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1. Introduction
In RANP#98e, the support of BWP-WithoutRestriction was widely discussed without clear conclusion. Later in RAN4#106 companies continued discussion on the issue with focus on option A. After discussion RAN4 eventually approved an LS [1] to RANP#99:
	RAN4 had extensive discussion on option A [1] for BWP_withoutRestriction in RAN4#106 and reached the following agreements:

If CSI-RS based RLM/BFD/BM requirements are complete for Option A
<Agreement>
· For the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), existing BM/RLM/BFD requirements defined in TS 38.133 is complete and no new or additional requirements are needed.

Whether timing requirements should be enhanced for the case when CD-SSB is outside active BWP
<Agreement>
· The existing UE transmission timing error requirements based on the SSB defined in clause 7.1 of TS 38.133 shall apply for the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), i.e., no additional timing requirements are needed.
· FFS if any clarifications on the existing requirements is needed, e.g., applicability of requirements, conditions of gap configuration etc.


In this contribution, we will continue discussion on the issue based on progress of previous RAN4 and RAN plenary meetings. 
2. Discussion
According to discussion in previous RAN4 and RAN plenary meetings, there are still several candidate options to support BM/RLM/BFD when UE active BWP does not contain SSB associated to the initial BWP:
· 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
Further discussions are provided option by option in this section.
Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
Option A is the only candidate option which was discussed in RAN4#106. It was mentioned in previous RAN4 and RAN plenary meeting that existing UE transmission timing error requirements may need to be revisited for option A. RAN4 eventually reached the following agreements: 
<Agreement>
For the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), existing BM/RLM/BFD requirements defined in TS 38.133 is complete and no new or additional requirements are needed. 
Besides, for UE transmission timing error requirements, RAN4 also confirmed that:
<Agreement>
The existing UE transmission timing error requirements based on the SSB defined in clause 7.1 of TS 38.133 shall apply for the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), i.e., no additional timing requirements are needed.
Even though it is FFS if any clarifications on the existing requirements is needed, e.g., applicability of requirements, conditions of gap configuration etc, we wouldn’t expect RAN4 spend a lot of effort to further study option A since this issue has been raised for several meetings and many companies in RAN4 don’t think existing transmission timing error requirements cannot work for option A. Therefore, RAN plenary shall conclude that option A is a feasible solution which has already been completely supported by RAN4 specification. To save RAN4 TU, RAN4 shall not further spend effort on solution A.
[bookmark: _Ref129628607]Observation 1: according to RAN4 LS (R4-2303314), it is clear that RAN4 requirements, including UE transmission timing error requirements, are complete for option A and no new or additional requirements are needed.
[bookmark: _Ref129628595]Proposal 1: RAN plenary shall conclude that option A is a feasible solution which has already been completely supported by RAN4 specification. 
[bookmark: _Ref129628597]Proposal 2: inform RAN4 that it is unnecessary to further discuss option A.

Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
There could be several types of implementations to support option B-1, i.e. no additional gap for BM/RLM/BFD, such as: 
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type-1 									 type-2 										type-3
In type-1 implementation, UE maintains a fixed bandwidth larger than that of the active BWP. We call it as actual BW in this contribution. The UE actual BW shall be large enough to cover both active BWP and the target RS for BM/RLM/BFD outside active BWP. Note that even though BW is fixed for type-1, UE active baseband resource (e.g. FFT size, buffer size and so on) may change from time to time, which may or may not cause interruption depending on UE implementation. Even for the UE which is capable of type-1 without interruption, scheduling restrictions still apply, e.g. when target RS has different SCS that of active BWP, or they are expected to be received with different Rx beams in FR2. Corresponding RRM requirements need to be defined to align understanding of scheduling between network and the UE. On the other hand, power consumption for option B-1-1 will be increased compared to legacy implementation (actual BW = active BWP). Note that the distance (in frequency domain) between active BWP and target RS for BM/RLM/BFD may change from time to time, e.g. due to active BWP switching. If UE wants to use a static BW and BB resource to cover all the candidate BWP, UE may need to maintain actual BW = CBW. Otherwise, UE needs to calculate and change actual BW every time active BWP switching happens, which results in extra UE complexity.
In type-2 implementation, UE can choose to adjust the actual BW before and after target RS for BM/RLM/BFD outside active BWP. Actually, this is a very typical assumption in RRM requirements design. For instance, when SCell is in deactivated mode, UE is allowed to switch off the corresponding RF chain to save power. When measuring the deactivated SCC, UE only needs to keep the RF chain active during the SMTC windows. Thus UE is allowed to cause interruption when measuring deactivated SCC. RAN4 defines corresponding interruption requirements in RRM specification. Besides, similar with type 1 UE, RAN4 also needs to discuss scheduling restrictions for type 2 UE.
In type-3 implementation, UE uses a separate RF chain to receive target RS for BM/RLM/BFD outside active BWP. The advantage of this implementation compared to type 1 and 2 is that the system may suffer less from scheduling restriction. Typically, separate RF chains come with separate FFT. It is easier to support different SCS scenario. Nevertheless, further study on scheduling is also necessary if RAN4 wants to support type 3 implementation. On one hand, that depends on progress of other R18 work items (such as multi-Rx reception in FR2). On the other hand, support of type 3 may be band combination dependent, unlike type 1 and 2 which can be supported via a static UE capability. For instance, if all RF chains are being used for CA/DC operation, UE may not support type 3 since no spare RF chain available for the same cell. Besides, discussion on potential interruption is also expected. UE can choose to keep the two RF chains running all the time to avoid interruption. But that comes at the price of extra UE power consumption (even severer than type 1 depending on detailed implementation). To save power, UE may choose to switch on the additional RF when target RS comes, which may result in interruption.
From RRM requirements perspective, different types of implementations can be categorized into two groups:
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.
The above analysis on each type of implementations can be summarised as in the following table (approved in RAN4#105 [2]):
Table 1: comparison between B-1-1 and B-1-2
	Aspect
	Technical analysis
	B-1-1
	B-1-2

