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1 Introduction
In the previous RAN4 meeting, some agreements were made on framework for high level analysis of the options for BWP operation without restriction. Also, it was also agreed that there is no need to discuss solution for RLM/BFD/BM when CD-SSB is outside active BWP for Rel-17 in RAN4 [1]. This contribution further discusses options for BWP operation without restriction. Our proposals are summarized in section 3 and a draft LS to RAN is also provided in the Appendix for discussion. 
2 Discussion
2.1 High level analysis of the options
In [1] the following options have been listed for further discussions and some aspects/criteria are agreed for highest-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
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]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 the following, we provide high level analysis on each option based on the agreed aspects/criteria. 
Issue 1-1-3-1: High-level analysis of options on RRM requirements impact/workload in RAN4
Regarding the RRM impact, we understand higher workload is needed for the options with interruption or with gap/NCSG due to new requirements required. For example, option B-1-2) and option B-1-4) need additional interruption requirements including interruption length and location etc. due to RF retuning. 
Option B-2-1) and option B-2-2) need to consider the gap/NCSG sharing or schedule for RLM/BFD/BM measurement and L3 measurement, so new requirements are needed. 
But For option A) and Option B-1-1), since the existing requirements can be applied, no additional workload is needed. Regarding the timing requirements when option A) is used, there is no applicability on how DL reference signals should be configured for existing timing requirements and we think there is no need to define timing requirements for CSI-RS. 
For option C), although there are no requirements for NCD-SSB currently, the measurement requirements for CD-SSB within active BWP can be reused once the applicability of NCD-SSB for non-Redcap UE is confirmed. So the workload in RAN4 is very limited for option C). 
For option B-1-3), it is not very clear how this can be implemented. Maybe there is an always-on RF chain and only be used for RLM/BFD/BM measurement? Although the separate RF chain can be used for RLM/BFD/BM measurement and not impact the communication in main RF chain, there are still issues if the measurement on main chain is collided with separate RF chain. Some more clarification and new requirements are needed for this option. 
In summary, the RRM requirements impact for each option is listed as below: 

	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· RRM requirements for this option have already been specified so no extra workload is needed. 
· And, no need to define new timing requirements based on SSB outside active BWP
	None

	Option B-1-1)
	· Existing requirements can apply and no additional requirements are needed. 
	None

	Option B-1-2)
	· Interruption requirements are needed. 
	low

	Option B-1-3)
	· The measurement collision between two RF chains needs clarification. So the requirements applicability may need to be defined. 
	Medium

	Option B-1-4)
	· Interruption requirements are needed. 
· The measurement collision between two RF chains needs clarification. 
	Medium

	Option B-2-1)
	· New requirements need to be discussed for gap/NCSG based RLM/BFD/BM measurements. 
· Also gap sharing mechanism for L1 and L3 measurements need to be defined. 
	High

	Option B-2-2)
	· New requirements need to be discussed for gap/NCSG based RLM/BFD/BM measurements. 
· Only applied to the UE supporting concurrent gap and the requirements about concurrent gap needs to be revisited. 
	High

	Option C)
	· Existing RRM measurements with NCD-SSB defined in Rel-17 (for Redcap UEs) can be taken as baseline. 
	Low



Issue 1-1-3-2: High-level analysis of options on mobility performance impact
For the mobility performance, we think it mainly refer to the impact on L3 measurement e.g. may increase the measurement period of L3 measurement. 
	Options
	Mobility performance impact

	
	Technical analysis
	Conclusion

	Option A)
	· No impact on the SSB/CSI-RS based L3 measurement for neighbour cell. 
· May have impact on the SSB based L3 measurement for serving cell. 
	low

	Option B-1-1)
	· No gap or interruption is needed for L1 measurements. As wide BW is used to cover CD-SSB for measurements, no impact is expected for either L1 or L3 measurements. 
	None

	Option B-1-2)
	· No gap is needed for L1 measurements. 
· Interruption is needed for RF retuning to a wider BW to cover the CD-SSB, after retuning, both L1 and L3 measurements can be done based on CD-SSB. 
· The impact to mobility performance due to interruption is low. 
	low

	Option B-1-3)
	· No gap or interruption is needed for L1 measurements. 
· As separate RF chain is used to cover CD-SSB for measurements, little impact is expected for either L1 or L3 measurements. 
· The measurement collision of L1 and L3 measurement between two RF chains needs to be considered which may cause measurement delay extension. Requirements applicability is needed to be defined. 
	Medium

	Option B-1-4)
	· No gap is needed for L1 measurements. Interruption is needed to switch ON the separate RF chain, after retuning, both L1 and L3 measurements of serving cell can be done based on CD-SSB. 
· The mobility performance will be impacted if L3 measurement is collided with interruption length. 
· The measurement collision of L1 and L3 measurement between two RF chains needs to be considered which may cause measurement delay extension. 
	Medium

	Option B-2-1)
	· For shared MG/NCSG, the RLM/BFD/BM measurement and L3 measurement are sharing the time occasions of gaps/NCSG, so both measurements will be extended and mobility performance may be impacted. 
	High

