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1. Introduction
How to perform RLM/BM/BFD when active BWP does not contain SSB associated to the initial BWP has been extensively discussed in 3GPP for several meetings. In the last RAN4#104e, RAN4 reached the following agreements, captured in [1][2]:
	Issue 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
Agreement:
From RAN4 specification point of view, it is not a valid scenario

Issue 2: how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB associated to the initial DL BWP
Agreement:
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


Issue 3: in which release and how to introduce enhanced RRM requirements to support Feature Group 6-1a “bwp-WithoutRestriction”?
Agreement:
· Option 1: continue discussion in Rel-17 under TEI17
· Option 2: In Rel-18 under the umbrella WI “Rel-18 RRM enhancement”
· The support of Feature Group 6-1a “bwp-WithoutRestriction” in Rel-17 is left to implementation.
· Option 3: Feature Group 6-1a “bwp-WithoutRestriction” with mandatory supporting FG 1-7 and /or 2-31, and the corresponding requirements can already be supported from Rel-15.
· Option 3a: Feature Group 6-1a “bwp-WithoutRestriction” with mandatory supporting FG 1-7 and /or 2-31 and/or FG-24, and the corresponding requirements can already be supported from Rel-15.
· For FR2: the CSI-RS repetition is on (FFS).
· Option 4: Leave it to RAN decision.

Issue 4: scope of the RAN4 discussion
Agreement:
· Only consider non-RedCap UEs where RedCap UEs is out of scope.



Besides, the issue was also discussed in the last RAN#99e, with the following endorsement:
	conclusion: The following is endorsed:
- No new solution for FG 6-1a shall be added to Rel-17
- If CSI-RS based RLM/BM/BFD are supported by a UE, FG6-1a can work without any issue. FG1-7 (CSI-RS based RLM) and FG 2-24 (SSB/CSI-RS for beam measurement) are mandatory with capability signalling features.
- No change to TU allocation for current RAN4 work in Q4 2022. 
- RAN asks RAN4 to do a high level analysis of the options (copied below) in RAN4’s answer to Q2 in RP-221911 and report it to RAN#98 for RAN decision.
Options from RP-221911:
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
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.
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




As tasked by RANP, RAN4 needs to do a high level analysis on the options agreed in the RAN4’s WF/LS. In this contribution, we provide our view on that. 
2. Discussion
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
The first solution is to configure CSI-RS within the active BWP. As discussed and agreed in RAN4#104e, this solution is feasible and RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed. Therefore, we don’t see the need to further discuss it again.
[bookmark: _Ref115426474]Observation 1: option a (CSI-RS based approach) can address the issue. It has already been supported with corresponding RAN4 requirements in 3GPP.

b) Perform BM/RLM/BFD based on SSB outside active BWP
There are two approaches to perform BM/RLM/BFD based on SSB outside active BWP. One is gap-less and the other is gap-based approach. 
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
For gap-less approach, UE can use larger BW or even a spare RF chain to receive the SSB outside active BWP. Specifically, there could be several implementations to achieve this purpose, as we mentioned in [3] in the last RAN4#104e.
[image: ]
Figure 1 different implementations to perform BM/RLM/BFD based on SSB outside active BWP
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.
In type 2 implementation, the extra power consumption can be alleviated. UE can choose to adjust the actual BW before and after target RS for BM/RLM/BFD outside active BWP. 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.
In type 3 implementation, UE can 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: _Ref115426477]Observation 2: for option 2-1 (gap-less approach), there are several implementations to perform BM/RLM/BFD based on SSB outside active BWP. Some has benefit on system throughput, while some can reduce unnecessary power consumption.
Among the three implementations, we would like to point out that type 2 and 3 are more attractive since they are aligned with typical RRM assumption in requirements design. There are several similar examples in existing specification. The most similar one is the measurement on deactivated or dormant SCell. UE needs to perform RRM measurement on deactivated or dormant SCell. The measurement is performed periodically based on SMTC, measCycleSCell and other configurations. The key point is that UE is allowed to switch off the RF and baseband resource when it is not doing measurement. UE is only expected to switch on the RF and BB when SMTC comes. When switching on/off the RF, UE may cause interruption to other serving cells. Correspondingly, RAN4 defines interruption requirements for the procedure.
[bookmark: _Ref115426481]Observation 3: using smaller BW when UE does not need to receive SSB outside the active BWP can reduce power consumption significantly. It shall be considered as one of the possible implementations since it is in line with other existing procedure such as RRM measurement on deactivated or dormant SCell.

