 to decide. 

	DOCOMO
	We support the FL proposal

	FL3
	Given that companies still have different view, this proposal is not set for email endorsement at 1st check point (Oct 14th).
Moderator will update the proposal in the next round discussion

	FL4
	As suggested by some companies, proposal is updated by highlighting whole of those FGs in yellow. As mentioned in the column of Note, detailed signalling is up to RAN2. Square bracket is removed based on the discussion over the RAN1 reflector.

[FL4] High priority proposal 3-1:
· FG 28-2 is kept as “Number of UE Rx branches and DL MIMO layers for RedCap UE” as follows
	 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



Note that any contents highlighted in yellow mean FFS and to be discussed further.

	Qualcomm
	ok

	FUTUREWEI
	As we stated, both RAN1 and RAN2 have agreed to use maxNumberMIMO-LayersPDSCH . Specifically from RAN2 (emphasis added)
 “Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;”
There is no need to have this feature given the agreement in the LS from RAN2. We do not agree to have it in the table even in yellow.

	ZTE, Sanechips
	Agree with FUTUREWEI, the FG 28-2 listed here would cause the RAN2 confusion. If needed, it is suggested to make some modification on FG 2-3 in RAN1, e.g., in the last column, add that it is mandatory with capability signalling for RedCap UE.

	Samsung
	Suggest to remove this and leave it to RAN 2. 

	Spreadtrum
	Fine, although we support the 2 Rx is a separate capability.

	NEC
	We are OK either to keep or remove FG 28-2. In case to remove FG 28-2, it would be preferable to inform RAN2 that number of Rx branches should per band instead of FSPC.

	Ericsson
	We prefer to keep FG 28-2 at this stage, and then the FG may be removed/replaced/merged in the next RAN1 meeting (after RAN2 has progressed their work a bit further).

	Apple
	Our preference is to remove this FG 28-2 and make it clear to other working group that RAN1 has no intention to discuss further on this, given the fact of RAN1/RAN2 earlier agreement of reusing ‘maxNumberMIMO-LayersPDSCH’. 
One potential issue of ‘keeping it in RAN1 UE feature list’ is that it may confuse RAN2 that RAN1 intends to revisit earlier agreement. The similar situation happens before between RAN1/RAN4 where RAN1 intends to leave some UE feature to RAN4 with still holding it in RAN1 UE feature list. Later on, RAN4 mis-interpreted that RAN1 intended to handle them as they are still in RAN1 list. This was finally addressed by several LS exchanges over a few meetings and delay the progress. We should avoid it happens again here.  

	FL5
	Given that companies have different view and considering the remaining time in this meeting, no additional proposal is made. Companies are encouraged to study whether FG 28-2 should be kept or not toward the next RAN1 meeting considering the comments provided so far.




[FL1] High priority question 3-2:
· [bookmark: _Hlk84567334]Companies are encouraged to provide views on whether to split the capabilities of 1 Rx branch/1 DL MIMO layer and 2 Rx branches/2 DL MIMO layers in FG 28-2 into different FGs
	Company
	Comment

	Huawei, HiSilicon
	This is a RAN2 signaling design issue. From our side we only need to inform RAN2 what a UE shall let gNB know. Thus the current form is generally fine.

	Qualcomm
	OK to split such capabilities into different FGs and specify them per band.

	DOCOMO
	We don’t think FG 28-2 should be separated to 1Rx and 2Rx capabilities. As discussed in AI8.6.2 in the last RAN1 meeting, we think RedCap UEs supporting 2Rx operation do not have to support 1Rx operation, i.e., neither 1Rx nor 2 Rx is the mandatory capability for all RedCap UEs in Rel-17. Either 1Rx or 2Rx capability can be reported through FG 28-2.

	Spreadtrum
	Support to split since they are two designs and correspond to two levels of cost.

	vivo
	It is OK to include both in the same FG as long as UE can indicate different values for 1Rx and 2Rx. 

	NEC
	1Rx and 2Rx would not be independent features but options for number of Rx branches.

	ZTE, Sanechips
	As mentioned above, RAN2 already have the related conclusion.

	Nordic 
	UE indicates support of 2Rx for a band, if not, it support 1Rx by default. No need to have separate capabilities. 

	Samsung
	Up to RAN 2.
No need. Since RedCap UE will support either or 2 Rx branch/MIMO layers

	Nokia, NSB
	If defined, they should not be split.

	Ericsson
	Keep FG 28-2 as is at this stage.

	FUTUREWEI
	FG 28-2 should not exist. This direction is against the current agreement for the capability signaling of this feature

	Intel
	No need to split them.

	Lenovo, Motorola Mobility
	Up to RAN2 

	FL2
	According to the comments provided so far, most of companies don’t think it is necessary to split FG 28-2.
Therefore, no additional proposal is made for now and companies are encouraged to provide further input in proposal 3-1, if any.

	
	




[FL4] Medium priority question 3-3:
· Companies are encouraged to provide views on whether the type of FG 28-2 should be per band or per FSPC
	Company
	Comment

	vivo
	It should at least be per band. We proposed per FSPC in our paper in order to keep consistent with FG2-3 maxNumberMIMO-LayersPDSCH

	Nordic 
	per band

	Nokia, NSB
	In principle per Band is sufficient, as the number of layers is dependent on the number of RX branches, and that limits the flexibility of the device already.

	Ericsson
	To our understanding, it may be desired to indicate support of different number of Rx branches for different bands.

	FUTUREWEI
	FG2-3 is FSPC. 28-2 should not exist

	Intel
	Per-band should be sufficient in our view, but if it’s reusing FG 2-3, it can be discussed further whether to leave it as current FG 2-3 as FSPC or not.

	Qualcomm
	Per band 

	ZTE, Sanechips
	New FG 28-2 for Rx should not be introduced and existing FG2-3 is assumed to be reused for RedCap, so we think it is better to keep consistent with legacy.

	Apple
	Per band is more accurate given Redcap does not support CA. 
On the other hand, we can also keep it as ‘per FSPC’ to entirely reuse the IE ‘maxNumberMIMO-LayersPDSCH’ without any change. One note can be added in TS 38.306 that a Redcap UE is expectd to indicate a same value for each CC within a band. 

	FL5
	Given that companies have different view and considering the remaining time in this meeting, no additional proposal is made. Companies are encouraged to study the appropriate granularity toward the next RAN1 meeting considering the comments provided so far.




[FL4] Medium priority question 3-4:
· Companies are encouraged to provide views on xDD/FRx differentiation for FG 28-2
	Company
	Comment

	vivo
	Given FG 28-2 will be per band or per FSPC, xDD/FRx differentiation is not needed

	Ericsson
	If the ‘Type’ is agreed to be ‘Per band’, then FR1/FR2 differentiation is supported implicitly and therefore ‘Need of FR1/FR2 differentiation’ can be set to ‘No’

	Intel
	Same view as vivo and Ericsson – not needed if “per band”.

