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Introduction
This contribution addresses the identified remaining issues on the UE features for the new Rel-18 WID “BWP without restriction” in [1] with objectives in the following. This is revision of R1-2305649.
	The work item includes following objectives: 
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only if there is no CSI-RS, no NCD SSB and no CD SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
· The interruption related requirements will be decided and specified in RAN4.

The expected RAN2 impacts are the RRC configuration signalling for the above options, and the capability signalling aspects.


 
Discussion
Based on the UE features in [2], the identified remaining issues include the following: 
1.	Type of B-1-1 and B-1-2: per band or per FSPC?
2.	Constraint(s) of CD-SSB within the bandwidth of [the corresponding carrier(s) to be measured.]
3.	Numerologies of active BWP and BWP containing CD-SSB 
4.   [UE indicates at most one of FG 53-1 and FG 53-2.]
5.	Prerequisites of FG53-2 (B-1-2): [1-7, 2-24, 2-31, 53-3]
6.	 FFS: further clarify relationship to existing FG 6-1a for Option A (RLM/BM/BFD measurements based on CSI-RS within active BWP)
Type of FG 53-1 (B-1-1) and FG 53-2 (B-1-2)
To support RLM/BM/BFD measurements using CD-SSB outside active BWP without any interruption, as discussed in RAN4 previously [R4-2214355], UE can operate using larger BW covering SSB outside active BWP or UE can utilize an additional separate RF chain [R4-2214355]. Whether UE has any spare RF to support B-1-1 depends on its band combination signaled by the NW. In this regard, FG 53-1 in the table below should be supported as “Per-FSPC” type.
Take a UE with a peak envelope of four CCs for example. When it is configured with a band combination that has 3CCs, then it can support FG 53-1 (B-1-1) in one (and only one) of the three configured CCs, and it may report the support of FG 53-2 (B-1-2) for the other three CCs. However, when it is configured with a band combination with four CCs which reach its peak envelope, then it cannot support FG 53-1 (B-1-1) on any of the configured CCs. Instead it may report the support of FG 53-2 (B-1-2) for all the four CCs. Therefore, “per FSPC” should be supported for both FG 53-1 and FG 53-2. 
In addition, it is our understanding, for an option for L1 measurements (chosen from Option A, B-1-1, B-1-2, and Option C), there should be a companion method(s) for L3 measurements. In fact, there was a high interest in this at last RAN4#106bis-e meeting and the following agreements were made.  
	Agreement
· It is a common RAN4 understanding that support of L3 measurements based on NCD-SSB for Option C can be beneficial, but it is not explicitly included in the WI objectives. Whether to support L3 measurements based on NCD-SSB is up to RAN decision.
· RAN4 work will focus on enabling L1 measurements based on NCD-SSB in Q2’2023.
Agreement
· It is a common RAN4 understanding that L3 measurements requirements impact for options B-1-1 and B-1-2 are not explicitly included in the WI objectives.
· RAN4 work will focus on enabling L1 measurements for option B-1-1 and B-1-2 in Q2’2023
· In RAN4 #107 RAN4 can continue discussion on whether any further clarifications are needed on intra-frequency measurements for UEs supporting options B-1-1 and B-1-2



For B-1-1 and B-1-2, the candidate companion L3 measurement techniques are Rel-16 NeedForGap and/or Rel-17 NCSG which perform L3 measurements using CD-SSB outside active BWP. Both features have adopted the dynamic capability reporting framework which was introduced in NR. In this dynamic capability reporting framework, the measurement gap requirement information (e.g.:{gap, nogap} for Rel-16 NeedForGap, or {gap, NCSG, or nogap-noNCSG} for Rel-17 NCSG) is reported back by the UE in the UE’s RRC Response message to a NW configuration RRC message. See an example in Figure 1 for detailed signaling. Please note that the reporting is based on the resultant band combination configured to the UE. With this dynamic reporting framework, it can achieve a good trade-off between NW’s signaling overhead and UE’s design flexibility. 
[bookmark: _Ref135070028]Observation 1: For the counterpart of B-1-1 and B-1-2 for L3 measurements, both candidate features, Rel-16 NeedForGap and Rel-17 NCSG, apply the dynamic UE capability reporting framework which provides good trade-off between signaling overhead and UE flexibility. 
[bookmark: _Ref135070055]Proposal 1: Regarding the types of FG 53-1 (B-1-1) and FG 53-2 (B-1-2), RAN1 down-selects one of the following options:
· Option 1: Adopt “per FSPC” for both FG 53-1 (B-1-1) and FG53-2 (B-1-2). 
· Option 2: Adopt the “dynamic” UE reporting capability framework” to align with Rel-16 NeedForGap and Rel-17 NCSG (i.e. the potential counterparts for L3 measurements for B-1-1 and B-1-2)
· Details left to RAN2. Send LS to RAN2
· Option 3: Hand over the discussion to RAN4 and let RAN4 decide 
· Send L4 to RAN4 
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[bookmark: _Ref135063141]Figure 1: Illustrating of the Dynamic Capability Reporting framework with Rel-16 NeedForGap

