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1. Introduction
RAN4#104e-bis discussed the issue and agreed no need to discuss solution for RLM/BFD/BM when CD-SSB is outside active BWP for Rel-17 in RAN4. According to the approved WF [1], RAN4 will continue discussion on which new solution(s) are down-selected to be supported in Rel-18 
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option 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
In this contribution, we continue discussion on all the solutions on the table.
2. Discussion
Option 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 previous RAN4 meetings, 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. From mobility point of view, since the CSI-RS is within UE active BWP, it can be measured without gap. Thereby no negative impact on measurement on other carriers which require measurement gap. From throughput point of view, it is also better than other solution since CSI-RS is configured per UE and can be measured without gap. From power consumption point of view, we believe it is also the best among options since no additional RF chain or larger BW is needed.
[bookmark: _Ref115426474][bookmark: _Ref118130298]Observation 1: option A has already been supported. It has no impact on mobility performance and throughput. Besides, it also has minimum power consumption compared to other solutions.

Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
There are several issues need to be clarified/studied. On option B-1-1 and B-1-2, according to previous RAN4 discussion one of the major concerns is the UE power consumption. Using larger BW would result in extra power consumption. Besides, larger BW implies larger size of FFT, which will also increase power consumption. To save power, it is beneficial to only apply larger BW when necessary, i.e. when SSB comes. The price is interruption will be introduced due to BW adjustment, as it is captured in B-1-2. One another approach is to keep BW unchanged to cover target SSB outside active BWP, then dynamically change FFT size on SSB symbols. Depending on UE implementation, this may also result in some glitch on serving cell. But we expect the interruption length could be shorter than B-1-2. Therefore, we propose:
[bookmark: _Ref118130322]Proposal 1: For option B-1-1 and B-1-2, it should be clarified if wider BW (including both RF BW and FFT BW) only covers SSB symbols or other symbols.
[bookmark: _Ref118130327]Proposal 2: study whether it is beneficial to keep BW unchanged to cover target SSB outside BWP while dynamically change FFT size on SSB symbols, and the corresponding spec impact.
Regarding option B-1-3 and B-1-4, the most important thing is the assumption of availability of the ‘separate RF chain’. If the assumption is similar as that un NeedForGap and NCSG design, i.e. CA capable UE can support it when not all RF chains are being used according to the CA configuration, this option can be option B-2. Note that NCSG can support both with interruption (ncsg) and without interruption (nogap-noncsg). Otherwise, if the assumption of availability of ‘separate RF chain’ of NeedForGap and NCSG is not reused, RAN4 needs to study how NW can know the availability of ‘separate RF chain’, e.g. does UE need to reserve one RF chain per band for such operation? That seems to be quite overdemanding from UE complexity point of view.
[bookmark: _Ref118130331]Proposal 3: for option B-1-3 and B-1-4, RAN4 needs to further study the assumption of availability of ‘separate RF chain’, e.g. whether UE needs to reserve a separate RF chain on each band for this measurement? Is the availability of the RF chain subject to actual CA combination, similar with NeedForGap and NCSG?


Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
Option B-2-1 and B-2-2 both are technically feasible. For option B-2-1, there is some negative impact on inter-frequency mobility performance on other carriers, which can only be measured within MG or NCSG, since the total number of carriers to be measured within MG or NCSG will be increased. Another important thing is RAN4 needs to develop how to share the MG or NCSG between RLM/BFD/BM and L3 measurement. We expect similar mechanism of existing MeasGapSharingScheme can be a starting point. By adding this new dimension, RAN4 needs to discuss how to share MG among L1 operations, intra-frequency measurement and inter-frequency measurement.
On option B-2-2, we think RAN4 needs more time to study the necessity since it will be a new procedure and once the door is open there may be many solutions. For example, how the dedicated MG/NCSG is configured, triggered/activated. How many dedicated MG/NCSG can be configured, one gap for all L1 operations or one gap for each. How to handle gap collisions with other gaps for L3 measurement, and so on. It may also have impact on system throughput and mobility performance.
[bookmark: _Ref118130302]Observation 2: Option B-2-1 has negative impact on mobility performance since the MG or NCSG may need be shared among more carriers. Option B-2-2 may also have negative impact on mobility unless the dedicated MG/NCSG is always not overlapped or with higher priority than other gaps for L3 measurement.
[bookmark: _Ref118130337]Proposal 4: on option B-2-1, RAN4 needs to study how to share MG/NCSG for RLM/BFD/BM and L3 measurement, e.g. starting from similar methodology of existing MeasGapSharingScheme.
[bookmark: _Ref118130341]Proposal 5: RAN4 needs to further study the necessity of option B-2-2, since it may require significant standardization work. For example:
· how the dedicated MG/NCSG is configured, triggered/activated. How many dedicated MG/NCSG can be configured, one gap for all L1 operations or one gap for each. How to handle gap collisions with other gaps for L3 measurement, and so on. 