	Qualcomm
	Agree with the comments of Vivo. 

	ZTE, Sanehcips
	Similar view as question 3-3.

	FL5
	This issue can be discussed when some progress is made in question 3-3.




[FL4] Low priority question 3-5:
· Companies are encouraged to provide views on whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-2
	Company
	Comment

	Qualcomm
	Network assumes the UE is not a R17 RedCap UE

	FL5
	This issue can be discussed when some progress is made in question 3-1.




[FL4] Low priority question 3-6:
· Companies are encouraged to provide views on whether/how to revise any other contents in FG 28-2 which do not have capability signaling impacts
	Company
	Comment

	FL5
	Closed





4. 28-3: Half-duplex FDD operation for RedCap UE
In [1], FG 28-3 is captured as below.
	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
	28-3
	Half-duplex FDD operation for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling



Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[3]
	Ericsson
	FG 28-3 (‘Half-duplex FDD operation for RedCap UE’)
For FG 28-3 (‘Half-duplex FDD operation for RedCap UE’), the ‘Type’ is set to ‘[Per band]’. To our understanding, it is likely that it will be desired to indicate support of different duplex modes (HD-FDD/FD-FDD) for different FDD bands, so we propose to remove the square brackets.
[bookmark: _Toc84039539]FG 28-3 (‘Half-duplex FDD operation for RedCap UE’) is per band, i.e., the square brackets can be removed.

	[4]
	Spreadtrum
	RedCap UE can optionally support type A HD-FDD. The related objectives in the WID [1] are listed as follows.
	· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.


As discussed in the WI phase, there are two capabilities for RedCap to support HD-FDD, the first one is support of the DL-to-UL and UL-to-DL switching times, and the other is support of DL/UL collision solutions.
For switching times, according to RAN4’s confirmation [3], the existing switching times for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3 can be reused for HD-FDD switching time.
	A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792





For collision solutions, RAN1 specified solutions for 7 potential collisions as follows.
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching
Some of the above cases can be solved by current specs (in TS 38.213), while some cases need new solutions and new solutions are under discussion.
Based on the above, the component of FG x-4 are listed below.
· HD-FDD. The possible collision handling is TBD
The notes for FG x-4 are listed below.
· HD-FDD is FDD only feature
· No FR1/FR2 differentiation
Proposal 7: Define FG x-4 for HD-FDD for RedCap UEs.

	[6]
	Huawei, HiSilicon
	A RedCap HD-FDD UE is hardware designed as Type A HD-FDD, though it is only applicable to FDD bands. Thus, it is not expected that a UE would report ‘Yes’ on FDD band X but ‘No’ on FDD band Y. This capability can be per UE reported. 
Proposal 3: For FG 28-3, clarify it as Type A HD-FDD and per UE reported.

	[7]
	ZTE, Sanechips
	For the other features, e.g., HD-FDD, Rx number, modulation, they also need confirmation. Obviously, 256QAM is an optional capability according to the WID. As for the HD-FDD operation, it is also optional, since we can assume that any RedCap UE in FDD bands is based on HD-FDD operation. As for the Rx number, it is reported according to the maximum DL MIMO layer.
Proposal 18: 256QAM and HD-FDD are optional features for RedCap UE.

	[8]
	Samsung
	From implementation point of view, half-duplex FDD operation is determinated based on hardware. It is not a band related feature. Therefore, they type of feature 28-3 should be Per UE. 
Proposal #4: Feature 28-3 is defined per UE other than per band.

	[9]
	MediaTek
	For the UE features that are specific for RedCap UEs, it is essential to first decide if there is capability signalling where the UE can indicate that it is a “RedCap UE”. The following RAN2 agreements indicate that there will such capability signalling:
	Agreement (RAN2#114e):
1. 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
1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.



However, there is still discussion in RAN1/RAN2 on what features are considered as part of the RedCap UE type. RAN1 has agreed to have the BW limitation as part of the RedCap UE type.
	Agreement (RAN1#106e)
         A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
         Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
o    Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
o    Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
o    Supports either DL up to 64 QAM or up to 256 QAM for FR1
o    Does not support CA/DC



Thus, there is no need to have capability signalling for the basic/mandatory features that are considered part of the RedCap UE type (e.g. the supported BW as agreed by RAN1). In our view, the following features should be part of the RedCap UE type and there is no need for capability signalling for these features:
· FG28-1: The maximum UE bandwidth of 20MHz/100MHz in FR1/FR2 should be mandatory for RedCap UEs. Also, RedCap UEs are not allowed to support maximum UE bandwidth larger than 20MHz/100MHz in FR1/FR2.
· FG28-2: 1Rx should be mandatory for RedCap UEs and there is no need for capability signalling. 2Rx is optional for RedCap UEs.
· FG28-3: RedCap UEs should at least support HD-FDD. FD-FDD is optional for RedCap UEs.

	Index
	Feature group
	Components
	Prerequisite FG
	Type

	Note
	Mandatory/Optional

	28-1
	Basic RedCap UE features
	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.
	
	Per UENA
	These features are mandatory for a UE that indicates “RedCap UE”.
RedCap UEs do not support carrier aggregation, or dual connectivity or maximum UE BW larger than 20MHz/100MHz in FR1/FR2.
	MandatoryOptional with capability signaling

	28-2
	Number of UE 2Rx 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, with maximum 2 DL MIMO layers are supported.
	28-1
	[Per band]
	
	Optional with capability signaling

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




	[10]
	Intel
	For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

	[11]
	DOCOMO
	As discussed in our companion contribution [2],	the preliminary RAN1 UE features for RedCap in [1] is well constructed considering the RedCap UE type, i.e.,
· FGs 28-2 to 28-4 correspond to the capability candidates which may be captured to the RedCap UE type as follows
· FG28-2: Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· FG28-3: Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· FG28-4: Supports either DL up to 64 QAM or up to 256 QAM for FR1
· The note of FG28-1 captures that RedCap UEs do not support CA or DC
· FG 28-1 is the prerequisite FG of FGs 28-2 to 28-4 and hence, these capabilities can be used only for RedCap UEs
Therefore, the 2nd and 3rd objectives to define the RedCap UE type, i.e., constraining the use of those RedCap capabilities only for RedCap UEs and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least CA, DC and wider BWs, are satisfied even if RedCap UE type is defined only by FG28-1. In that sense, we propose to keep FGs 28-1 to FG28-4. More details of our views on each FG are summarized as below:
· FG 28-3: Half-duplex FDD operation for RedCap UE
· FG 28-3 should be kept for “Half-duplex FDD operation for RedCap UE”
· Component of FG 28-3 should be kept
· FG 28-1 should be the prerequisite FG of FG 28-3
· Report type of FG 28-3 should be per band
· FG 28-3 is applicable only to FR1 FDD bands

	[13]
	Nokia, Nokia Shanghai Bell
	Detailed comments on UE features are listed below. For reference, the feature list is available in the Annex. 
· Text currently on fields about ”consequences if not supported by the UE” is not appropriate for specifications, and can be removed
· FGs 28-2, 28-4, and 28-5 are essentially providing same information as FGs 2-3, 1-4, and 1-5, respectively. It is not clear if those need to be defined separately or if it is enough to add a note on 38.306 on how these existing FGs should be interpreted for REDCAP UEs. 
Proposal: Consider the observations and modifications proposed above for the next version of the corresponding RAN1 UE features list.