Constraint(s) of CD-SSB within the carrier to be measured
Two options have been made on this issue: 
· Option 1 (from [3]): In FG53-1 & FG53-2 component 1 about the CD-SSB is outside active DL BWP but is within the bandwidth of [the corresponding carrier(s) to be measured.] at least one DL BWP of the carrier, where:
· (Case 1) if the UE has one UE-specific DL BWP configuration, the CD-SSB is within the bandwidth of either initial DL BWP or UE-specific DL BWP; 
· (Case 2) if the UE has more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWPs. 
· Option 2 (from [4]): Introduce candidate values, or allow to report a maximum value, for indicating the total frequency span of SSB and an active BWP on which a UE can perform measurement based on SSB without interruptions. 
· Candidate values can be (a subset of) current UE channel BWs.

With Option1, the number of RF center frequencies that UE needs to perform RF retuning can remain same as the number of BWPs that UE can support. From this aspect, it can reduce UE’s complexity. Hence, we in principle are fine with Option 1. 
Regarding Option 1, we think Option 2 is reasonable proposal which provides a good trade off and flexibility for UE. This WI was originally motivated for UE power saving and gNB’s configuration flexibility. Without sufficient reporting flexibility, UE may be forced either to give up the support for B-1-1 entirely or to be “over-capable” at the cost power consuming and UE complexity. We hence support Option 2 for this issue. 
[bookmark: _Ref135070078]Proposal 2: At least for FG53-1 (B-1-1), introduce candidate values, or allow to report a maximum value, for indicating the total frequency span of SSB and an active BWP on which a UE can perform measurement based on SSB without interruptions. 
· Candidate values can be (a subset of) current UE channel BWs
Numerology of active BWP and CD-SSB
[bookmark: _Ref134989121]There is a note in FG 6-1a saying “6-1a is applicable to 6-1, 6-2, 6-3, or 6-4.” A similar note was added to FG53-1, FG53-2, and FG53-3 in the original proposed table from the moderator. But it was decided to remove at last RAN1 meeting. The difference between FG 6-1, 6-2, 6-3, and 6-4 mainly include two aspects:
· Number of RRC-configured BWPs that UE can support 
· Same or different numerologies between the current (active) BWP and the target BWP

