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1	Overall description
RAN4 has discussed the task from RANP in document RP-221911, and have reached the following agreements, views and summary:
· Agreements
· RAN4 works on the below aspects/criteria for highest-level analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
· Agreements
Options from RP-221911 are further split as below for high-level analysis.
· 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
High level analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP or when using CSI-RS and NCD-SSB within the active BWP are provided in Table 1, Table 2, Table 3, and Table 4:
[bookmark: _Ref47480075]Table 1: RRM requirements and workload impact for UE operating with BWP without restrictions
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· There is no need to change the existing timing requirements.
· The UE rely on the NW providing the timing adjustment (timing advance command) to the UE and currently there is no requirements on how the NW calculate/estimate such timing adjustment, which is based on UPLINK reference signals (such as SRS and DMRS)
· When the UE needs to measure the L3 measurements and switch with MG or NCSG to measure the CD-SSB then the UE can perform timing estimation on that SSB
	There is no impact on RAN4 RRM requirements.

	Option B-1-1)
	· Applicability of existing requirements for RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be defined.
· No interruption is allowed.
· There is a need to introduce a new feature group to allow larger RF BW while keeping the BB BW as the same size as FG 6-1a. Some workload is expected in other WGs.
· RAN4 needs to further investigate the feasibility of zero interruption time for enlarging BB BW.
	Some minor changes are expected to the RRM requirements, and some workload is expected for other WGs.

	Option B-1-2)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 
· Interruption requirements and measurements delay need to be developed additionally to allow UE for switching, or
· Interruption requirements of NCSG can be used as baseline.
· RLM/BFD/BM measurements delay need to be introduced, which could impact existing specs.
	Moderate changes are expected to the RRM requirements.

	Option B-1-3)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 
· There is a need to introduce a new feature group to allow additional RF chain to operate on the SSB BWP. Some workload is expected in other WGs.
· No interruption is allowed.
· UE May need to fallback to other scheme to measure outside its active BWP when there is no vacant/separate RF available under certain band combinations.
	Minor changes are expected to the RRM requirements.

	Option B-1-4)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 
· Interruption requirements and measurements delay need to be developed additionally to allow UE for switching, or
· Interruption requirements of NCSG can be used as baseline.
· RLM/BFD/BM measurements delay need to be introduced, which could impact existing specs.
· UE May need to fallback to other scheme to measure outside its active BWP when there is no vacant/separate RF available under certain band combinations.
	Some minor changes are expected to the RRM requirements and some workload is expected for other WGs.

	Option B-2-1)
	· New requirements should be developed for the gap sharing mechanism.
· Existing MG or NCSG requirements from L3 could be reused for gap-based RLM/BFD/BM with some changes
· Measurement delay requirements
· Interruption requirements of NCSG can be used as baseline.
· CSSF for measurements within gaps for MG
· Gap sharing mechanism for L1 measurements and L3 measurements.
	Moderate changes are expected to the RRM requirements. This can be seen as major workload.

	Option B-2-2)
	· New requirements should be developed for L1 measurements with dedicated measurement gaps.
· Existing MG or NCSG requirements from L3 could be reused for gap-based RLM/BFD/BM with some changes
· Measurement delay requirements
· Interruption requirements of NCSG can be used as baseline.
· CSSF for measurements within gaps for MG
· Gap collision handling from existing Rel-17 Concurrent-MG can be used as a baseline for collision requirements between L1 gap and L3 gap. 
	Moderate changes are expected to the RRM requirements. This can be seen as major workload.

	Option C)
	· BM/RLM/BFD measurement with NCD-SSB can work with existing RAN4 requirements. Also, RedCap 2Rx using NCD-SSB can be reused with no changes required. Thus, no new requirements are needed.
· Existing timing requirements can be reused with no modification.
	There is no impact on RAN4 RRM requirements. Only clarification sentence needed in the spec. 



[bookmark: _Ref118298372]Table 2: mobility performance impact for UE operating with BWP without restrictions
	Options
	Mobility performance impact

	
	Technical analysis
	Conclusion

	Option A)
	· Using CSI-RS for BM/RLM/BFD measurements has no additional delay compared to using CD-SSB
	No additional delay is expected compared to using CD-SSB within active BWP.