Discussion
[FL2] High priority proposal 4-0:
· FG 28-3 is kept as “Half-duplex FDD operation for RedCap UE” as follows
	28. NR_redcap
	28-3
	Half-duplex FDD operation for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling



Note that any contents highlighted in yellow mean FFS and to be discussed further.
	Company
	Comment

	vivo
	OK

	Nokia, NSB
	We support the FL proposal.

	Qualcomm
	Shall we clarify HD-FDD as “Type-A HD FDD” for accuracy ? We can also live with FL2 proposal if it is a majority view of all companies.

	ZTE, Sanechips
	We are OK with it.

	Ericsson
	We support the FL proposal.

	Intel
	Support the FL Proposal.

	Nordic
	OK

	Apple 
	Ok

	NEC
	We support the FL proposal.

	Samsung
	Fine.

	DOCOMO
	We support the FL proposal

	FL3
	Since no concerns/objections have been received so far (more than 24 hours from FL2), the same proposal with wording revision proposed by Qualcomm is set for email endorsement at 1st check point (Oct 14th).
High priority proposal 4-0:
· FG 28-3 is kept as “Type A Half-duplex FDD operation for RedCap UE” as follows
	28. NR_redcap
	28-3
	Type A Half-duplex FDD operation for RedCap UE
	1. Type A Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling



Note that any contents highlighted in yellow mean FFS and to be discussed further.

	FL4
	Following was agreed at the 1st check point (October 14)

High priority proposal 4-0:
· 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 type A (instead of full-duplex FDD operation) for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity
	[Per band]
	FDD only
	FR1 only
	
	
	Optional with capability signaling



Let’s further discuss the contents highlighted in yellow in the next step.




[FL4] Medium priority question 4-1:
· Companies are encouraged to provide views on whether the type of FG 28-3 should be per band or per UE
	Company
	Comment

	Huawei, HiSilicon
	It is naturally to be per UE if a HD-FDD UE is designed without a duplexer. 

	Vivo
	It should be per band, as the implementation could be different across wide range of different FDD bands. 

	Nordic 
	Per UE, i.e. applies to all FDD bands.

	Samsung
	Per UE

	Nokia, NSB
	Per UE

	Ericsson
	To our understanding, it may be desired to indicate support of different duplex modes (HD-FDD/FD-FDD) for different FDD bands.

	Intel
	Per-band can be more flexible in general (e.g., depending on levels of isolation feasible for different duplexer implementations), but per-UE may also be sufficient for typical handling. 

	Apple 
	Per Band

	Qualcomm
	Per band and FR1 only

	ZTE, Sanechips
	Per band

	FL5
	Given that companies have different view and considering the remaining time in this meeting, no additional proposal is made. Companies are encouraged to study the appropriate granularity toward the next RAN1 meeting considering the comments provided so far.




[FL4] Low priority question 4-2:
· Companies are encouraged to provide views on whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-3
	Company
	Comment

	Nokia, NSB
	Consequence should be, e.g. “RedCap is not supported” or “Network assumes UE is not a RedCap UE”. 

	Intel
	Consequence can be captured as “UE is assumed to support FD-FDD in FDD bands”.

	Qualcomm
	Network assumes the UE does not support Type-A HD-FDD operation on FDD bands, which include the following possibilities:
1) The UE has a single PLL per band, or supports TDD bands only 
2) The UE supports FD-FDD only on FDD bands (i.e. it does not support DL/UL collision handling procedures specified for Type-A HD-FDD)

	FUTUREWEI
	Intel’s comment is reasonable

	ZTE, Sanechips
	Agree with Intel’s comment.

	Ericsson
	Intel’s comment is reasonable

	Nokia, NSB 2
	We revise our input to support Intel’s version as well.

	FL5
	Most companies are fine with the proposal from Intel.
Therefore, following proposal is made
Low priority proposal 4-2:
· 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”

	FUTUREWEI
	ok

	vivo
	OK

	FL
	Following was agreed at the final check point (October 19)
Agreement
· 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”




[FL4] Low priority question 4-3:
· Companies are encouraged to provide views on whether/how to revise any other contents in FG 28-3 which do not have capability signaling impacts
	Company
	Comment

	FL5
	Closed





5. 28-4: DL 256QAM support for RedCap UE
In [1], FG 28-4 is captured as below.
	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
	28-4
	DL 256QAM support for RedCap UE
	1. Support of 256QAM for PDSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PDSCH for RedCap UE
3. Support of CQI table 2 (Table 5.2.2.1-3 in TS 38.214) for RedCap UE
	28-1
	Yes
	
	Impacts on UE complexity and DL link performance at high SNR
	[Per band]
	No
	[No]
	
	For RedCap Ues, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH.
	Optional with capability signaling



Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[2]
	FUTUREWEI
	Observations
3. The 256QAM handling is confusing; no new Rel-17 capability signaling is needed
Finally, the way the reduced Modulation is described in the FG table is confusing for several reasons.
· In Rel-15, 256QAM for PDSCH in FR1 is specified as mandatory with capability signaling in FG 1-4. The parameter name is pdsch-256QAM-FR1. In addition, the note states “For FR1, it can be revisited in the future whether the 256QAM is mandated in all UE types or categories”. For FR1, it is better to reuse the existing parameter and add the appropriate statement, such as “For RedCap devices, the feature is optional with capability signaling” instead of creating a new FG.
· Secondly, for 256QAM for PDSCH in FR2, the FG description indicates this feature is optional with capability signaling (parameter pdsch-256QAM-FR2). There is no need to create a new FG for this either. If necessary, a description can be considered.
· A similar comment applies to 256QAM for PUSCH. In FG 1-5, the description indicates the FG is optional with capability signaling (parameter pusch-256QAM), and there is FR1/FR2 differentiation. There is no need to create a new FG. 
· The descriptions of the FGs 28-4 and 28-5 are based on the RAN1#105 agreement “(Table 5.2.2.1-3 in TS 38.214) are supported by a RedCap UE indicating support of 256QAM for PDSCH”. The support of the tables can also be added to the existing descriptions in FG 1-4 and FG 1-5.
· Though FGs 28-4 and 28-5 are not needed, we will also point out that the consequences of not supporting 256QAM of “impact to UE complexity” is misleading as it makes it seem that complexity increases if 256QAM is not supported.

