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Introduction
RAN tasked RAN4 to analyse certain options related BWPwithoutrestrictions. RAN4 has discussed the issue in the last couple of meeting and in last meeting agreed on a template for providing analysis. 
The Moderator has been so kind to provide a good template table for filling in views from companies which has been used in this paper to give our views on the different aspects.
In the analysis we have given our view and argumentations for the summary impact conclusion as we see it for each of the Options A-C for each of the aspects:
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
Our input also adds aspects from network point of view.
Discussion
In the table the Nokia comments are highlighted (yellow).
	
	
	Option A)
	Option B-1)
	Option B-2)
	Option C)

	RRM requirements impact
/
Workload in RAN4
	Technical analysis
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Timing requirements based on SSB outside active BWP need further discussion.
· Specify new conditions, or
· Specify new timing requirements based on other reference signals

1. Performing BM/RLM/BFD based on CSI-RS within active BWP is already defined in the RAN4 specification and hence this option will not require work.
2. If the SSB is not within the active BWP this can be handled by using intra-frequency gaps for UEs which indicates that they need gaps for performing intra-f measurements. Gap assisted Intra-f gaps and need for these is already defined and supported in the RAN4 specification. I.e. RRM measurements should be fully covered. Hence, no additional work needed.
3. Our understanding is that time tracking can be done based on TRS and having CD-SSB within the active BWP is not a mandatory deployment requirement.
	For Option B-1) series
· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified. 
Our understanding is that RAN4 requirements all limit UE measurements including BM/RLM/BFD to be performed only within the active BWP. Hence, defining SSB-based BM/RLM/BFD requirements when SSB is not within the active BWP will need additional RAN4 requirements work.  
Additionally:
For Option B-1-1)
· No interruption is allowed.
For Option B-1-2)
· Interruption requirements need to be developed additionally to allow UE for switching.
For Option B-1-3)
· No interruption is allowed.
For Option B-1-4)
· Interruption requirements need to be developed to allow UE for turning on/off vacant/separate RF chains
Note: For Option B-1-3) and Option B-1-4), UE May need to fallback to larger BW when there is no vacant/separate RF available under certain band combinations
In our view the actual work is related to defining that BM/RLM/BFD can also be performed on SSB outside the active BWP. Whether UE needs gaps for this or not is closely related to the discussion related to UE being able to perform intra-frequency measurements with or without gaps when the CD-SSB is not within the active BWP. However, if the UE does not need gaps for this the possible network impact comes from interruptions. However, our view is that if UE indicates no gaps are needed then no interrupts are allowed. Otherwise, the UE shall indicate that it needs gaps.
	New requirements should be developed for the gap sharing mechanism.
· Requirements for gap-based RLM
· Requirements for gap-based BFD
· Requirements for gap-based BM
· CCSF for measurements within gaps
Additionally:
For Option B-2-1)
· Gap sharing mechanism for L1 measurements and L3 measurements.
For Option B-2-2)
· Gap collision handling between L1 gap and L3 gap
In general, we see either of the 2 options requiring a large amount of RAN4 work. For both options RAN4 would need to discuss and decide on the how to share the gaps allocated for intra-frequency measurements or how to split the available gaps. We expect such discussion will not be simple. Additionally, RAN would then also need to define and agree on the rules.
	· Applicability of existing requirements based on CD-SSB (SSB in existing requirements), i.e., existing SSB based RLM/BFD/BM requirements and timing requirements is applicable to NCD-SSB
The basic assumptions behind the use of NCD-SSB are not clear. Initially, it must be assumed that support of NCD-SBB shall be mandatory to support for all UE from Rel-18? Otherwise it will be impossible to rely on a solution based on NCD-SSB. Secondly, it is not clear whether it is assumed that UE can be allocated with more than one SSB within the active BWP and how the existing UE requirements should be applied?
Based on having such very high level questions open we find it near impossible to predict how big impact introduction of NCD-SSB solution will have. But RAN4 can start with discussing whether all can agree on NCD-SSB support shall be mandatory to support for all UE from Rel-18? 