	Option B-1-1)
	· No additional delay is expected compared to using CD-SSB within the RF BW.
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance accuracy impact. 
· For example, to trigger RLF too early or too late.
· Mismatch numerology because CD-SSB is cell specific
	No additional delay is expected compared to using CD-SSB within the RF BW. Yet, performance accuracy could be impacted

	Option B-1-2)
	· Some additional delay is expected compared to using CD-SSB within the RF BW because interruption is expected, which could impact the mobility.
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance impact. 
· For example, to trigger RLF too early or too late.
	There could be mobility performance degradation

	Option B-1-3)
	· No additional delay is expected compared to using CD-SSB within the RF BW.
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance impact. 
· For example, to trigger RLF too early or too late.
	No additional delay is expected compared to using CD-SSB within active BWP.

	Option B-1-4)
	· Some additional delay is expected compared to using CD-SSB within the RF BW because interruption is expected, which could impact the mobility. 
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance impact. 
· For example, to trigger RLF too early or too late.
	There could be mobility performance degradation

	Option B-2-1)
	· BM/RLM/BFD measurement is performed within gap, and gap is shared with L3 measurements. There could be mobility performance degradation.
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance impact. 
· For example, to trigger RLF too early or too late.
	There could be mobility performance degradation

	Option B-2-2)
	· BM/RLM/BFD measurement is performed within gap, and gap could be collided with L3 measurements. There could be mobility performance degradation.
· Yet, because the CD-SSB could be far away from the active BWP, hence the measured SINR could not be reflect the exact performance. Therefore, there is a chance of mobility performance impact. 
· For example, to trigger RLF too early or too late.
	There could be mobility performance degradation

	Option C)
	· Using NCD-SSB for BM/RLM/BFD measurements has no additional delay compared to using CD-SSB
	No additional delay is expected compared to using CD-SSB within active BWP.




[bookmark: _Ref118298431]Table 3: Throughput impact (Data interruption) for UE operating with BWP without restrictions
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Conclusion

	Option A)
	· No gap nor interruption is needed for BM/RLM/BFD measurements, hence no impact on throughput from these serving cell measurements.
· Interruption (NCSG) or MG for L3 measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss

	Option B-1-1)
	· As no gap and no interruption is needed for BM/RLM/BFD and intra-frequency measurements, UE can always be scheduled if no other inter-frequency measurement with gap is configured.
· Interruption (NCSG) or MG for L3 inter-frequency measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss

	Option B-1-2)
	· As gap is not needed for intra-frequency measurement, UE can always be scheduled if no other inter-frequency measurement with gap is configured.
· Interruption (NCSG) for BM/RLM/BFD and intra-frequency is needed to be configured,
· UE can be scheduled within ML for NCSG gap.
· If NCSG is used, this could have minor impact on throughput.
· MG may be needed for L3 inter-frequency measurements and when MG is used then the throughput impact is slightly higher
	Minor throughput loss

	Option B-1-3)
	· As no gap and no interruption is needed for BM/RLM/BFD and intra-frequency measurements, UE can always be scheduled if no other inter-frequency measurement with gap is configured.
· Interruption (NCSG) or MG for L3 inter-frequency measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss

	Option B-1-4)
	· As gap is not needed for intra-frequency measurement, UE can always be scheduled if no other inter-frequency measurement with gap is configured.
· Interruption (NCSG) for BM/RLM/BFD and intra-frequency is needed to be configured,
· UE can be scheduled within ML for NCSG gap.
· If NCSG is used, this could have minor impact on throughput.
· MG may be needed for L3 inter-frequency measurements and when MG is used then the throughput impact is slightly higher
	Minor throughput loss

	Option B-2-1)
	· UE cannot be scheduled within gap.
· UE can be scheduled within ML for NCSG gap.
· Interruption (NCSG) or MG for L3 measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss with NCSG
Major throughput loss with MG

	Option B-2-2)
	· UE cannot be scheduled within gap for L1 and L3 measurements.
· UE can be scheduled within ML of NCSG gap for L1 measurements.
· Interruption (NCSG) or MG for L3 measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss with NCSG
Major throughput loss with MG