	RRM requirements impact/workload in RAN4
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· The applicability rule of existing requirements is to be updated. 
· Depending on RF BW and BB BW (FFT BW) assumption, at least intra-frequency measurement with gap need to be revisited
	Low
	Low or medium

	UE power consumption / UE complexity
	· Depending on RF BW and BB BW (FFT BW) assumption, UE can consume much higher power than other options 
· If BB BW is assumed adapted to BWP BW, it should be FFS how interruption can be avoided and its impact on UE complexity
	Power consumption: High
Complexity: Low to medium
	Power consumption: medium
Complexity: Low to medium

	Mobility performance impact
	· No measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements without gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
· Can also help L3 intra-frequency measurement
	Low
	Low

	Throughput impact (Data interruption)
	· No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None
	Low to medium


As can be observed, each option (B-1-1/B-1-2) has its own pros and cons. B-1-1 seems to have better performance in terms of throughput. However, the gain is not that obvious considering scheduling restrictions still apply. But the power consumption would be increased significantly (20%~37% depending on UE implementations and scenarios) compared to option B-1-2.
[bookmark: _Ref129628610]Observation 2: overall performance of B-1-1 and B-1-2 are comparable. Option B-1-1 requires significant extra UE power consumption.
[bookmark: _Ref129628598]Proposal 3: if option B-1, UE’s capability not requiring additional measurement gap for BM/RLM/BFD, is to be supported, both B-1-1 and B-1-2 are in the scope:
· 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 is to perform BM/RLM/BFD on SSB outside BWP with shared MG or NCSG for L3 measurement, or dedicated MG or NCSG for RLM/BFD/BM measurements. In existing RAN4 RRM requirements design, MG and NCSG can only be used for L3 measurement. Using them for L1 operation such as BM/RLM/BFD requires comprehensive study. For example, if L1 and L3 share the same MGP, RAN4 needs to discuss how to share the gap. Besides, there is potential impact on existing gap sharing mechanism. If dedicated gap is used, RAN4 needs to study how to perform gap-based inter-frequency measurement. Does UE need to support concurrent gaps such that NW can configure another gap for L3 measurement? If so, whether all the existing concurrent gaps related RRM requirements can reused? Correspondingly, new RRM requirements need to be developed if solution 1-2 is to be supported. Summary of option B-2 can be found in the following table [2].
Table 2: option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· Existing requirements need to be updated for SSB based RLM/BFD/BM with dedicated NCSG.
· Existing requirements need to be updated for SSB based RLM/BFD/BM with dedicated MG.
	NCSG: Low or Medium
MG: Medium

	UE power consumption / UE complexity
	· UE works in active BWP.
	Power consumption: Low
Complexity: Medium

	Mobility performance impact
	· Measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements with gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
	Low

	Throughput impact (Data interruption)
	· NCSG or MG is needed for BM/RLM/BFD measurements
	NCSG: Low to Medium
MG: Medium


Considering the limited gain and RAN4 work load, option B-2-2 shall be considered low priority.
[bookmark: _Ref129628600]Proposal 4: option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements shall be considered low priority.

3. Conclusion
In this contribution, we further discuss how to support BWP without restriction. After discussion, the following conclusions are provided:
Observation 1: according to RAN4 LS (R4-2303314), it is clear that RAN4 requirements, including UE transmission timing error requirements, are complete for option A and no new or additional requirements are needed.
Proposal 1: RAN plenary shall conclude that option A is a feasible solution which has already been completely supported by RAN4 specification.
Proposal 2: inform RAN4 that it is unnecessary to further discuss option A.
Observation 2: overall performance of B-1-1 and B-1-2 are comparable. Option B-1-1 requires significant extra UE power consumption.
Proposal 3: if option B-1, UE’s capability not requiring additional measurement gap for BM/RLM/BFD, is to be supported, both B-1-1 and B-1-2 are in the scope:
· 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.
Proposal 4: option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements shall be considered low priority.
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