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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. The discussion is based on the latest agreed UE feature groups in [2] which are copied in Appendix for reference. 
	The work item includes following objectives for non-Redcap UE: 
1) Specify support for BM/RLM/BFD:
· 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 onSSB 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 Interoperability Device Testing (IoDT) availability). 
· The interruption related requirements will be decided and specified in RAN4.

2) Specify the necessary requirements to support L3 intra-frequency measurements without gaps (RAN4)
· For Option B-1-1
· Specify applicability of legacy intra-frequency L3 measurements without gap and corresponding UE capabilities, if needed.
· Note: UEs capable of Option B-1-1 BWP operation can optionally support L3 intra-frequency measurements with gaps.
· For Option C
· Specify requirements for L3 intra-frequency measurements based on existing RedCap NCD-SSB requirements.
· Note: further check in RAN #101 on whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 

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 FG53-1 and FG53-2: per band, per FS, or per FSPC?
2.   [UE indicates at most one of FG 53-1 and FG 53-2 for the agreed granularity.]
3.	Prerequisites of FG53-2 (B-1-2): [1-7, 2-24, 2-31, 53-3]
4.	FFS: further clarify relationship to existing FG 6-1a for Option A (RLM/BM/BFD measurements based on CSI-RS within active BWP)
In addition, we propose to add larger periodicities for rate matching patterns so that gNB can configure UE to rate match around NCD-SSB to increase network’s spectral efficiency. 
Type of FG 53-1 and FG 53-2
To support RLM/BM/BFD measurements using CD-SSB outside active BWP without any interruption, i.e. FG 53-1, UE can operate using larger BW covering SSB outside active BWP. For a carrier component that UE supports a smaller bandwidth, e.g. CC#1 in Band X in Figure 1, UE may indicate the support for FG53-1 since the additional power consumption is affordable to trade for better throughput performance. On the other hand, for a carrier component that UE supports a larger bandwidth, e.g. CC#2 in Band X in Figure 1, UE may decide not to indicate the support for FG53-1 considering the additional power consumption it may cause. Therefore, we think per FSPC should be supported to provide UE implementation flexibility to trade between throughput and power consumption. If “per band” is agreed instead, UE can only indicate “support” or “not support” for Band X regardless of what band combinations with Band X it can support. If UE indicates “support,” it may risk excessive power consumption in CC#2 which is contradicting to the original motivation of this WI. Taking previous discussions into consideration, perhaps “per FS” can serve as a middle ground for both sides to move forward.  
Proposal 1: Support “per FS” for both FG 53-1 and FG 53-2. 


[bookmark: _Ref141888702]Figure 1: Illustration of carrier components with different channel bandwidths in a band
Support for FG 53-1 and FG 53-2 
On [UE indicates at most one of FG 53-1 and FG 53-2.]
Regarding FG53-1 and FG53-2, we don’t see a need for a UE to indicate the support for both feature groups for the agreed granularity (e.g. per FS as we have proposed). Say for a band in a given band combination (i.e. “per FS”), even if UE indicates both FG 53-1 and FG 53-2, why would a network configure the UE with FG 53-2 instead of FG 53-1? Based on offline discussion at RAN1#113, no positive feedback was received. Therefore, it is not useful to allow UE to indicate both capabilities. If UE is allowed to indicate only one of them for the agreed reporting granularity, it is hence unnecessary to introduce a new RRC parameter for NW to configure B-1-2 (or B-1-1). 
[bookmark: _Ref131708698][bookmark: _Ref135347274]Proposal 2: Add the following note to FG 53-1 and FG 53-2: 
· For the agreed type (e.g. per FS) for FG 53-1 and FG 53-2, UE indicates at most one of FG 53-1 and FG 53-2. 
· Detailed signaling of FG 53-1 and FG 53-2 is up to RAN2. 

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]) are listed with square brackets. 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-1-1/B-1-2 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-1-1, B-1-2, or C) would be implemented. The IODT availability for the other 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 it mean that the UE needs 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? Or does it mean that UE can do IODT for these CSI-RS related FGs in any deployments including when the active BWP always contain CD-SSB (i.e. based on FG6-1 deployment)?
[bookmark: _Ref135070175][bookmark: _Ref135347282]Proposal 3: RAN1 discusses what it means to list the alternative solutions, especially Option A, as prerequisites for FG 53-2 to support BWP without restriction. 
Proposal 4: FGs [1-7, 2-24, 2-31] are not listed as prerequisites for FG 53-2. 
Indication for Option A support  
The following FFS point was captured at RAN1#112bis-e meeting but has not been discussed since then: 
· 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 5: For Option A, UE uses FG6-1a to indicate the support for RLM/BM/BFD measurements based on CSI-RS within active BWP.

