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Introduction
RAN4 received LS from RAN2#117-e [1] regarding the BWP operation without bandwidth restriction, and is asked to answer the following questions.
	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.


In this paper we will provide our views on the BWP operation without BW restriction, and our suggestion for the reply LS. 
Discussion
The concerned scenario in [1] is described in the LS.
	NOTE: This LS is for pre-Release-17 behaviour, and RedCap is out of the scope.
For BM/RLM/BFD operation on DL BWPs NOT containing the SSB associated to the initial DL BWP, the following text in TS38.300 suggests that CSI-RS based measurements are used.
	[bookmark: _Toc20387981][bookmark: _Toc29376061][bookmark: _Toc37231952][bookmark: _Toc46502007][bookmark: _Toc51971355][bookmark: _Toc52551338][bookmark: _Toc90589865]9.2.3.1	Overview
[…] SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS.
[bookmark: _Toc20387990][bookmark: _Toc29376070][bookmark: _Toc37231964][bookmark: _Toc46502021][bookmark: _Toc51971369][bookmark: _Toc52551352][bookmark: _Toc90589879]9.2.7	Radio Link Failure
[…] SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS.
[bookmark: _Toc37231965][bookmark: _Toc46502022][bookmark: _Toc51971370][bookmark: _Toc52551353][bookmark: _Toc90589880]9.2.8	Beam failure detection and recovery
[…] SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.


On the other hand, the current UE capability signalling allows the UE to indicate:
· it supports BWP operation without bandwidth restriction, i.e. configured DL BWP does not contain SSB associated to the initial DL BWP; and
· it does not support CSI-RS based RLM/BFD.
(The corresponding feature group definitions inTR38.822 can be found in Annex.)
This indicates that the network may configure a DL BWP which does not contain SSB associated to the initial DL BWP, while not configuring CSI-RS for BM/RLM/BFD. For this scenario, RAN2 come to the following questions.


In our view, L1 measurement is important for UE mobility and data throughput. If UE does not perform RLM or BFD, it may not be able to trigger re-establishment or beam failure recovery, and has to stay in the current cell or beam with poor radio quality. This may results at wasted UE power, increased interference to other UEs, and very low throughput, which means bad user experience. L1-RSRP is also important part for NR beam management, and without it NW would not be able to figure out the best Tx beam and UE could not figure out the best Rx beam for the data communication. 
Therefore, we think the scenario in cyan is an invalid scenario, and we suggest to answer this to Q1.
Proposal 1: Answer to Q1 that the concerned scenario is invalid.
The next question is how UE could perform L1 measurement.
· Option 0: NW configures the UE to BWP containing SSB associated to the initial DL BWP 
· In our view, this is the most straightforward way to enable such UE to perform L1 measurement. Since the UE does not support CSI-RS based L1 measurement, even it indicates support of BWP operation without bandwidth restriction, the safest way for the NW is to configure such UE to a BWP containing SSB associated to the initial DL BWP. 
· However, we understand that this may not address the question from RAN2 and would limit the NW flexibility. Since UE indicates support of BWP operation without bandwidth restriction, NW should be allowed to configure it to a BWP without SSB associated to the initial DL BWP.
· Option 1: UE re-tunes RF to cover the SSB associated to the initial DL BWP
· UE may re-tune RF to cover the SSB associated to the initial DL BWP when it needs to perform L1 measurement. Since both the active BWP and the SSB are within CBW, UE should be able to re-tune its RF to cover the SSB associated to the initial DL BWP. This can be done by enlarging the RF BW or by switching to the SSB frequency when needed.
· The drawback of this option is that the RF re-tuning may cause interruption to the data in same or different serving cells. Since L1 measurement can be quite frequent, this interruption may cause big system impact. Also, RAN4 has not defined requirements for such behavior in Rel-15/16.
· Option 2: UE keeps large RF BW to cover the SSB associated to the initial DL BWP
· In this option, UE keeps RF BW large to cover the SSB associated to the initial DL BWP. The difference compared to option 2 is that in option 2 UE re-tunes RF to cover SSB only when needed, while in option 3 it always keeps RF BW large to cover the SSB.
· There would be no interruption due to RF re-tuning with this option 3. However, the drawback is that it causes large power consumption at the UE, which is one of fundamental motivation for BWP. Also, RAN4 has not defined requirements for such behavior in Rel-15/16.
Based on above discussion, both option 1 and 2 can enable UE to perform L1 measurement in the concerned scenario, but each of them has its drawbacks. In our view, to keep flexibility of NW and UE implementation, it is better to leave it to UE implementation. From RAN4 perspective, no requirement has been defined for UE performing L1 measurement in the concerned scenario.
Proposal 2: Answer to Q2 that from RAN4 perspective, no requirement has been defined for UE performing L1 measurement in the concerned scenario, and how UE to perform L1 measurement is left to UE implementation. 
Conclusions
In this paper we provided our views on the BWP operation without BW restriction, and our suggestion for the reply LS.
Proposal 1: Answer to Q1 that the concerned scenario is invalid.
Proposal 2: Answer to Q2 that from RAN4 perspective, no requirement has been defined for UE performing L1 measurement in the concerned scenario, and how UE to perform L1 measurement is left to UE implementation.
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1. Overall Description:
RAN4 thanks RAN2 for the information in LS R2-2204009, and would like to provide the following answers to the questions.

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.
[RAN4] From RAN4 perspective the scenario is invalid since performing BM/RLM/BFD is important for user experience. 

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.
[RAN4] From RAN4 perspective, no requirement has been defined for UE performing BM/RLM/BFD in the scenario where the active BWP does not contain SSB. How UE performs BM/RLM/BFD is left to UE implementation.

RAN4 respectfully asks RAN2 and RAN1 to take the above information into account in the future work. 

2. Actions:
To RAN1/2:
RAN4 respectfully asks RAN2 and RAN1 to take the above information into account in the future work. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #104-e		Aug. 22 – Aug. 26, 2022		Toulouse, France
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