Option 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
Option C can also work technically. However, the there are some downsides. First, it has some negative impact on system throughput. NCD-SSB is also a cell specific reference signal, same as CD-SSB. The more network transmits NCD-SSB in frequency domain, the higher overhead occurs, which directly jeopardize system throughput. That’s one of the reasons why NR adopted SSB instead of CRS in LTE. Second, it only alleviates the issue but doesn’t resolve it completely, since network still needs to make sure that all candidate BWPs for the UE shall cover either NCD-SSB or CD-SSB. As it is unlikely for network to transmit many NCD-SSB in frequency domain, network may lose flexibility in candidate BWP configuration to some extent.
Nevertheless, network may still have to provide NCD-SSB for RedCap UE. There is no harm for legacy UE to utilize it when feasible.
[bookmark: _Ref118130311]Observation 3: configuring dedicated NCD-SSB for L1 operations will result in throughput degradation. Besides, it can only alleviate but not resolve the problem completely, since network has to make sure all candidate BWP can cover either NCD-SSB or CD-SSB. Nevertheless, network may still have to provide NCD-SSB for RedCap UE. There is no harm for legacy UE to utilize it when feasible.

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 has already been supported. It has no impact on mobility performance and throughput. Besides, it also has minimum power consumption compared to other solutions.
Proposal 1: For option B-1-1 and B-1-2, it should be clarified if wider BW (including both RF BW and FFT BW) only covers SSB symbols or other symbols.
Proposal 2: study whether it is beneficial to keep BW unchanged to cover target SSB outside BWP while dynamically change FFT size on SSB symbols, and the corresponding spec impact.
Proposal 3: for option B-1-3 and B-1-4, RAN4 needs to further study the assumption of availability of ‘separate RF chain’, e.g. whether UE needs to reserve a separate RF chain on each band for this measurement? Is the availability of the RF chain subject to actual CA combination, similar with NeedForGap and NCSG?
Observation 2: Option B-2-1 has negative impact on mobility performance since the MG or NCSG may need be shared among more carriers. Option B-2-2 may also have negative impact on mobility unless the dedicated MG/NCSG is always not overlapped or with higher priority than other gaps for L3 measurement.
Proposal 4: on option B-2-1, RAN4 needs to study how to share MG/NCSG for RLM/BFD/BM and L3 measurement, e.g. starting from similar methodology of existing MeasGapSharingScheme.
Proposal 5: RAN4 needs to further study the necessity of option B-2-2, since it may require significant standardization work. For example:
· how the dedicated MG/NCSG is configured, triggered/activated. How many dedicated MG/NCSG can be configured, one gap for all L1 operations or one gap for each. How to handle gap collisions with other gaps for L3 measurement, and so on. 
Observation 3: configuring dedicated NCD-SSB for L1 operations will result in throughput degradation. Besides, it can only alleviate but not resolve the problem completely, since network has to make sure all candidate BWP can cover either NCD-SSB or CD-SSB. Nevertheless, network may still have to provide NCD-SSB for RedCap UE. There is no harm for legacy UE to utilize it when feasible.

4. References
[1] R4-2217280, WF on RAN task on BWP operation without restriction, vivo
[2] R4-2214355, LS on Feature Group 6-1a “bwp-WithoutRestriction”, QC
[3] R4-2211905, On BWP operation without bandwidth restriction, Apple