Rate matching periodicity
For Option C, NCD-SSB can be only configured to a UE via dedicated BWP configuration. However, other UEs are aware of the presence of NCD-SSB and cannot rate match around NCD-SSB unless instructed by its serving gNB. Unfortunately, the maximum periodicity of RateMatchPattern is only 40ms which is less than the configurable periodicities of 80ms and 160ms for NCD-SSB. Considering the trade-off between signaling overhead and specification completeness, we hence propose to add periodicities of n80 and n160 to RateMatchPattern to avoid unnecessary resource waste when NCD-SSB is configured with a periodicity of 80ms or 160ms at least for 15kHz and 30kHz SCS.
As seen in TS 38.331, NCD-SSB can be configured with a periodicity of {5, 10, 20, 40, 80, or 160} msec. 
	NonCellDefiningSSB information element
NonCellDefiningSSB-r17 ::=      SEQUENCE {
    absoluteFrequencySSB-r17        ARFCN-ValueNR,
    ssb-Periodicity-r17             ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }       OPTIONAL,   -- Need S
    ssb-TimeOffset-r17              ENUMERATED { ms5, ms10, ms15, ms20, ms40, ms80, spare2, spare1 }      OPTIONAL,   -- Need S
    ...
}



From 38.331, the maximum periodicity value from periodicityAndPattern is n40. 
	38.331

RateMatchPattern ::=                SEQUENCE {
    rateMatchPatternId                  RateMatchPatternId,

    patternType                         CHOICE {
        bitmaps                             SEQUENCE {
            resourceBlocks                      BIT STRING (SIZE (275)),
            symbolsInResourceBlock              CHOICE {
                oneSlot                             BIT STRING (SIZE (14)),
                twoSlots                            BIT STRING (SIZE (28))
            },
            periodicityAndPattern               CHOICE {
                n2                                  BIT STRING (SIZE (2)),
                n4                                  BIT STRING (SIZE (4)),
                n5                                  BIT STRING (SIZE (5)),
                n8                                  BIT STRING (SIZE (8)),
                n10                                 BIT STRING (SIZE (10)),
                n20                                 BIT STRING (SIZE (20)),
                n40                                 BIT STRING (SIZE (40))
            }                                                                                           OPTIONAL,   -- Need S
            ...
        },
        controlResourceSet                  ControlResourceSetId
    },
    subcarrierSpacing                   SubcarrierSpacing                                               OPTIONAL,   -- Cond CellLevel
    dummy                               ENUMERATED { dynamic, semiStatic },
    ...,
    [[
    controlResourceSet-r16              ControlResourceSetId-r16                                        OPTIONAL    -- Need R
    ]]

}



Besides, from 38.214, there is statement as follows. 
	Clause 5.1.4.1 of TS 38.214
[bookmark: _Hlk131682977]The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40 msec.



But for NCD-SSB, gNB may configure a longer periodicity than CD-SSB such as 40ms/80ms/160ms. With a RateMatchPattern periodicity shorter than that of NCD-SSB, some REs that are not used by NCD-SSB will be wasted. 
Therefore, we have following proposals:
Proposal 6: Add periodicities of n80 and n160 to periodicityAndPattern in RateMatchPattern. Include these to RRC parameters to RAN2.
Proposal 7: Adopt the following FG 53-4.
	53. NR_BWP_wor
	53-4
	Support periodicityAndPattern of {n80, n160} in RateMatchPattern
	Support periodicityAndPattern of {n80, n160} in RateMatchPattern
	5-26 or 5-27
	Yes
	n/a
	UE cannot support RateMatchPattern with periodicity of n80 and n160
	Per UE
	No
	No
	n/a
	
	Optional with capability signalling



Conclusion
In this contribution, we make the following proposals. 
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Appendix
	53. NR_BWP_wor
	53-1
	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	1. UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured. 

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
	
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	[Per band]
	No

	No
	n/a
	[UE indicates at most one of FG 53-1 and FG 53-2.]

Note: The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

This FG is not applicable to RedCap UEs.
	Optional with capability signalling

	53. NR_BWP_wor
	53-2
	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP with interruptions
	1. UE is allowed to performs RLM/BM/BFD measurements based on CD-SSB outside the active BWP with interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
	[1-7, 2-24, 2-31,] 53-3
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on CD-SSB outside active BWP and meet interruptions requirements
	[Per band]
	No

	No
	n/a
	This feature only applies 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.

The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

This FG is not applicable to RedCap UEs.
	Optional with capability signalling

	53. NR_BWP_wor
	53-3
	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell
3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.
	
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on NCD-SSB within active BWP 
	Per band
	No

	No
	n/a
	This FG is not applicable to RedCap UEs.
	Optional with capability signalling
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