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.
For gap-based solution. Technically, it is feasible. However, 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 handle the relationship between gap for L1 and gap for L3. 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 option 2-2 is to be supported.   
[bookmark: _Ref115426484]Observation 4: using MG or NCSG to receive SSB outside the active BWP is feasible. However, further study is necessary in RAN4, e.g. on how to share gaps between L1 and L3, how to handle relationship between gaps for L1 and gaps for L3 if dedicated gap is configured for L1. 

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
The last option is to use NCD-SSB for BM/RLM/BFD. Even though existing RAN4 requirements for RLM/BM/RLM are transparent to CD-SSB or NCD-SSB, does it mean RAN4 does not need to change anything? We are not so sure about that. For instance, whether UE can be configured with RLM on both NCD-SSB and CD-SSB simultaneously? Is UE expected to change RLM-RS automatically when BWP switching happens?
Besides, since existing NCD-SSB related RAN4 requirements only apply to RedCap UE. Furthermore, once non-RedCap UE can receive NCD-SSB, NW may also configure UE to perform RRM measurement on it, which may have further RAN4 spec impact. For instance, the definition of intra-frequency measurement and inter-frequency measurement may need to be revisited, since UE can see multiple SSB in different frequency domain. 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: _Ref115426488]Observation 5: using NCD-SSB for BM/RLM/BFD may be feasible. However, a certain level of RAN4 study is still expected to support it. Besides, compared with CSI-RS approach, it is not that attractive since CSI-RS is more flexible. 

Based on above analysis and considering R17 core part design has been finalized, we don’t expect RAN4 spend too much time in R17 to further discuss this issue. It was also endorsed in RAN#99e that 
- No change to TU allocation for current RAN4 work in Q4 2022. 
On the other hand, there is already some existing solution to resolve this issue, i.e. 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. 
[bookmark: _Ref115426495]Proposal 1: RAN4 shall rely on CSI-RS based approach in R17.
For other solutions, we believe R18 is a better place, e.g. in R18 RRM enhancement.
[bookmark: _Ref110242693][bookmark: _Ref112964038]Proposal 2: 3GPP can consider studying the following solutions in R18 RRM enhancement.
1. 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. 
2. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD

3. Conclusion
In this contribution, we provide further discussion on how to perform RLM/BM/BFD when active BWP does not contain SSB associated to the initial BWP. After discussion the following conclusions are provided:
Observation 1: option a (CSI-RS based approach) can address the issue. It has already been supported with corresponding RAN4 requirements in 3GPP.
Observation 2: for option 2-1 (gap-less approach), there are several implementations to perform BM/RLM/BFD based on SSB outside active BWP. Some has benefit on system throughput, while some can reduce unnecessary power consumption.
Observation 3: using smaller BW when UE does not need to receive SSB outside the active BWP can reduce power consumption significantly. It shall be considered as one of the possible implementations since it is in line with other existing procedure such as RRM measurement on deactivated or dormant SCell.
Observation 4: using MG or NCSG to receive SSB outside the active BWP is feasible. However, further study is necessary in RAN4, e.g. on how to share gaps between L1 and L3, how to handle relationship between gaps for L1 and gaps for L3 if dedicated gap is configured for L1.
Observation 5: using NCD-SSB for BM/RLM/BFD may be feasible. However, a certain level of RAN4 study is still expected to support it. Besides, compared with CSI-RS approach, it is not that attractive since CSI-RS is more flexible.
Proposal 1: RAN4 shall rely on CSI-RS based approach in R17.
Proposal 2: 3GPP can consider studying the following solutions in R18 RRM enhancement.
1. 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. 
2. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
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