	[3]
	Ericsson
	FGs 28-4 (‘DL 256QAM support for RedCap UE’) and 28-5 (‘UL 256QAM support for RedCap UE’)
For FGs 28-4 (‘DL 256QAM support for RedCap UE’) and 28-5 (‘UL 256QAM support for RedCap UE’), the ‘Type’ is set to ‘[Per band]’ and the ‘Need of FR1/FR2 differentiation’ is set to ‘[No]’. These FGs consist of several components, and in the current specification [7], some of the capabilities corresponding to these components are per UE, some are per band, and some are per frequency range. Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band.
[bookmark: _Toc84039540]FG 28-4 (‘DL 256QAM support for RedCap UE’) is either per band or per frequency range.
[bookmark: _Toc84039541]FG 28-5 (‘UL 256QAM support for RedCap UE’) is either per band or per frequency range.

	[4]
	Spreadtrum
	RedCap UE can optionally support DL 256QAM. The related objectives in the WID [1] are listed as follows.
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


During the WI phase, RAN1 focused on the MCS/CQI tables. We list some current conclusions for MCS/CQI tables initially.
· MCS tables
· 64QAM MCS tables are mandatory.
· 256QAM MCS tables are optionally supported according to 256QAM for PDSCH.
· 64QAM low SE MCS table for PDSCH (Table 5.1.3.1-3 in TS 38.214) is optionally supported.
· 64QAM low SE MCS tables for PUSCH (Table 5.1.3.1-3 in TS 38.214 for UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively) are optionally supported.
· CQI tables
· “CQI table 1” (Table 5.2.2.1-2 in TS 38.214) that corresponds to MCS Table 5.1.3.1-1 in TS 38.214 is mandatory.
· “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) are optionally supported (256QAM MCS table).
· “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) are optionally supported (64QAM low SE MCS table).
Based on the above, the component of FG x-5 are listed below.
· 256QAM for DL. The MCS/CQI tables related to 256QAM are optional.
The notes for FG x-5 are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 8: Define FG x-5 for relaxed modulation order for RedCap Ues.

	[5]
	vivo
	It is found in TS 38.306 [6] that for non-RedCap UE, the capability of pdsch-256QAM-FR1 is mandatory with capability signaling and applied to FR1 only. For FR2, the capability of pdsch-256QAM-FR2 is used and it is an optional UE capability. Therefore, for RedCap UE, we think the optional capability of pdsch-256QAM-FR2 can be reused for FR2; the FG 28-4 that optional support of DL 256QAM should be applied to only FR1. We suggest to modify the FG 28-4 DL 256QAM support as following:
	28. NR_redcap
	28-4
	DL 256QAM support for RedCap UE
	1. Support of 256QAM for PDSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PDSCH for RedCap UE
3. Support of CQI table 2 (Table 5.2.2.1-3 in TS 38.214) for RedCap UE
	28-1
	Yes
	
	Impacts on UE complexity and DL link performance at high SNR
	[Per band]
	No
	[No] 
FR1 only
	
	For RedCap Ues, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH for FR1.
For FR2, the optional capability of pdsch-256QAM-FR2 can be reused for RedCap. 
	Optional with capability signaling



Proposal 7: For FG28-4 DL 256QAM support for RedCap UE, following modifications are proposed:
· In “Need of FR1/FR2 differentiation” column, change “[No]” to “FR1 only”
· In “Note” Column, modify the description as shown in Red: “For RedCap Ues, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH for FR1. For FR2, the optional capability of pdsch-256QAM-FR2 can be reused for RedCap.”

	[6]
	Huawei, HiSilicon
	The following WID descriptions should be the principles when considering to introducing new UE features for RedCap.
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
Hence we propose: 
[bookmark: OLE_LINK1]Proposal 1: The current FG 28-4 and FG 28-5 can be realized by a RedCap UE reporting corresponding existing UE capabilities thus should not be newly introduced.

	[7]
	ZTE, Sanechips
	For the other features, e.g., HD-FDD, Rx number, modulation, they also need confirmation. Obviously, 256QAM is an optional capability according to the WID. As for the HD-FDD operation, it is also optional, since we can assume that any RedCap UE in FDD bands is based on HD-FDD operation. As for the Rx number, it is reported according to the maximum DL MIMO layer.
Proposal 18: 256QAM and HD-FDD are optional features for RedCap UE.

	[8]
	Samsung
	In NR, the support of modulation is not reported Per band, we think RedCap can follow similar principle as NR UE. Therefore, we suggest to set the feature 28-4 as per UE other than per band. Moreover, this feature need FR1/FR2 differentiation. 
Proposal #5: Feature 28-4 is defined per UE other than per band, and it need FR1/FR2 differentiation.

	[10]
	Intel
	For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

	[11]
	DOCOMO
	As discussed in our companion contribution [2],	the preliminary RAN1 UE features for RedCap in [1] is well constructed considering the RedCap UE type, i.e.,
· FGs 28-2 to 28-4 correspond to the capability candidates which may be captured to the RedCap UE type as follows
· FG28-2: Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· FG28-3: Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· FG28-4: Supports either DL up to 64 QAM or up to 256 QAM for FR1
· The note of FG28-1 captures that RedCap Ues do not support CA or DC
· FG 28-1 is the prerequisite FG of FGs 28-2 to 28-4 and hence, these capabilities can be used only for RedCap Ues
Therefore, the 2nd and 3rd objectives to define the RedCap UE type, i.e., constraining the use of those RedCap capabilities only for RedCap Ues and preventing RedCap Ues from using capabilities not intended for RedCap Ues including at least CA, DC and wider BWs, are satisfied even if RedCap UE type is defined only by FG28-1. In that sense, we propose to keep FGs 28-1 to FG28-4. More details of our views on each FG are summarized as below:
· FG 28-4: DL 256QAM support for RedCap UE
· Currently DL 256QAM is supported/reported as mandatory with capability signalling for FR1 and optional with capability signalling for FR2 using different fields pdsch-256QAM-FR1 and pdsch-256QAM-FR2, respectively. Therefore, FG 28-4 should be used only for FR1 and pdsch-256QAM-FR2 is reused for FR2.
· FG 28-4 should be kept for “DL 256QAM support for RedCap UE for FR1”
· Components of FG 28-2 should be kept with following revisions
· 1. Support of 256QAM for PDSCH for RedCap UE for FR1
· 2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PDSCH for RedCap UE for FR1
· 3. Support of CQI table 2 (Table 5.2.2.1-3 in TS 38.214) for RedCap UE for FR1
· FG 28-1 should be the prerequisite FG of FG 28-4
· Report type of FG 28-4 should be per band
· FDD/TDD differentiation is not applicable to FG 28-4
· FG 28-4 is applicable only to FR1
· Note of FG 28-4 should be kept

