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1. Introduction
In 2022 Q1 RAN2 sent an LS [1] to RAN4 asking feasibility of BWP operation without bandwidth restriction:
	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.
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 RAN4#103e, the issue was extensively discussed with the following agreement reached [2].
	Answer to Q2 in R2-2204009: 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?
Agreement:
· RAN4 is to inform RAN2 that RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP
· FFS whether it would be feasible for the UE to perform BM/RLM/BFD on RSs configured outside the active BWP 
· Companies should provide analysis on the feasibility of performing BM/RLM/BFD on RSs that are not contained within the active BWP
· RAN4 feasibility study focused on the response to RAN2 LS without any update on RAN4 specifications



Besides, the issue was also discussed in RANP#96e. after discussion an LS [3] was approved to RAN4:
	1. 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 “bwp-WithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97. 



In this contribution, we continue discussing the issue as tasked by RAN plenary. After discussion some proposals are provided.
2. Discussion
Even though the answer to Q1 was not explicitly captured in the WF [2], it is RAN4 common understanding that it is not a valid scenario from RAN4 requirements perspective 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. 
[bookmark: _Ref110242666]Observation 1: it is RAN4 common understanding that it is not a valid scenario 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.
Existing RAN4 requirements assume UE only needs to receive signal within active BWP. However, if we aim to support BM/RLM/BFD outside active BWP in R18, we can have some analysis on possible implementations.
1) Type 1
[image: Graphical user interface, text, application, chat or text message
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In type 1 implementation, UE maintains a 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. For type 1 implementation, since target RS can be covered by actual BW, UE can receive both active BWP and target RS without any RF tuning/retuning, i.e. without any interruption. Even though there is no interruption when UE needs to measure target RS, 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.
However, power consumption will be increased compared to legacy implementation (actual BW = active BWP) in RAN4 assumption. 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 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.
[image: ]
[bookmark: _Ref110242669]Observation 2: there is extra power consumption for type 1 UE.  
[bookmark: _Ref110242672]Observation 3: discussion on scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 1 implementation.

2) Type 2
[image: A picture containing text, sign

Description automatically generated]
To avoid extra power consumption as elaborated in type 1 implementation, UE can choose to adjust the actual BW before and after target RS for BM/RLM/BFD outside active BWP. We call it as type 2 UE in this contribution. Similar with type 1 UE, RAN4 also needs to discuss scheduling restrictions for type 2 UE. Besides, the adjustment of actual BW before and after target RS causes interruption. 
[bookmark: _Ref110242673]Observation 4: extra power consumption for type 2 UE is limited compared to type 1 UE.
[bookmark: _Ref110242675]Observation 5: discussion on interruption and scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 2 implementation.

3) Type 3
[image: Graphical user interface, application
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Another possible implementation is to use 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. Even in FR2, as being discussed in other R18 work items (e.g. multi-Rx chain DL reception, FeMIMO and etc), it is possible in R18 that UE can perform simultaneous reception on both active BWP and target RS outside active BWP, even if they are expected to be received with different Rx beams. 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. 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.
[bookmark: _Ref110242677]Observation 6: type 3 may benefit system throughput, depending on progress of other ongoing R18 work items.
[bookmark: _Ref110242680]Observation 7: further study is necessary on interruption and scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 3 implementation.

Besides above analysis, another point may need to be discussed is the case that target RS is outside UE CBW. Note that the UE CBW is different from whole bandwidth on the same band from network perspective. The later one can be much larger than UE CBW. For instance, network has 200MHz while UE CBW is indicated as 40MHz.
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When discussing BM/RLM/BFD outside active BWP, it is unclear to us whether people assume target RS is within UE CBW, since it hasn’t been discussed yet. Technically speaking, all the three types of implementations can support RS outside UE CBW. For instance, the type 1 or 2 UE is an intra-band contiguous CA capable UE. It can support larger bandwidth. As long as the RS can be covered the supported maximum bandwidth, UE can perform BM/RLM/BFD on it. A type 3 UE can support it easier than type 1 and 2. 
However, additional complexity can be foreseen to support this scenario. The maximum supported frequency separation is different for different UE. Furthermore, the supported maximum frequency separation may even be band or band combination dependent, since the support of CA is band combination dependent.
[bookmark: _Ref110242682]Observation 8: it is more challenging to support RS outside UE CBW than RS outside active BWP but within CBW.