	Option C)
	· As no gap and no interruption is needed for BM/RLM/BFD and intra-frequency measurements, UE can always be scheduled if no other inter-frequency measurement with gap is configured.
· Interruption (NCSG) or MG for L3 inter-frequency measurement is needed to be configured,
· UE can be scheduled within ML for NCSG gap but not within the MG.
· If NCSG is used, this could have minor impact on throughput, otherwise, when MG is used then the throughput impact is slightly higher.
	Minor throughput loss



[bookmark: _Ref118298543]Table 4: Impact on UE power consumption / UE complexity for UE operating with BWP without restrictions
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Conclusion

	Option A)
	· Given that the reference signals are already in the active BWP (UE operates in active BWP), hence there is no need for the UE to perform measurement gaps or RF retuning or BWP switching.
· The power consumption is equivalent to that of measuring CD-SSB within the active BWP.
· Power saving can be up to 31.3% compared to using FG 6-1.
· No additional UE complexity is expected.
	No additional power consumption is expected.

	Option B-1-1)
	· UE works in larger BW than active BWP. 
· No RF retuning is needed.
· High power consumption is expected. The power consumption will be different depending on the frequency separation between the active BWP and the measured SSB.
· Power saving can be up to 2.6% compared to using FG 6-1.
· No additional UE complexity is expected.
	High power consumption is expected due to having the RF BW on all times.

	Option B-1-2)
	· UE works in larger BW than active BWP. 
· RF retuning is needed for UE to switch between larger BW and active BWP.
	Power consumption is considered medium with interruption.

	Option B-1-3)
	· UE needs to always turn on vacant/separate RF chain 
· High power consumption is expected. 
· UE complexity is expected to be high due to the spare RF chain. 
	High power consumption is expected due to having the RF chain on all times.

	Option B-1-4)
	· UE needs to periodically turn on vacant/separate RF chain.
· UE complexity is expected to be high due to the spare RF chain. 
	Power consumption is considered medium with interruption.

	Option B-2-1)
	· UE works in active BWP.
· RF retuning is also needed in measurement gap or interruption.
· The power consumption is considered to be low, which comes from the RF retuning only.
· No additional UE complexity is expected.
	Power consumption is considered medium for MG and low for NCSG.

	Option B-2-2)
	· UE works in active BWP.
· RF retuning is also needed in measurement gap or interruption.
· The power consumption is considered to be low, which comes from the RF retuning only.
· No additional UE complexity is expected.
	Power consumption is considered medium for MG and low for NCSG.

	Option C)
	· Given that the reference signal (i.e. NCD-SSB) is already in the active BWP (UE works in active BWP), hence there is no need for the UE to perform measurement gaps or RF retuning or BWP switching.
· The power consumption is equivalent to that of measuring CD-SSB within the active BWP.
· Power saving can be up to 31.3% compared to using FG 6-1.
· No additional UE complexity is expected.
	No additional power consumption is expected.



Note: it should be mentioned that out of these four criteria, the throughput impact criterion is not as important as the other three criteria, which are (i) RRM spec impact, (ii) power consumption, and (iii) mobility impact, in other words, the throughput is not the main KPI in this evaluation. This is because the discussion on this topic is about FG 6-1a (i.e. for a BWP with smaller BW) where the throughput is not considered the main focus for this feature.

Based on this analysis, RAN4 suggest ranking the methods under study from the best option to the worst option as:
1. Perform BM/RLM/BFD based on CSI-RS within active BWP.
2. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
3. Perform BM/RLM/BFD based on SSB outside active BWP:
a. Using Legacy rel-15/rel-16 MG.
b. Using NCSG.
c. Enlarge BW or using additional RF.
2	Actions
To RANP
ACTION: RAN4 kindly ask RAN to take the above into consideration.
3	Dates of next TSG RAN WG4 meetings
TSG-RAN WG4 Meeting #106	27th February– 03rd March 2023	Athens, Greece
TSG-RAN WG4 Meeting #106-bis-e	17th April– 21st April 2023	E-meeting
