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Introduction
In RAN2#118-e, an LS from RAN2 was sent to RAN1 [1] about BWP operation without restriction. RAN1 discussed this in RAN1#109-e and has the following as notes:
	companies are encouraged to consider the issue of enabling SSB-based BM/RLM/BFD for BWP operation without restriction for potential response to RAN2 in RAN#110.


Further, at RAN#96 meeting, the following was reached:
	To task the relevant Working Groups (RAN 1, 2, 4) to make progress on their discussions related to the RAN 2 LS in R2 2204009, aim to ensure that Feature Group 6 1a “bwpWithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97.


On BWP operation without restriction
In Rel-15, the bandwidth part functionality was introduced. FG 6-1 specifies basic BWP operation with restriction, which requires bandwidth of a UE specific RRC configured BWP always includes bandwidth of CORESET#0 and SSB.  
In order to overcome the restriction in regard to the presence of SSB and CORESET#0 within the configured BWP to provide more flexibility and capacity of the system, FG 6-1a was introduced. It is an optional UE capability and allows bandwidth of a UE specific RRC configured BWP not to include bandwidth of CORESET#0 and SSB. For this scenario, how a UE may perform BM/RLM/BFD when the active BWP does not contain SSB was further discussed. 
In current specification, a UE is required to perform BM/RLM/BFD measurements only within the active BWP. In other words, if the active BWP doesn’t contain SSB nor CSI-RS, there is no requirement on whether/how the UE should perform BM/RLM/BFD within the active BWP and it is not mandated to configure corresponding configurations for the mentioned measurements. Although it can be foreseen that there could be performance impact on radio link quality depending on deployments, the scenario in Question 1 is not precluded by current specifications or existing UE implementations.
Given the willingness for networks to configure a BWP without SSB as specified in R15/R16 based on those who report support FG 6-1a today, if performing corresponding measurements is preferred, in our view, there are some possible schemes as following:
Scheme 1: relying on CSI-RS based BM/RLM/BFD
CSI-RS based BM/RLM/BFD has already been specified in Rel-15/16, therefore supporting CSI-RS based BM/RLM/BFD can solve this issue without additional specification modification. The only issue is CSI-RS based BM/RLM/BFD is mandatory with capability signalling, meaning that some vendors may not report support in the existing implementations. It is also noted that the number of CSI-RS does not increase across the carrier bandwidth/BWP size (both 20MHz and 100MHz BW UE can use the same CSI-RS), and it could also be used since IDLE/INACTIVE state for UE power saving purpose, as enabled in R17 UE power saving features.
Scheme 2: supporting NCD (non-cell defining)-SSB based BM/RLM/BFD
In Rel-17 RedCap WI, NCD-SSB has been introduced for RedCap UEs when the active BWP does not contain CD-SSB. Functionally, it could also be used by a UE to perform BM/RLM/BFD measurement. This could only be possible since R17 if it is extended to non-RedCap UEs. The potential issue is that it will cause more resource overhead/NW energy saving (compared with scheme 1), which increases as the number of NCD-SSBs increases. Besides, since it is newly introduced in R17, the other impact to practical deployments e.g. network planning, is unclear. However, this could be optionally considered from specification point of view.
Scheme 3: switching to SSB associated with initial DL BWP using measurement gap
In current specification, gap-based RRM measurement has been supported when the measured SSB(s) is (are) outside active BWP. This is implementation wise the same issue concerned for a UE configured with an active BWP without restriction, i.e. the same fundamental challenge for UE to support FG6-1a for the operation for L1 measurement. Therefore, naturally, using a gap to assist the UE for measurement is considered. There could be two approaches in detail for configuring a gap:
· The first approach is to reuse the existing gap-based L3 RRM measurement approach for UE to simultaneously perform L1 BM/RLM/BFD measurement by UE implementation. With the assistance of configured L3 measurement gap, a UE can retune to SSB associated with initial DL BWP to perform corresponding L1 measurement as well as L3 RRM measurements while does not introduce new gap and interruption in time, thus minimized performance impact on network side. 
· The second approach is to consider new measurement gap dedicated to L1 purpose. The second approach may cause additional interruption for data transmission, and the impact to network performance is unclear – this was already discussed in R17 during RedCap WI, without consensus. However, for non-RedCap UEs, the implementation could possibly be more advanced with limited interruption time, for example, similar to the small gap-based RRM as discussed and newly specified from R17 in RAN4, thus doable. 
In either case, some RAN4 expertise seems needed. Considering the R17 completion in RAN1 part and most specification work is at RAN4, an LS to RAN4 can be suggested and capability definition/introduction in RAN1 for the corresponding operation would be sufficient.
Scheme 4: switching to SSB associated with initial DL BWP without measurement gap
Considering the Rel-15 UEs have the capability of e.g.100 MHz bandwidth in FR1, a Rel-15 UE may turn on a larger RF bandwidth than bandwidth of the active BWP to cover SSB associated with initial DL BWP by itself, only when measurement is required inside the UE. This is not indicated/known to network and the interruption of data transmission can also be avoided. 
The potential issue for this scheme is the impact on UE power saving. From network side, if UE power saving is not concerned, it is already allowed for UE being configured with a large BWP containing SSB while resource are scheduled always on one side of the SSB. This does not require any additional specification effort and is already supported by gNB scheduling. On the other hand, if a larger RF is opened/assumed, there is no need for gNB to configure a smaller BWP outside SSB. Therefore, it is desirable to assume that a smaller RF range is maintained at UE side for a separate BWP outside SSB, which means further opening its RF to carrier BW level, or retuning, has to be associated with certain interruption time, similar to a measurement gap. 
In order to timely complete R17 at least from RAN1 part, one approach as previously suggested is to conclude the below need and send LS to RAN4, so that RAN4 can focus on the requirement aspect. The final feature could be possibly implementable from R17 even if the completion in RAN4 falls into R18 timeline, requiring later commercialized R17 UEs satisfying the requirement specified in R18.
Proposal: Gap-based measurement based on SSB outside active BWP is required for a UE supporting FG6-1a. RAN1 to conclude whether to define associated UE capability and send LS to RAN4 for finalization of requirement aspects.
Conclusions
Based on the analysis, we have the following proposal:
Proposal: Gap-based measurement based on SSB outside active BWP is required for a UE supporting FG6-1a. RAN1 to conclude whether to define associated UE capability and send LS to RAN4 for finalization of requirement aspects.
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