For FG 53-1 and 53-2, the number of concerned BWPs is always 2. Hence, the first aspect is clear. But for the second aspect on numerology, it needs some clarification. The following options can serve as starting point for discussion. 
· Option 1: Add the following component to both FG53-1 and FG53-2. Create another two FGs to capture the different numerology cases. 
· UE assumes the same numerology between the active BWP and the CD-SSB.
· Option 2: Add the following notes to FG 53-1 and FG 53-2
· FG 53-1 (FG53-2) is applicable to 6-1, 6-2, 6-3, or 6-4.
· For example, if UE indicates the support for FG 6-4 and FG 53-1, it means UE can support FG 53-1 with different numerologies between the active BWP and CD-SSB. Otherwise, it can only support the same numerology.
[bookmark: _Ref135070098][bookmark: _Ref135347266]Proposal 3: For FG 53-1 and FG 53-2, RAN1 clarifies the numerologies of the active BWP and the CD-SSB. The following two options can serve as a starting point. 
· Option 1: Add the following component to both FG53-1 and FG53-2. Create another two FGs to capture the different numerology cases. 
· UE assumes the same numerology between the active BWP and the CD-SSB.
· Option 2: Add the following notes to FG 53-1 and FG 53-2
· FG 53-1 (FG53-2) is applicable to 6-1, 6-2, 6-3, or 6-4.
· For example, if UE indicates the support for FG 6-4 and FG 53-1, it means UE can support FG 53-1 with different numerologies between the active BWP and CD-SSB. Otherwise, it can only support the same numerology.
Support for FG 53-1 and FG 53-2 
On [UE indicates at most one of FG 53-1 and FG 53-2.]
As to FG53-1 (B-1-1) and FG53-2 (B-1-2), we don’t see a need for a UE to indicate the support for both UE feature groups for a carrier component in a given band combination. If a UE is capable of supporting B-1-1 without any interruption, why does it want to indicate the support for B-1-2 with interruption? And vice versa, why would a NW want to configure B-1-2 to a UE that can support both features? 
[bookmark: _Ref131708698][bookmark: _Ref135347274]Proposal 4: UE can indicate at most one of FG 53-1 (i.e. B-1-1) and FG 53-2 (i.e. B-1-2) for a carrier component in a band combination. 
Prerequisites for FG 53-2 
About the prerequisites of FG53-2 (B-1-2), currently CSI-RS based L1 measurements ([FG 1-7, 2-24, 2-31]) and Option C with NCD-SSB([53-3]) are listed. Recall that B-1-1 was proposed in the first place because the IODT availability for Option A with FG 1-7, 2-24, and FG 2-31 was questioned. Option A, Option C, and B-1-2/B-1-1 are alternative solutions to support BWP without restriction. For an infra vendor that is interested in supporting this feature, it is likely only one the options (A, B, or C) would be implemented. The IODT availability for the other two options may be questionable. Therefore, we are not sure we should list FGs 1-7, 2-24, 2-31, and 53-3 as prerequisites for FG 53-2 without any further clarification. In addition, if FGs 1-7, 2-24, and 2-31 are listed as prerequisites, does the UE need to do IODT in a deployment where it is configured with CSI-RS for these L1 measurements on an active BWP that does not contain CD-SSB? 
[bookmark: _Ref135070175][bookmark: _Ref135347282]Proposal 5: RAN1 discusses what it means to list the alternative solutions, i.e. Option A and Option C, as prerequisites for FG 53-2 (B-1-2) to support BWP without restriction. 
Indication for Option A support  
The following FFS point was captured at last meeting: 
· FFS: further clarify relationship to existing FG 6-1a for Option A (RLM/BM/BFD measurements based on CSI-RS within active BWP)

For this issue, based on RAN agreements, Option A is the existing solution to FG 6-1a. Therefore, UE can indicate its support for Option A via FG 6-1a. 
[bookmark: _Ref135070182]Proposal 6: For Option A, UE uses FG6-1a to indicate the support for RLM/BM/BFD measurements based on CSI-RS within active BWP.
Conclusion
In this contribution, we make the following proposals. 
Proposal 1: Regarding the types of FG 53-1 (B-1-1) and FG 53-2 (B-1-2), RAN1 down-selects one of the following options:
· Option 1: Adopt “per FSPC” for both FG 53-1 (B-1-1) and FG53-2 (B-1-2). 
· Option 2: Adopt the “dynamic” UE reporting capability framework” to align with Rel-16 NeedForGap and Rel-17 NCSG (i.e. the potential counterparts for L3 measurements for B-1-1 and B-1-2)
· Details left to RAN2. Send LS to RAN2
· Option 3: Hand over the discussion to RAN4 and let RAN4 decide 
· Send L4 to RAN4 

Proposal 2: At least for FG53-1 (B-1-1), introduce candidate values, or allow to report a maximum value, for indicating the total frequency span of SSB and an active BWP on which a UE can perform measurement based on SSB without interruptions.
· Candidate values can be (a subset of) current UE channel BWs

Proposal 3: For FG 53-1 and FG 53-2, RAN1 clarifies the numerologies of the active BWP and the CD-SSB. The following two options can serve as a starting point.
· Option 1: Add the following component to both FG53-1 and FG53-2. Create another two FGs to capture the different numerology cases. 
· UE assumes the same numerology between the active BWP and the CD-SSB.
· Option 2: Add the following notes to FG 53-1 and FG 53-2
· FG 53-1 (FG53-2) is applicable to 6-1, 6-2, 6-3, or 6-4.
· For example, if UE indicates the support for FG 6-4 and FG 53-1, it means UE can support FG 53-1 with different numerologies between the active BWP and CD-SSB. Otherwise, it can only support the same numerology.
Proposal 4: UE can indicate at most one of FG 53-1 (i.e. B-1-1) and FG 53-2 (i.e. B-1-2) for a carrier component in a band combination.
Proposal 5: RAN1 discusses what it means to list the alternative solutions, i.e. Option A and Option C, as prerequisites for FG 53-2 (B-1-2) to support BWP without restriction.
Proposal 6: For Option A, UE uses FG6-1a to indicate the support for RLM/BM/BFD measurements based on CSI-RS within active BWP.
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