	
	Summary
	Low to Medium
Nokia: No impact
	For Option B-1-1) and Option B-1-3): Low
Nokia: Low
For Option B-1-2) and Option B-1-4): Medium to High
Nokia: None. We assume that UE in this case shall indicate that it needs gaps (Option B-2).
	High
Nokia: high
	Low
Nokia: Impossible to answer (but at least High)

	Mobility performance impact
	Technical analysis
	· Intra-frequency RRM measurement is performed within gap
Note: L3 Intra-frequency measurement is based on CD-SSB outside active BWP.
If the CD-SSB is not within the active BWP, the UE would need to perform RRM measurements for mobility either using gaps (intra-frequency gaps) or being capable of performing SSB-based RRM measurement outside the active BWP without gap assistance. This would in our understanding already be an option which the UE could indicate. Section 9.1.2 states ‘If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells’. There may be an impact from UE performing intra-frequency measurements within gaps and outside gaps.

	· Intra-frequency measurement is performed without gap
We assume this scenario will be similar to the scenario when the SSB is within the active BWP – from network point of view. We assume only non-interruption solution as if solution allows for interruptions the side effects would be large and UE should request gaps (Option B-2).
	Option B-2-1)
· Intra-frequency measurement is performed within gap
· gap is shared between L3 measurements and L1 RLM/BFD/BM measurements. 
In this case the UE will have to use some of the gaps for other purposes than performing L3 mobility measurements. Hence, unless the network allocates more gaps (with the drawback of allocating more gaps) there will be impact on mobility in term of longer latencies would be expected (due to less gaps for mobility measurements)
Option B-2-2)
· Intra-frequency measurement is performed within gap
· gap could be collided with L1 gap for RLM/BFD/BM measurements and may be dropped. 
For the case when dedicated gaps are allocated this could impact mobility in a similar manner as for when the gaps are shared. It depends a bit on how to understand ‘dedicated gaps’. either network allocates additional dedicated gaps for BM/RLM/BFD (with the negative impact on TP) or the network allocates dedicated gaps for BM/RLM/BFD out of the gaps otherwise to be used for mobility – which then has negative impact on mobility
	· Intra-frequency measurement is performed without gap
Intra-frequency RRM measurements for mobility and BM/RLM/NFD could be performed without gaps. However, this assumes that the NCD-SSB is broadcasted in all cells on the carrier.
However, it is not clear how the intra-frequency requirements would be defined if more than on SSB is in the UEs active BWP.

	
	Summary*
	Minor
Nokia: Low impact
	None
Nokia: None. But assuming only Option B-1-1 and B-1-3 while Options B-1-2 and B-1-4 would require gaps and fall into Option B-2.
	For Option B-2-1): Medium
Nokia: High
For Option B-2-2): Medium
Nokia: High

	None
Nokia: Medium

	Throughput impact
/
Data interruption
	Technical analysis
	· As measurement gap for intra-frequency measurement needs to be configured, UE cannot be scheduled during measurement gap.
Depending on the UE capability the impact may be either non-existing (if the UE can perform non gap assisted intra-frequency SSB-based RRM measurements when active BWP does not include CD-SSB). For a UE which needs gaps for performing the intra-frequency RRM measurements when the SSB is outside any configured BWP, the impact on data transmission may be considerable.

	· As gap is not needed for intra-frequency measurement, UE can always be scheduled 
Additionally,
For Option B-1-2) and Option B-1-4)
· Interruptions would cause throughput loss.
For options B-1-1 and B-1-3 the solution is agnostic to the network and the scheduler. Hence, we see that there is no negative impact on the TP.
For options B1-2 and B-1-4 we see that there can be an unpredictable impact from the interruptions due to UE performing BM/RLM/BFD. It is somehow predictable when possible interrupts may happen however whether those actually happen or not will be up to UE implementation. Hence, impact can be significant and can have negative side effect on the network scheduler and overall system TP. 
	Option B-2-1)
· UE cannot be scheduled within gap.
· UE can be scheduled within ML for NCSG gap.
Similar argument as for mobility
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.
Similar argument as for mobility

	· UE can always be scheduled.
UE scheduling will not be impacted by having gaps assigned for intra-frequency measurements. However, it will not be possible to schedule the UE where the SSB is broadcasted. Hence, there will be UE and system level impact from network having to at least duplicate the SSB broadcasting. And the duplication of SSB would be in all cells of the carrier. We also expect that such duplication would be need to be permanent if the network use BWPs without CD-SSB.

