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Introduction
The candidate solutions for BWP operation without restriction (FG6-1a) were extensively discussed in RAN and RAN4 in the previous meetings. 
· RAN #96 (Jun 2022): RAN #96 tasked RAN1/2/4 to ensure that Feature Group 6-1a "bwp-WithoutRestriction" works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97.
· RAN #97e (Sep 2022): Based on LS in RP-221908 [1] from RAN1 and RP-221911 [2] from RAN4 this was further discussed, and the topic was concluded in [3] - RAN tasked RAN4 to do a high-level analysis of the candidate options in RAN4’s answer to Q2 in RP-221911 [2] and report it to RAN#98 for RAN decision.
· RAN4 #105 (Nov 2022): RAN4 sent LS R4-2220437 [4] with conclusions on the set of candidate solutions to support of BWPs without restriction and analysis of pros/cons of different candidate options.
· RAN #98e (Dec 2022): RAN continued discussion based on received RAN4 LS [4] with discussion summary provided in [5]. No final decisions were made, and it was decided that RAN will come back at RAN#99.
· RAN4 #106 (Feb 2023): Additional discussion took place in RAN4 on Option A solutions and summarized in LS R4-2303314 [6]. RAN4 confirmed again that CSI-RS based Option A is already feasible and that the existing UE transmission timing error requirements based on the SSB would still apply. It was also decided to continue discussion if any additional clarifications on timing requirements for Option A need to be captured in TS 38.133. 
In this paper we share our views on different candidate solutions identified in the LS for the BWP operation without restriction.
Discussion
Views on candidate options
The candidate solutions for BWP without restriction (FG6-1a) were investigated by RAN4 and the summary of views is provided in [4]. In particular, the following candidate solutions were down-selected:
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD

In Table 1 we summarize RAN4 observations based on LS [4].
Table 1. High-level analysis on candidate solutions for FG 6-1a support based on [4]
	Options
	RRM req-s impact/workload
	Power consumption
	UE 
complexity
	Mobility impact
	Throughput impact

	Option A
	Low
	Low
	Low
	Low
	None

	Option B-1-1
	Low
	High
	Low / Med
	Low
	None

	Option B-1-2
	Low / Med
	Med
	Low / Med
	Low
	Low / Med

	Option B-2-2
w/ NCSG
	Low / Med
	Low
	Med
	Low
	Low / Med

	Option B-2-2
w/ MGs
	Med
	Low
	Med
	Low
	Med

	Option C
	Low
	Low
	Low
	Low
	None



Observation 1: Option A and Option C solutions have the lowest impact on RRM requirements, power consumption, UE complexity, mobility and throughput performance. Option B solution have potentially higher impact, especially in terms of RRM requirements impacts and UE complexity and power consumption.

In accordance to RAN #98e discussion there was a common understanding that Option A solution is already feasible and additional confirmation was provided by RAN4 in [6]. 
Observation 2: Option A solution with CSI-RS based measurements is already confirmed to be feasible and can be used in the existing deployments. 

The option B and C solutions were discussed in RAN #98e and no consensus was reached to downselect a single solution or a sub-set of solutions [5]:
	7.1 Insufficient support / sufficient opposition to specifying the following in Rel 18:
Q1 -> B-1-2 on its own 
Q2 -> B-2-2 on its own 
Q15 -> B-1-1 and B-2-2 NCSG 
Q18 -> B-1-1, B-1-2 and C
Q19 -> B-1-1 and B-2-2 NCSG and C
7.2 Option B-1-1 and Option C:
Q14 specifying B-1-1 attracted good support (14) but also significant opposition (11). Q16 specifying option C attracted good support (14) but also significant opposition (10)
As a result of earlier rounds, the compromise of specifying both ”B-1-1 without early implementability” and C, both as optional features in Rel 18 was discussed (Q17, Q20).


It may be observed that the final proposed compromise elaborated in the previous meeting included several candidate options. In our view the decision to accommodate multiple solutions to resolve the same technical problem may result in the fragmentation of UE and NW implementations, which would negatively affect the adoption of respective features in practical deployments. For instance, it may be difficult to guarantee that both NW and UE would support a same set of solutions. And in the worst case both NW and UE implementations can be forced to support the full set of solutions. Therefore, a minimal set of solutions would be desirable for real deployment to ensure compatibility of UE and network implementations. 
Observation 3: Down-selecting multiple additional solutions for BWP without restriction would result in a fragmentation of UE and NW implementations, and would potentially negatively affect practical deployments and feature commercialization. 

To ensure a wider feature adoption, the set of introduced solutions should allow network implementations supporting SSB and those supporting CSI-RS based measurements and beam management frameworks. Option A solution is based on CSI-RS measurements and perfectly fits for networks supporting CSI-RS measurements framework. All Option B/C solutions rely on SSB-based framework, and we do not see a strong justification to implement multiple solutions from among the SSB-based approaches.
Observation 4: Option A solution provides a feasible solutions network implementations with CSI-RS based beam management framework. Options B-1-1, B-1-2, B-2-2 and C all aim to address network implementations with SSB-based beam management framework. 