	Option B-2-2)
	· For dedicated MG/NCSG, the gaps/NCSG for RLM/BFD/BM measurement and L3 measurement may collide and thus lead longer delay, so mobility performance may be impacted.  
	High

	Option C)
	· Similar as the existing measurement with CD-SSB within active BWP and no impact on the mobility. 
	None



Issue 1-1-3-3: High-level analysis of options on throughput impact (data interruption)
Note: We understand here the throughput impact has two aspects to consider, i.e., the per UE data rate loss due to scheduling restriction (i.e., not schedulable within a gap occasion), and/or system wise throughput loss due to interruption time. In the table below we will conclude ‘Yes’ if either or both aspects have impact for the solution. 
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Conclusion

	Option A)
	· No gap or interruption is needed, so no throughput loss per UE or system wise. 
	None

	Option B-1-1)
	· No gap or interruption is needed, so no throughput loss per UE or system wise.
	None

	Option B-1-2)
	· No gap needed but there is a need for interruption for RF switching. So there is throughput loss per UE and system wise due to interruption. 
	Yes

	Option B-1-3)
	· No gap or interruption is needed, so no throughput loss per UE or system wise.
	None

	Option B-1-4)
	· No gap needed but there is a need for interruption for RF switching. So there is throughput loss per UE and system wise due to interruption.
	Yes

	Option B-2-1)
	· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]For MG-based measurement, gap is needed, within which the UE cannot be scheduled which lead to loss of per UE data rate. 
· For NCSG-based measurement VIL may need to be defined to allow UE to switch on the extra RF chain, which may lead to loss of per UE data rate.
	Yes

	Option B-2-2)
	· Same as option B-2-1). 
	Yes

	Option C)
	· No gap or interruption is needed, so no throughput loss per UE or system wise.
	None



Issue 1-1-3-4: High-level analysis of options on UE power consumption / UE complexity

	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Conclusion

	Option A)
	· UE’s operation BW is the active BWP and CSI-RS based measurement has already been supported, and no extra UE complexity. 
	Low

	Option B-1-1)
	· UE keeps operation on a wider BW which is larger than the active BWP, which consumes more power. 
	High

	Option B-1-2)
	· UE can work on the active BWP with small BW and switch to a wider active BWP if needed. The power consumption is smaller than option B-1-1). 
	Medium

	Option B-1-3)
	· An always-on separate RF chain is needed which leads more power consumption. 
	High

	Option B-1-4)
	· UE switch on the separate RF chain when needed. A separate RF chain consumes more power when it is ON. 
	Medium

	Option B-2-1)
	· UE’s operation BW is basically the active BWP, and gap-based measurement is used for SSB outside UE’s active BWP.
·  For NCSG-based measurement the power consumption may be a little higher due to the extra RF chain.
	Low

	Option B-2-2)
	· UE need to support concurrent gap which increasing UE complexity. Concurrent NCSG and gap has not been specified. 
	Medium

	Option C)
	· UE’s operation BW is the active BWP, and no extra UE complexity.
	Low



2.2 General aspects
In the following we focus on the discussions on Rel-18, since we already agreed that there is no need to discuss solution for RLM/BFD/BM when CD-SSB is outside active BWP for Rel-17 in RAN4 [1]. 
And based on RAN’s guidance the task to RAN4 is as the following: 
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.
In our understanding RAN4 should report to RAN the high level analysis (as done in section 2.1), and then based on these analysis RAN4 may provide recommendations to RAN regarding which options could be further considered in Rel-18. The final decision is up to RAN. 
Given our analysis in section 2.1, we think Option B would require more work in RAN4 and also lead to performance issues. So, as already proposed in [4], we prefer to take Option A as baseline and Option C can also be considered if Option A alone is considered insufficient. This is reflected in the following proposal. 
Proposal 1: Option A) is recommended as baseline solution for Rel-18, and Option C) can be further considered in Rel-18 if only Option A) is insufficient. 
3 Summary
This contribution further discusses the options for BWP without restriction, and the following is proposed.
Proposal 1: Option A) is recommended as baseline solution for Rel-18, and Option C) can be further considered in Rel-18 if only Option A) is insufficient. 
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1. Overall Description:
RAN4 has discussed the options for BWP without restriction, as per RAN’s guidance from RP#97-e. RAN4 agreed on the aspects/criteria to analyse these options. 
RAN4 would like to provide to RAN the following analysis and recommendation. 
High level analysis of the options for BWP without restriction
TBD (includes the tables in section 2.1)

Recommendation for Rel-18 work for BWP without restriction
From RAN4 perspective, option A) and option C) need less work and cause less impact on network and UE complexity. So Option A) is recommended as baseline solution for Rel-18, and Option C) can be further considered in Rel-18 if only Option A) is insufficient.

2. Actions:
To RAN:
RAN4 kindly asks RAN to take the above analysis and recommendation into account.

3. Date of Next TSG-RAN Meetings:
TSG RAN WG4 Meeting #106		February 27 – March 3, 2023		Athens, GR
TSG RAN WG4 Meeting #106-bis-e		April 17 – April 26, 2023		Electronic	
