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1	Introduction
RAN4 received an LS from RAN2 related to BWP operation without bandwidth restriction which contains following questions for RAN4 [1]:
Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.


The questions raised in this LS were discussed at last RAN4 meeting and a response LS was sent to RAN with following agreements [2]:
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Answer:
From the existing RAN4 specification point of view, it is not a valid scenario.

Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.
Answer:
RAN4 has examined the Rel-15, Rel-16 and Rel-17 specs. The following possible solutions for the issue are identified.
· Perform BM/RLM/BFD based on CSI-RS within active BWP 
· RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed
· Following potential independent implementations/features requires either existing RAN4 requirements to be updated or new requirements to be developed.
· Perform BM/RLM/BFD based on SSB outside active BWP
· UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
· BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or dedicated MG or NCSG for RLM/BFD/BM measurements. 
· NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
· Note: RAN4 does not reach consensus on whether to work on the above items in Rel-17 including to update the existing RAN4 requirements or to develop new requirements




RAN4 responses were further discussed at RAN#97e, and based on the discussions RAN4 has been further tasked to do high-level analysis of the options listed in [2] and report it to RAN#98 for RAN decision. In this contribution, we discuss and provide our view on the options. 
[bookmark: _Ref178064866]2	Discussion
Background
It is a common understanding in RAN4 that RAN4 BM/RLM/BFD requirements are defined for the case when the target RS to perform the BM/RLM/BFD is contained within the UE active BWP. When UE supports ‘bwp-WithoutRestriction’, it means the UE has the capability to operate the BWP without bandwidth restriction. More specifically, the DL BWP may not contain CORESET #0 and SSB. 
	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.



Solutions
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
For this option, we do not see any RAN4 specification impact and thus no further work is needed from a RAN4 perspective as BM/RLM/BFD based on CSI-RS is already supported in TS 38.133. In addition, we are open to consider new options (solutions) to support active BWP operation without SSB provided that it does not have significant RAN4, especially given that there is no TUs allocated for current RAN4 work in Q4. 

Observation 1	The solution of performing BM/RLM/BFD based on CSI-RS within active BWP does not have RAN4 specification impact. 

b) Perform BM/RLM/BFD based on SSB outside active BWP
i)  UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
ii)  BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or dedicated MG or NCSG for RLM/BFD/BM measurements.
We support the solution based on utilizing the larger BW covering SSBs outside the active BWP or a UE that is equipped with a separate RF chain. Our view is that this solution is feasible while having little RAN4 impact compared to other solutions (e.g. solution C). However, this solution may not be supported by all UEs and therefore capability dependent. For example, UEs which support ‘bwp-WithoutRestriction’ and are capable of operating using larger BW can still receive CORSET#0 and SSBs outside its active BWP. This way the UE can operate the BM/RLM/BFD procedures even if there is no SSBs within the active BWP. From our understanding, this solution may cause interruptions to the NW since the UE adapts its receiver BW to be able to receive RSs outside its active BWP. Otherwise, in order to avoid interruption such UE needs to keep its receiver BW configured to receiver outside the active BWP, but this leads to unnecessary power consumption in the UE which makes it a less attractive solution.
For the other solution assuming the UE is equipped with a separate RF chain, also this solution may result in interruptions because the UE needs to turn ON/OFF the spare RF chain. Otherwise, if the basic assumption is that such UE always keeps the separate RF chain ON may result in excessive power consumption.
Regarding the option based on gaps (existing gaps or new gaps), our understanding is that this solution (ii)) has much more RAN4 impact than other solutions discussed above. More specifically, the gaps listed in ii) are mainly used for L3 measurements while BM/RLM/BFD procedures are L1 procedures and thus require L1 gaps. Therefore ii) would require more detailed discussions on applicability of such gaps for L1 procedures and new requirements are needed which would require new RAN4 TUs. As an example, for NCSG the UE may operate without gap with no interruption, without gap but with interruption and with gap etc. It is not entirely clear whether all these elements would be necessary for L1 procedures. Another issue is whether interruptions would be needed if new gaps are configured. If that is the case, we believe RAN4 can wait until the related Rel-18 discussions on enhanced MGs is settled and consider those in future releases. But for the solution to consider in this solution, our view is that the solution i) is simpler and has less specification and RAN4 impact than others.
Observation 2	There are currently no requirements for operating BM/RLM/BFD based on gaps. 
Observation 3	For the solution based on shared MG, NCSG for L3 measurement or dedicated MG or NCSG, RAN4 work requires significant work compared to other solutions listed above.    

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
For the solution following NCD-SSB approach, our understanding is that also this option would require considerable RAN4 discussions and new requirements are needed. It is noteworthy that currently there are no requirements for performing BM/RLM/BFD based on NCD-SSB. RLM/BFD based on NCD-SSB was briefly discussed under Rel-17 RedCap WI but no conclusions were reached. Hence, considering the workload the NCD-SSB based solution would require, our view is that RAN4 shall prioritize the solution which has least specification impact and that would require less TU.
Observation 3	There are currently no requirements for performing BM/RLM/BFD based on NCD-SSB.  
[bookmark: _Hlk61857909]Conclusion
In this contribution, we have discussed the solutions listed in RAN4 LS for BWP operation without bandwidth restriction [1]. Based on the discussions above, we make following proposals:
From RAN4 perspective the solution based on UE’s capability to operate using larger BW covering SSBs outside BWP and UE that is equipped with separate RF chain has least impact compared to the other listed solutions in R4-2214355. 
RAN4 work needed for the solution based on UE’s capability to operate using larger BW covering SSBs outside BWP and UE that is equipped with separate RF chain includes defining interruption requirements.
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1. Overall Description:
RAN4 has further done high-level analysis of the options listed in RAN4 reply LS in RP-221911. Based on the analysis, from RAN4 perspective the solution based on UE’s capability to operate using larger BW covering SSBs outside BWP and UE that is equipped with separate RF chain has least impact compared to the other listed solutions in R4-2214355. 


2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN to take the above information into consideration in future work.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #105	           	 	      	14 Nov – 18 Nov 2022, France
TSG-RAN4 Meeting #106	           	 	      	27 Feb – 3 Mar 2023, Greece
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