	[12]
	Apple
	In Rel-15, support of 256QAM for PDSCH is mandatory feature with capability for FR1 and is optional with capability signalling for FR2. Hence, the capability IE pdsch-256QAM-FR1 (FG1-4) was introduced since Rel-15 and can be used for Redcap UE naturally. What needs to be modified for Redcap is to change it from ‘Mandatory’ to ‘optional’, which can be achieved by adding a note in TS 38.306. Note that, creating a new IE FG28-4 cannot avoid adding ‘note’ for legacy FG 1-4 for Redcap as ‘mandatory with capability for FR1’ is not valid for Redcap anymore. Instead adding note to revoke the existing FG 1-4 for Redcap in FR1 and add a new FG 28-4, it is a simpler and clean way to add a note for FG 1-5 without introducing new FG 28-4. For FR2, the FG 1-4 can be reused as it has been optional feature even for eMBB Ues in Rel-15. 
Proposal 3: Remove FG 28-4 in [1] and add a note for the existing FG1-4 (pdsch-256QAM-FR1) to be optional for Redcap 

	[13]
	Nokia, Nokia Shanghai Bell
	Detailed comments on UE features are listed below. For reference, the feature list is available in the Annex. 
· Text currently on fields about ”consequences if not supported by the UE” is not appropriate for specifications, and can be removed
· FGs 28-2, 28-4, and 28-5 are essentially providing same information as FGs 2-3, 1-4, and 1-5, respectively. It is not clear if those need to be defined separately or if it is enough to add a note on 38.306 on how these existing FGs should be interpreted for REDCAP Ues. 
Proposal: Consider the observations and modifications proposed above for the next version of the corresponding RAN1 UE features list.




Discussion
[FL1] High priority question 5-1:
· Companies are encouraged to provide views on whether to remove FG 28-4 and add a note in FG1-4 (pdsch-256QAM-FR1) on how the existing FG should be interpreted for RedCap Ues
	Company
	Comment

	Huawei, HiSilicon
	Ok

	Qualcomm
	FG 28-4 should be specified per band for RedCap UE. It is supported by RedCap UE as an optional feature in FR1. We can keep FG 28-4 and add a note.

	DOCOMO
	Currently DL 256QAM is supported/reported as mandatory with capability signalling for FR1 and optional with capability signalling for FR2 using different fields pdsch-256QAM-FR1 and pdsch-256QAM-FR2, respectively. Therefore, FG 28-4 should be used only for FR1 and pdsch-256QAM-FR2 is reused for FR2. We are fine with either applying FG 28-4 to only FR1 or reusing pdsch-256QAM-FR1 by revising mandatory with capability signalling to optional with capability signalling for RedCap UE.

	Spreadtrum
	Keep FG 28-4.

	Vivo
	OK with the FL suggestion

	NEC
	FG 28-4 should be kept.

	ZTE, Sanechips
	OK to remove FG28-4 and suggest it is optional with capability signalling for FR1 for RedCap UE.

	Nordic 
	Make clarification that existing pdsch-256QAM-FR1 is optional for Ues indicating FG 28-1 + remove FG 28-4

	Samsung
	Support to remove it and add a note to clarify for RedCap.

	Nokia, NSB
	OK to remove the FG and add a note in FG1-4. 

	Ericsson
	FG 28-4 exists in order to capture the RAN1 agreement that for RedCap Ues, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH. Note that these are capabilities of different ‘Type’ in the current specifications. If this can be captured in some other way, we are open to consider it.

	FUTUREWEI
	Ok to remove and add a note to FG1-4

	Intel
	We would be fine to remove 28-4 and capture the essential differences for RedCap in existing FGs.

	Lenovo, Motorola Mobility
	Fine with us. 

	FL2
	According to the comments provided so far, companies have different views:
· Remove FG 28-4: Huawei, HiSilicon, vivo, ZTE, Sanechips, Nordic, Samsung, Nokia, NSB, FUTUREWEI, Intel, Lenovo, Motorola Mobility
· Keep FG 28-4: Qualcomm, Spreadtrum, NEC, Ericsson
Therefore, no additional proposal is made for now, but companies are encouraged to check the comments provided so far and indicate if their position is changed.

	Ericsson
	If FG 28-4 is removed, how will the specifications capture (for both FR1 and FR2) that 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH?

	Intel
	To respond to Ericsson’s question, one option could be to capture the RedCap UE behavior/expectation as a note in existing FG.

	Nordic 
	Note in feature description could clarify Ericsson concern? 

	Apple 
	We also slightly prefer to remove 28-4 to clarify the FG 1-4. 
As commented by Intel, the new agreement made for Redcap can be added as part of note (eventually would be captured in field description of TS 38.306) to address Ericsson concern. 

	FUTUREWEI2
	Given the suggestion from Intel, and that we should only introduce new signaling if necessary, for the next round of discussion this row should be removed

	NEC
	We are OK to investigate whether adding a note to FG 1-4 works.

	Samsung
	Agree with Intel

	DOCOMO
	Agree with Intel

	FL3
	Moderator will set a proposal in the next round discussion

	FL4
	According to the comments provided so far, many companies think that the concern on removing FG 28-4 can be addressed by capturing the RedCap UE behavior/expectation as a note in existing FG
Therefore, following proposal is made
[FL4] High priority proposal 5-1:
· 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”

	Qualcomm
	OK 

	FUTUREWEI
	Agree with FL proposal

	ZTE, Sanechips
	OK with the FL proposal.

	Samsung
	OK

	NEC
	OK

	Ericsson
	OK, assuming that the specifications capture (for both FR1 and FR2) that 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH

	Apple 
	Support FL Proposal. 

	Nokia, NSB
	Agree

	FL5
	All companies are fine with the proposal.
Therefore, the same proposal is set for email endorsement
High priority proposal 5-1:
· 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”

	FUTUREWEI
	ok

	vivo
	OK

	MediaTek
	Support

	FL
	Following was agreed at the final check point (October 19)
Agreement
· 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”




Medium priority question 5-2:
· Companies are encouraged to provide views on whether the type of FG 28-4 should be per band or per UE
	Company
	Comment

	vivo
	Seems no need as FG 28-4 is supposed to be removed. 

	Nokia, NSB
	FG is not needed

	Ericsson
	Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band. Note that the parameter pusch-256QAM is reported per band by non-RedCap UEs.

	Apple 
	Our view is that it should be ‘per band’, which is used for optional feature ‘pdsch-256QAM-FR2’. 
[image: ]




Medium priority question 5-3:
· Companies are encouraged to provide views on FR1/FR2 differentiation for FG 28-4
	Company
	Comment

	vivo
	Seems no need as FG 28-4 is supposed to be removed. 

	Nokia, NSB
	FG is not needed

	Ericsson
	Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band. Note that the parameter pusch-256QAM is reported per band by non-RedCap Ues.