Based on all above observations, we conclude that further RAN4 discussion and new RRM core requirements are necessary to support BM/RLM/BFD outside UE active BWP. Considering R17 core part design has been finalized, we don’t expect RAN4 spend too much time in R17 to further discuss this issue. On the other hand, there is already some existing solution to resolve this issue, e.g. CSI-RS based BM/RLM/BFD. When NW switches UE to the BWP which does not contain initial SSB, NW can configure CSI-RS on it to let UE perform BM/RLM/BFD. Given that, from standardization work point of view, it is easier to go with existing R15 feature than developing new features in R17/R18 to achieve same purpose, i.e. let UE perform BM/RLM/BFD on the BWP which does not contain initial SSB. Another note is that CSI-RS based RLM is a mandatory feature since R15. 
[bookmark: _Ref110242685]Observation 9: current 3GPP design can already support BM/RLM/BFD on the BWP which does not contain initial SSB, i.e. via CSI-RS based BM/RLM/BFD. CSI-RS based RLM is even a mandatory feature since R15.

Another approach is to let regular UE support NCD-SSB. However, that also needs further discussion since existing NCD-SSB related RAN4 requirements only apply to RedCap UE. On the other hand, from network signalling overhead perspective, configuring CSI-RS should also be more attractive than SSB. CSI-RS is per-UE configured and can be configured more flexibly in frequency and time domain. 
[bookmark: _Ref110242688]Observation 10: using NCD-SSB can also allow BM/RLM/BFD on the BWP which does not contain initial SSB. However, RAN4 standardization work is still needed since existing NCD-SSB related RAN4 requirements only apply to RedCap UE. Besides, it comes at the price of network signaling overhead compared to existing CSI-RS based approach.

If RAN4 really wants to develop requirements to support BM/RLM/BFD outside active BWP or NCD-SSB, we believe R18 is a best place, e.g. in R18 RRM enhancement.
[bookmark: _Ref110242693]Proposal 1: RAN4 shall not further discuss BWP operation without bandwidth restriction issue in R17.
[bookmark: _Ref110242695]Proposal 2: if necessary, study feasibility of supporting BM/RLM/BFD outside active BWP and NCD-SSB based BM/RLM/BFD in R18 RRM enhancement scope.

3. Conclusion
In this contribution, we further discuss the issue of BWP operation without bandwidth restriction. After discussion the following conclusions are provided:
Observation 1: it is RAN4 common understanding that it is not a valid scenario 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.
Observation 2: there is extra power consumption for type 1 UE.
Observation 3: discussion on scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 1 implementation.
Observation 4: extra power consumption for type 2 UE is limited compared to type 1 UE.
Observation 5: discussion on interruption and scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 2 implementation.
Observation 6: type 3 may benefit system throughput, depending on progress of other ongoing R18 work items.
Observation 7: further study is necessary on interruption and scheduling restriction for UE performing BM/RLM/BFD on RS outside active BWP is needed if RAN4 is to support type 3 implementation.
Observation 8: it is more challenging to support RS outside UE CBW than RS outside active BWP but within CBW.
Observation 9: current 3GPP design can already support BM/RLM/BFD on the BWP which does not contain initial SSB, i.e. via CSI-RS based BM/RLM/BFD. CSI-RS based RLM is even a mandatory feature since R15.
Observation 10: using NCD-SSB can also allow BM/RLM/BFD on the BWP which does not contain initial SSB. However, RAN4 standardization work is still needed since existing NCD-SSB related RAN4 requirements only apply to RedCap UE. Besides, it comes at the price of network signaling overhead compared to existing CSI-RS based approach.
Proposal 1: RAN4 shall not further discuss BWP operation without bandwidth restriction issue in R17.
Proposal 2: if necessary, study feasibility of supporting BM/RLM/BFD outside active BWP and NCD-SSB based BM/RLM/BFD in R18 RRM enhancement scope.
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