	
	Summary**
	Medium
Nokia: High
	Option B-1-1) and Option B-1-3): None
Nokia: none
Option B-1-2) and Option B-1-4): Low to Medium
Nokia: potential high system impact
	Option B-2-1): Medium
Nokia: High
Option B-2-2): High
Nokia: High

	None
Nokia: impact. How big depends on multiple factors.

	
	
	None
Nokia: could be low
	Option B-1-1) and Option B-1-3): None
Nokia: none
Option B-1-2) and Option B-1-4): Low to Medium
Nokia: unpredictable and potentially big. It is not clear if interrupt and measurement gap can happen and what would be the effect. 
	Option B-2-1): None
Nokia: High
Option B-2-2): Medium
Nokia: High

	None
Nokia: impact. How big depends on multiple factors.

	UE power consumption
/
UE complexity
	Technical analysis
	· UE works in active BWP. 
· No RF retuning is needed for CSI-RS based RLM/BFD/BM.
· RF retuning is needed for intra-frequency RRM measurement in gap
Difficult to analyse, but if using gap assisted measurements leads to longer on time due to lower TP then we see that there could be impact on the UE power consumption if intra-frequency gaps are needed. However, this is highly dependent also on the network scheduling.
Our understanding is that UE is already required to support operation in a BWP without SSB and hence would already support intra-f gap assisted RRM requirements. Hence, this should not add any new complexity?
	For Option B-1-1)
· UE works in larger BW than active BWP. 
· No RF retuning is needed for SSB based RLM/BFD/BM measurement.
· No RF retuning is needed for intra-frequency measurement
For 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 for SSB based RLM/BFD/BM measurement.
· No RF retuning is needed for intra-frequency measurement
For Option B-1-3)
· UE works in active BWP.
· UE needs to always turn on vacant/separate RF chain for RLM/BFD/BM measurements and intra-frequency measurement
· UE need to fallback to larger BW when there is no vacant/separate RF available under current band combination
For Option B-1-4)
· UE works in active BWP
· UE needs to periodically turn on vacant/separate RF chain for RLM/BFD/BM measurements and intra-frequency measurement
· UE need to fallback to larger BW when there is no vacant/separate RF available under current band combination
Similar to Option A this is difficult to analyse, but if the solution causes interruptions it may lead to longer on time (data transmission time) due to lower TP and possible negative scheduler impact. Then we see that there could be impact on the UE power consumption if intra-frequency gaps are needed. However, this is highly dependent also on the network scheduling.
	· UE works in active BWP.
· RF retuning is needed for SSB based RLM/BFD/BM measurement in gap.
· RF retuning is needed for intra-frequency RRM measurement in gap.
Difficult to analyse. Similar to Option A, if using gap assisted measurements leads to longer on time due to lower TP then we see that there could be impact on the UE power consumption if intra-frequency gaps are needed. However, this is highly dependent also on the network scheduling.

	· UE works in active BWP 
· No RF retuning is needed for SSB based RLM/BFD/BM measurement in gap.
· No RF retuning is needed for intra-frequency measurement

	
	Summary
	Low to medium
Nokia: low/no impact
	For Option B-1-1) and Option B-1-3): High
For Option B-1-2) and Option B-1-4): Medium
	Low to medium
	Low
Nokia: Likely no impact. However, it is not clear how the requirements would be defined if UE is allocated with both CD-SSB and NCD-SSB within same BWP.




Conclusion
Our analysis and input to the discussion is captured in the table and Summary parts of the table includes the view from Nokia related to each Option A-C for each aspect agreed in the last meeting.
Nokia kindly asks the moderator to take Nokia views into account in the overall summary from RAN4.
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