Low priority question 5-4:
· Companies are encouraged to provide views on whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-4
	Company
	Comment

	
	

	
	

	
	




Low priority question 5-5:
· Companies are encouraged to provide views on whether/how to revise any other contents in FG 28-4 which do not have capability signaling impacts
	Company
	Comment

	
	

	
	

	
	





6. 28-5: UL 256QAM support for RedCap UE
In [1], FG 28-5 is captured as below.
	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
	28-5
	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



Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[2]
	FUTUREWEI
	Observations
3. The 256QAM handling is confusing; no new Rel-17 capability signaling is needed
Finally, the way the reduced Modulation is described in the FG table is confusing for several reasons.
· In Rel-15, 256QAM for PDSCH in FR1 is specified as mandatory with capability signaling in FG 1-4. The parameter name is pdsch-256QAM-FR1. In addition, the note states “For FR1, it can be revisited in the future whether the 256QAM is mandated in all UE types or categories”. For FR1, it is better to reuse the existing parameter and add the appropriate statement, such as “For RedCap devices, the feature is optional with capability signaling” instead of creating a new FG.
· Secondly, for 256QAM for PDSCH in FR2, the FG description indicates this feature is optional with capability signaling (parameter pdsch-256QAM-FR2). There is no need to create a new FG for this either. If necessary, a description can be considered.
· A similar comment applies to 256QAM for PUSCH. In FG 1-5, the description indicates the FG is optional with capability signaling (parameter pusch-256QAM), and there is FR1/FR2 differentiation. There is no need to create a new FG. 
· The descriptions of the FGs 28-4 and 28-5 are based on the RAN1#105 agreement “(Table 5.2.2.1-3 in TS 38.214) are supported by a RedCap UE indicating support of 256QAM for PDSCH”. The support of the tables can also be added to the existing descriptions in FG 1-4 and FG 1-5.
Though FGs 28-4 and 28-5 are not needed, we will also point out that the consequences of not supporting 256QAM of “impact to UE complexity” is misleading as it makes it seem that complexity increases if 256QAM is not supported.

	[3]
	Ericsson
	FGs 28-4 (‘DL 256QAM support for RedCap UE’) and 28-5 (‘UL 256QAM support for RedCap UE’)
For FGs 28-4 (‘DL 256QAM support for RedCap UE’) and 28-5 (‘UL 256QAM support for RedCap UE’), the ‘Type’ is set to ‘[Per band]’ and the ‘Need of FR1/FR2 differentiation’ is set to ‘[No]’. These FGs consist of several components, and in the current specification [7], some of the capabilities corresponding to these components are per UE, some are per band, and some are per frequency range. Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band.
1. FG 28-4 (‘DL 256QAM support for RedCap UE’) is either per band or per frequency range.
FG 28-5 (‘UL 256QAM support for RedCap UE’) is either per band or per frequency range.

	[5]
	vivo
	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. 
Proposal 8: Remove the FG 28-5 of UL 256QAM support for RedCap UE. The optional capability of pusch-256QAM can be reused for RedCap UE.

	[6]
	Huawei, HiSilicon
	The following WID descriptions should be the principles when considering to introducing new UE features for RedCap.
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
Hence we propose: 
Proposal 1: The current FG 28-4 and FG 28-5 can be realized by a RedCap UE reporting corresponding existing UE capabilities thus should not be newly introduced.

	[8]
	Samsung
	For the support of UL 256QAM, there is no change compared with NR UE. Therefore, we suggest to remove this feature 28-5 from the RedCap feature list. 
 Proposal #6: Remove Feature 28-5 from RedCap Feature list with the assumption that this capability can be shared with NR UE. 

	[9]
	MediaTek
	Also, for 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.

	[10]
	Intel
	For some of the FGs #28-x identified so far, the FG type can be confirmed as “per band”, with exception of FG #28-1 which is per UE.
Proposal 1:
· Confirm the type for the following Rel-17 FGs for RedCap as “per band”:
· FGs #28-2, 28-3, 28-4, 28-5.

	[11]
	DOCOMO
	· FG 28-5: UL 256QAM support for RedCap UE
· Currently DL 256QAM is supported/reported as optional with capability signalling for both FR1 and FR2 using pusch-256QAM per band and hence, it can be used for RedCap Ues as well. In that sense, we don’t see any motivation to introduce FG 28-5 in addition to pusch-256QAM.
· FG 28-5 should be removed

	[12]
	Apple
	Similarly, support of 256QAM for PUSCH is an optional feature for Rel-15 eMBB Ues, which is indicated by FG 1-5 (pusch-256QAM). The FG 1-5 can be fully reused for Redcap without differentiating from legacy Ues on this aspect. 
Proposal 4: Remove FG 28-5 in [1]. 

	[13]
	Nokia, Nokia Shanghai Bell
	Detailed comments on UE features are listed below. For reference, the feature list is available in the Annex. 
· Text currently on fields about ”consequences if not supported by the UE” is not appropriate for specifications, and can be removed
· FGs 28-2, 28-4, and 28-5 are essentially providing same information as FGs 2-3, 1-4, and 1-5, respectively. It is not clear if those need to be defined separately or if it is enough to add a note on 38.306 on how these existing FGs should be interpreted for REDCAP Ues. 
Proposal: Consider the observations and modifications proposed above for the next version of the corresponding RAN1 UE features list.




Discussion
[FL1] High priority question 6-1:
· Companies are encouraged to provide views on whether to remove FG 28-5
	Company
	Comment

	Huawei, HiSilicon
	Ok

	Qualcomm
	We are ok to remove FG 28-5

	DOCOMO
	Currently DL 256QAM is supported/reported as optional with capability signalling for both FR1 and FR2 using pusch-256QAM per band and hence, it can be used for RedCap Ues as well. In that sense, we don’t see any motivation to introduce FG 28-5 in addition to pusch-256QAM.

	Spreadtrum 
	Fine

	vivo
	OK with the suggestion from FL

	NEC
	OK

	ZTE, Sanechips
	OK to remove.

	Nordic 
	Remove 

	Samsung
	Fine to remove it and add note for existing FG.

	MediaTek
	Should be removed.

	Nokia, NSB
	OK to remove the FG and add a note in FG1-5. 

	Ericsson
	FG 28-5 exists in order to capture the RAN1 agreement that for RedCap Ues, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH. Note that these are capabilities of different ‘Type’ in the current specifications. If this can be captured in some other way, we are open to consider it.

	FUTUREWEI
	Ok to remove

	Intel
	OK to remove and adapt FG 1-5.

	Lenovo, Motorola Mobility
	OK

	FL2
	According to the comments provided so far, most companies are fine to remove FG 28-5 while Ericsson has concern on removing FG 28-5 only.
Therefore, no additional proposal is made for now, but companies are encouraged to check the comments provided so far and indicate if their position is changed.

	Ericsson
	If FG 28-5 is removed, how will the specifications capture (for both FR1 and FR2) that 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH?

	Intel
	To respond to Ericsson’s question, one option could be to capture the RedCap UE behavior/expectation as a note in existing FG.

	Apple 
	Support to remove it and add note in the FG 1-5 as commented by Intel. 