Extensive discussions took place on Options B-1-1/B-1-2 and B-2-2 in the previous meetings. Overall, option B-1-1 provides network transparent operation; however, several concerns were raised on potential impacts on UE power consumption as well on whether such solutions may be applicable in all scenarios (e.g., transparent interruption-free operation). Additional RAN4 studies and work may be required to identify those aspects. Option B-1-2 may have implications on the UE power consumption and has non-trivial impacts on RAN4 specifications. Option B-2-2 may require substantial amount of RAN4 work including new signalling and mechanism for dedicated MG or NCSG needs to be introduced for RLM/BFD/BM measurements. Meantime, for Option C solution it is likely that the majority of existing requirements with NCD-SSB for 2 Rx Redcap UEs can be applied for normal UEs. 
The work on the development of new Option B solutions may require non-trivial efforts in RAN4. Given the current level of RAN4 workload we do not think that adding new projects with such scope is reasonable and may result in delayed progress for other topics. Therefore Rel-19 is preferable for Option B solutions. For Rel-18, considering RAN4 working load, it would be beneficial to focus on the existing solutions such as Option C.
Observation 5: Option C has the least spec impact and complexity and can be considered in Rel-18 timeframe, while Option B solutions would require more RAN4 work and can be considered in Rel-19.

In summary, we recommend RAN to down-select one additional solution to allow BWP without restriction operation based on NCD-SSB design in Rel-18 timeframe. The discussions on option B  solutions should be postponed till Rel-19 timeframe.
Proposal 1:	Specify support for Option C solution for BWP operation without restriction.
Proposal 1a: 	Complete specification work on Option C in Rel-18 timeframe.
Proposal 2:	If Proposal 1 is not agreeable, then discussion can continue to specify one option B variant in Rel-19.
On UE capabilities signalling for Option A
As discussed in RAN #98e the FG 6-1a with CSI-RS based RLM/BM/BFD (Option A) can already be supported based on existing specifications. In order to support Option A, a UE also needs to support features FG1-7 (CSI-RS based RLM), FG 2-24 (SSB/CSI-RS for beam measurement) and FG 2-31 (Beam failure recovery), which are all currently defined as mandatory with capability signalling as shown in Table 2. 
In accordance with the current description of FG 2-24 (SSB/CSI-RS for beam measurement) there is no mandate for UE to report non-zero values for FR2 for component 2. If UE reports zero value for the component 2 (i.e., max number of CSI-RS resources) then UE won’t be able to support operation under BWP without restriction scenarios with CSI-RS based RLM/BM/BFD. We recommend updating the FG 2-24 description in such a way that UEs supporting FG 6-1a with CSI-RS based operation need to report FG 2-24 capability with a non-zero values for the component 2 for FR2 operation.
Observation 6: There is UE capability issue in CSI-RS based BM operation for FR2 to support FG 6-1a. The UE supporting FG 6-1a needs to report non-zero value on component 2 in FG 2-24 for FR2.
Proposal 3:	Task WGs to update UE capabilities such that UEs supporting FG 6-1a with CSI-RS based operation need to report FG 2-24 capability with a non-zero value for the component 2 for FR2 operation.
Table 2. Feature groups related with FG 6-1a [7-8]
	Index
	Feature group
	Components
	Field name in TS 38.331
	Mandatory / Optional

	1-7
	CSI-RS based RLM
	CSI-RS based RLM
	csi-RS-RLM
	Mandatory with capability signalling

	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1

2) The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1

3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2

4) Supported density of CSI-RS

5) The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	beamManagementSSB-CSI-RS {
1. maxNumberSSB-CSI-RS-ResourceOneTx
2. maxNumberCSI-RS-Resource
3. maxNumberCSI-RS-ResourceTwoTx
4. supportedCSI-RS-Density
5. maxNumberAperiodicCSI-RS-Resource
}
	Mandatory with capability signalling

Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signalling.

Component-2, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
For FR1, UE is mandated to report at least 8.

Component-3, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-4: candidate value set:
{"not supported", "1 only", "3 only", "both 1 and 3"}
On FR2, UE is mandated to signal either "3 only" or "both 1 and 3"
On FR1, either "3 only" or "both 1 and 3" is mandatory with UE capability signalling.

Component-5, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
For both FR1 and FR2, UE is mandated to report at least 4

	2-31
	Beam failure recovery
	1) Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality
2) Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality
3) Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications.
	1. maxNumberCSI-RS-BFD
2. maxNumberSSB-BFD
3. maxNumberCSI-RS-SSB-CBD
	Mandatory with capability signalling for FR2
Optional with capability signalling for FR1

Component-1 candidate value set: {from 1 to 16}
Component-2 candidate: {from 1 to 16}
Component-3:
Candidate value set is: {from 1 to 128}
UE is mandated to support at least 32 for FR2


Conclusion
In this paper we share views on FG6-1a operation and make the following proposals:
Proposal 1:	Specify support for Option C solution for BWP operation without restriction.
Proposal 1a: 	Complete specification work on Option C in Rel-18 timeframe.
Proposal 2:	If Proposal 1 is not agreeable, then discussion can continue to specify one option B variant in Rel-19.
Proposal 3:	Task WGs to update UE capabilities such that UEs supporting FG 6-1a with CSI-RS based operation need to report FG 2-24 capability with non-zero values for the component 2 for FR2 operation.
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