	FUTUREWEI2
	Given the suggestion from Intel, and that we should only introduce new signaling if necessary, for the next round of discussion this row should be removed

	DOCOMO
	Agree with Intel

	FL3
	Moderator will set a proposal in the next round discussion

	FL4
	According to the comments provided so far, many companies think that the concern on removing FG 28-5 can be addressed by capturing the RedCap UE behavior/expectation as a note in existing FG
Therefore, following proposal is made similar to proposal 5-1
[FL4] High priority proposal 6-1:
· FG 28-5 is removed
· 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”

	Qualcomm
	· We agree to remove FG 28-5
· We don’t think it is necessary to add a note in FG 1-5, because
· “256 QAM for PUSCH” was studied for R17 RedCap UE and has been excluded from the WI objectives
· based on the  RAN1 agreement,  the 256QAM MCS table for PUSCH is not supported by R17 RedCap UE if the R17 RedCap UE does not support 256 QAM



	FUTUREWEI
	Agree with FL proposal for removing FG 28-5

	ZTE, Sanechips
	OK with FL proposal.

	Samsung
	OK with FL proposal. 

	NEC
	OK

	Ericsson
	OK, assuming that the specifications capture (for both FR1 and FR2) that 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH

	Apple 
	OK with first bullet. 
We are also generally ok to add the note in 2nd bullet. 

One clarification question is why we need to add this note since legacy UE is also optional support 256QAM. Is it because legacy UE is mandated to support 256QAM MCS table even it does not support 256QAM on uplink? Just try to understand why we add the note if there is no difference between legacy and Redcap UEs on support 256QAM on uplink?  

	FL5
	Given that companies have still different view, no additional proposal is made in this meeting. Companies are encouraged to study whether/how to remove FG 28-5 toward the next RAN1 meeting considering the comments provided so far.
@Apple: This is a compromised proposal with Ericsson, who has concern on removing FG 28-5 only. Please see their comments provided so far for your reference.




Medium priority question 6-2:
· Companies are encouraged to provide views on whether the type of FG 28-5 should be per band or per UE
	Company
	Comment

	vivo
	Seems no need as FG 28-5 is supposed to be removed. 

	Nokia, NSB
	FG is not needed

	Ericsson
	Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band. Note that the parameter pusch-256QAM is reported per band by non-RedCap UEs.




Medium priority question 6-3:
· Companies are encouraged to provide views on FR1/FR2 differentiation for FG 28-5
	Company
	Comment

	vivo
	Seems no need as FG 28-5 is supposed to be removed. 

	Nokia, NSB
	FG is not needed

	Ericsson
	Our assumption is that it will at least be desired to indicate support per frequency range, perhaps even per band. Note that the parameter pusch-256QAM is reported per band by non-RedCap UEs.




Low priority question 6-4:
· Companies are encouraged to provide views on whether/how to revise the sentence in “Consequence if the feature is not supported by the UE” in FG28-5
	Company
	Comment

	
	

	
	

	
	




Low priority question 6-5:
· Companies are encouraged to provide views on whether/how to revise any other contents in FG 28-5 which do not have capability signaling impacts
	Company
	Comment

	
	

	
	

	
	





7. Other FGs
This section discusses other FGs which are not included in [1].
Following feedbacks are provided in contributions for the RAN1#106bis-e meeting.
	[2]
	FUTUREWEI
	Observations
2. The Early Indication functionality is missing
One such missing basic functionality from [1] is the Early Indication functionality. From [2]:
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
Though all Ues are also identifiable as RedCap through the normal capability exchange, it is beneficial (and the intent of the WID) for all Ues to support early indication and be able to use it.

	[4]
	Spreadtrum
	
The functionality of early indication for RedCap Ues is required to specify and the related objectives in the WID [1] are listed as follows.
	· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]



In the RAN1#106-e meeting, the following agreement was achieved on early indication in Msg1 for 4-step RACH:
	Agreement
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap Ues at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 


RAN2#115-e meeting has achieved an agreement on early indication for RedCap Ues in Msg3:
	Agreements online:
1.	A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)



Based on the above, the components of FG x-6 are listed below.
· Early indication in Msg1
· Early indication in Msg3 based on dedicated LCID
The notes for FG x-6 are listed below.
· No FDD/TDD differentiation
· No FR1/FR2 differentiation
Proposal 9: Define FG x-6 for early indication for RedCap Ues.

	[5]
	vivo
	· 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 FGs related to early indication for RedCap UE should be added:
	28. NR_redcap
	28-y
	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 hared between RedCap and non-RedCap 
	Optional with capability signalling

	28. NR_redcap
	28-ya
	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 hared 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-z
	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 and to reduce the UE implementation complexity and testing efforts for duplicated function, the FG28-y or FG28-z of early indication in Msg.1 or in Msg.3 should be optional UE FG. 
Proposal 5: Adding following optional FGs related to the early indication for RedCap UE.
· FG28-y:  Early indication of RedCap UE in Msg.1 for 4-step RACH
· FG28-ya: Early indication of RedCap UE in Msg.A for 2-step RACH
· FG28-z: Early indication of RedCap UE in Msg.3


	[7]
	ZTE, Sanechips
	Also for RedCap UE, the early identification is kind of mandatory feature since it can be configured by the gNB via SIB. However, for the optional 2-step RACH, msgA identification is also an optional feature. Therefore, we have the following proposal:
Proposal 17: For RedCap UE, 
· msg1 identification is mandatory feature
· msgA identification is optional feature

	[9]
	MediaTek
	Another issue is that RAN1 should identifies which R17 WI features that are not applicable to RedCap Ues.
Proposal 2: RAN1 should discuss which R17 WI features that are not applicable to RedCap Ues.

	[12]
	Apple
	Our view on early Indication functionality for Redcap devices is that it can be defined and captured in RAN2-led UE features since the entire feature is led by RAN2 as captured in WID. Hence, it is reasonable not to include it in the RAN1 FG list. 




Discussion
[FL1] High priority question 7-1:
· Companies are encouraged to provide views on whether/how to add FG(s) for early indication of RedCap UE, e.g.,
· FG for early indication of RedCap UE in Msg.1 for 4-step RACH
· FG for early indication of RedCap UE in Msg.A for 2-step RACH
· FG for early indication of RedCap UE in Msg.3
	Company
	Comment

	Huawei, HiSilicon
	Can be included since there is RAN1 agreed functions. However as they are also RAN2 led issues, needs to be confirmed by RAN2.

	Qualcomm
	We prefer to leave this to RAN2 discussion

	DOCOMO
	They should be discussed in RAN2

	vivo
	The followings are included as separate FGs
· FG for early indication of RedCap UE in Msg.1 for 4-step RACH
· FG for early indication of RedCap UE in Msg.3
The following should be discussed further in 8.6.2 on whether and how to support early indication during 2-Step RACH
· FG for early indication of RedCap UE in Msg.A for 2-step RACH


	NEC
	It should be handled by RAN2.

	ZTE, Sanechips
	Since msg1 identification was discussed in RAN1 and msg3 identification was discussed in RAN2, the corresponding capabilities also can be discussed in corresponding WGs, i.e, msg1 indication in RAN1 and msg3 indication in RAN2.
We support early indication as a FG. Moreover, for msg1 identification, since it can be configured during the initial access, it should be work as the mandatory FG for RedCap UE.  For the early indication for 2-step RACH, since 2-step RACH is optional, the early indication also should be optional.

	Nordic
	In our opinion Early identification is baseline feature FG28-1 , whether UE supports 2-step FG could be reused from R16

	Samsung
	Up to RAN 2

	Ericsson
	Early RedCap UE identification seems like a trivial enough feature to be part of the basic RedCap UE feature group, i.e., part of FG 28-1. It is important that all RedCap UEs support all applicable early RedCap UE identification methods, since otherwise it will be a broken feature. This discussion can also be left to RAN2.

	FUTUREWEI
	Support to add at early identification in Msg 1 (as was decided by RAN1) as a basic feature. It can be in 28-1 or in a FG on its own if needed, but should indicate in the mandatory/optional column that it must be supported. We can leave Msg 3 to RAN2.

	Intel
	Agree with Nordic and Ericsson that early indication features should be supported by RedCap UEs by default (subject to support of 2-step RACH). Thus, they could be captured as components of FG 28-1.

	Lenovo, Motorola Mobility
	We share similar view with ZTE. 

	FL2
	According to the comments provided so far, companies have different views:
· Should be included in RAN1 UE features: Huawei, HiSilicon, vivo
· FG for early indication of RedCap UE in Msg.1 for 4-step RACH: ZTE, Sanechips, FUTUREWEI, Lenovo, Motorola Mobility
· As a part of FG 28-1: Nordic, FUTUREWEI, Ericsson, Intel
· Leave to RAN2: Qualcomm, DOCOMO, NEC, Samsung, Ericsson
· FG for early indication of RedCap UE in Msg.3: ZTE, Sanechips, FUTUREWEI, Lenovo, Motorola Mobility
Therefore, no additional proposal is made for now, but companies are encouraged to check the comments provided so far and indicate if their position is changed.

	vivo
	We prefer a single WG to discuss the all the early indication related FGs, we are fine with either discuss in RAN1 or RAN2. It is not preferred to split the discussion to RAN1 and RAN2. 
In case the discussion will continue in RAN1, we think that MSG1 and MSG3 based early indication for 4-step RACH should be made as two separate FGs.  

	Nokia, NSB
	We agree that early indication needs to be part of the basic functionality. In any case it is questionable whether the signaling of a specific early indication capability would have any effect in practice, given that it is sent rather late already.

	Qualcomm
	In our view,  all RedCap UEs shall support 4-step RACH (similar to non-RedCap UE, 4-step RACH is mandatory whereas 2-step RACH is an optional UE capability). Therefore, a RedCap UE shall be able to transmit msg1 and msg3 within its initial UL BWP, if the RedCap UE has selected 4-step RACH (instead of 2-step RACH) based a pre-configured criteria of RACH type selection.
On the other hand, early indication by msg1 (and/or msg3) is enabled or disabled by NW via SIB. If enabled, separate PRACH resources will be configured for RedCap UE in SIB, and RedCap UE shall be able to extract the RedCap-specific IE for PRACH resource configuration.
We are open to consider “early indication of RedCap UE type in msg1 or msgA PRACH” as a L1 UE feature, given its dependency on UE’s capability to extract RedCap-specific PRACH resource configuration in SIB and RedCap UE’s capability for RACH type selection.


	ZTE, Sanechips
	From our understanding,  msg1 identification in 4-step RACH can be mandatory FG for RedCap or also can be the basic component for RedCap definition in 28-1, otherwise, when the non-RedCap UE initial BWP is larger than the UE maximum bandwidth, if this UE does not support msg1 early indication in 4-step RACH, this UE may be unable to access to the network.

	Ericsson
	The Msg1/Msg3 early indications should be mandatory for all RedCap UEs. The most straightforward way to indicate this seems to be to make the Msg1/Msg3 early indications components of FG 28-1 rather than introducing new FGs.

	Intel
	Same view as Ericsson.

	Nordic
	Right UE may support 2-step and 4-step, but early identification only for 4-step. 

4-step Early identification should be in basic FG
2-step Early identification an optional separate FG


	FUTUREWEI2
	If there was ever any FG that we should have a placeholder for, it would be this one. Even if all of the contents are in [ ]. Not mentioning it at all will imply that RAN1 is OK for UE to not support early indication or that we do not think it is part of a basic feature

	Samsung
	This is a RAN 2 led feature. Whether mandatory or option may depend/impact on RAN 2 design. We think this feature should leave to RAN 2.

	DOCOMO
	If those capabilities are included in RAN1 UE feature list, we are fine to include the capability for early indication for 4 step-RACH as a component of 28-1, and add an FG for early indication for 2 step-RACH as optional

	FL3
	Moderator will set a proposal in the next round discussion

	FL4
	It seems companies positions have not changed. No additional questions/proposals will not be made in this meeting. Companies are encouraged to check the comments provided so far and prepare their view for the next RAN1 meeting.




[FL4] Medium priority question 7-2:
· Companies are encouraged to provide views on whether/how to discuss which Rel-17 UE features are not applicable to RedCap UEs
	Company
	Comment

	Nordic 
	Create an Excel where companies can provide input. 

	Ericsson
	This can be discussed either in the Rel-17 UE feature list discussion or the other ongoing discussion on support of legacy features for RedCap UEs.

	Qualcomm
	Since 4-stpe RACH is mandatory for RedCap UE and early indication oby msg1 is enabled/disabled by SIB (every RedCap UE needs to decode SIB), at least msg1-based early indication should be supported as a mandatory feature of R17  edCap UE. 


	FUTUREWEI
	We have a similar understanding about early indication as Qualcomm

	ZTE, Sanechips
	Msg1 identification in 4-step RACH should be mandatory for RedCap.
MsgA preamble identification in 2-step RACH should be optional.

	Samsung
	RAN 1 can take the lead for this feature.No need to discuss in RAN 1 again, unless some RAN 1 specific issue is identified. 

	FL5
	Given that companies have different view and considering the remaining time in this meeting, no additional proposal is made. Companies are encouraged to study whether/how to discuss which Rel-17 UE features are not applicable to RedCap UEs toward the next RAN1 meeting considering the comments provided so far.





8. Conclusions
Following agreements were made in this RAN1 meeting:

Agreement
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 provides as placeholders.

Agreement
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 provides as placeholders.

Agreement
· FG 28-1 is supported as a basic FG for RedCap UE
· It is clarified in the column of “Mandatory/Optional”

Agreement
· 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”

Agreement
· 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”

Agreement
· 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”
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