[bookmark: _Hlk115097167][bookmark: _Hlk118378167][bookmark: _Ref399006623]3GPP TSG-RAN WG4 Meeting # 105						     								 R4-2218990
Toulouse, France, November 14 – November 18, 2022
Agenda item:			11.1
Source:	OPPO
Title:	Discussion on BWP operation without bandwidth restriction
Document for:	Discussion
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous meetings, RAN4 has approved the WF [1] on BWP operation without bandwidth restriction. And the similar discussion in last RAN-P meeting happened, and RAN tasked RAN4 to further evaluate the options listed in the LS. 
	<Agreement >:
· 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
<Agreement >:
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


In this contribution, we further provide our views on BWP operation without bandwidth restriction for legacy normal UE.
2. Discussion
From RRM requirement perspective, RLM/BFD/CBD/BM measurements are all performed on the RS resources within active BWP for serving cells. If active BWP does not contain SSB or CSI-RS, no RRM requirements are specified for such cases. Since it is not supported from standardization perspective, it is totally up to UE implementation. From RAN4 perspective, it is not valid that the UE does not perform BM/RLM/BFD. Otherwise, the link between NW and UE are not guaranteed. 
How should the UE perform BM/RLM/BFD when the active BWP does not contain SSB? Besides performing BM/RLM/BFD based on CSI-RS within active BWP, RAN4 has also listed several options in last meeting. 
RAN tasked RAN4 to provide high level analysis on the three options. It was agreed in the last RAN4 meeting that analysis can be performed from following aspects/criteria. Since RAN has decide to study or specify the issue in R18, both technical analysis components and summary or weights from RAN4 perspective could be helpful for RAN4 to make better decision for R18 work on this issue.
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
Observation 1: It is necessary that RAN4 provide both high-level technical analysis and summary of each option for RAN to decide how to study or specify the issue of UE performing RLM/BFD/BM when CD-SSB is outside active BWP in R18.
For option A, UE has supported perform BM/RLM/BFD based on CSI-RS within active BWP since R15. If CSI-RS is outside active BWP no requirements is defined for UE. As CD-SSB is outside active BWP, the timing acquired by SSB detection could be not available. Some companies proposed that new timing requirements based on CSI-RS or other RSs may be needed. We think current timing requirements can also be applicable to CSI-RS usually with more RBs and wider bandwidth than SSB. Furthermore, whether to introduce enhancement of timing requirements can be further studied and specified if needed in R18.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option A)
	Low.
FFS Specify new timing requirements based on other reference signals
	Low.
SSB based intra-frequency RRM measurement is performed within gap since SSB is not within active BWP. CSI-RS based L3 measurement is not impacted
	Low.
As SSB based intra-frequency measurement needs gap, UE cannot be scheduled during measurement gap.
	Low.
CSI-RS based L1 or L3 measurement could increase UE complexity.
No RF retuning is needed for CSI-RS based RLM/BFD/BM.




For option B-1, UE may use larger CBW or separate RF chain to contain target RS (SSB or CSI-RS) in the UE channel bandwidth. It is feasible for UE to meet RRM requirements in this scenario, but UE cannot achieve power saving gain. In addition, the impact on specification could depend on UE behaviour of RF retuning. Whether additional switching time or interruption due to UE CBW adaption is needed depends on different UE implementation. A lot of specification work is needed and this option would only be feasible in Rel-18.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option B-1)
	Medium.
Need no gap but FFS interruption requirements under different UE implementation.

	Low.
Intra-frequency measurement is performed without gap
	Medium
Interruptions would cause throughput loss.
	Medium
Need advanced UE RF or baseband capabilities for supporting wider CBW or more RF chains.



	Option B-2)
	High.
FFS requirements for gap-based RLM/BFD/BM.
FFS CCSF for measurements within gaps
FFS the impact on gap sharing.
FFS applicability of measurement restrictions and scheduling restrictions.

	Low.
Intra-frequency measurement is performed within gap or NCSG. 
Gap or NCSG may be shared between L3 measurements and L1 RLM/BFD/BM measurements. 
	Medium
Gap or NCSG brings interruptions and throughput loss.
	Medium.
RF retuning is needed


[bookmark: _GoBack]Option B-2 or C are that UE operates in active BWP without SSB but serving cell timing can be guaranteed by measurement with gap or NCD-SSB detection. RLM/BFD/CBD/BM measurements can be continued with such timing. To achieve this, shared/dedicated MG or NCSG are required for UE to perform SSB measurement outside BWP, or NCD-SSB can be used similar to Redcap UE. However, the existing RLM/BFD/CBD/BM measurements does not support measurement within gap. It could be not a restriction if additional scheme is allowed for UE, which depends on further discussion in R18, e.g., inter-cell L1 measurement with gap.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option C)
	Medium.
FFS legacy requirements based on CD-SSB based RLM/BFD/BM requirements and timing requirements is applicable to NCD-SSB.

	Low.
Intra-frequency measurement is performed without gap
	Low
UE can be scheduled considering the scheduling restriction of NCD-SSB.  
	Medium
Need advanced UE RF or baseband capabilities for supporting NCD-SSB.
No RF retuning is needed





Observation 2: The following technical analysis and summary for option A) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option A)
	Low.
FFS specify new timing requirements based on other reference signals
	Low.
SSB based intra-frequency RRM measurement is performed within gap since SSB is not within active BWP. CSI-RS based L3 measurement is not impacted
	Low.
As SSB based intra-frequency measurement needs gap, UE cannot be scheduled during measurement gap.
	Low.
CSI-RS based L1 or L3 measurement could increase UE complexity.
No RF retuning is needed for CSI-RS based RLM/BFD/BM.



Observation 3: The following technical analysis and summary for option B) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option B-1)
	Medium.
Need no gap but FFS interruption requirements under different UE implementation.

	Low.
Intra-frequency measurement is performed without gap
	Medium
Interruptions would cause throughput loss.
	Medium
Need advanced UE RF or baseband capabilities for supporting wider CBW or more active RF chains.



	Option B-2)
	High.
FFS requirements for gap-based RLM/BFD/BM.
FFS CCSF for measurements within gaps
FFS the impact on gap sharing.
FFS applicability of measurement restrictions and scheduling restrictions.

	Medium.
Intra-frequency measurement is performed within gap or NCSG. 
Gap or NCSG may be shared between L3 measurements and L1 RLM/BFD/BM measurements. 
	Medium
Gap or NCSG brings interruptions and throughput loss.
	Medium.
RF retuning is needed


Observation 4: The following technical analysis and summary for option C) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option C)
	Medium.
FFS legacy requirements based on CD-SSB based RLM/BFD/BM requirements and timing requirements is applicable to NCD-SSB.

	Low.
Intra-frequency measurement is performed without gap
	Low
UE can be scheduled considering the scheduling restriction of NCD-SSB.  
	Medium
Need advanced UE RF or baseband capabilities for supporting NCD-SSB.
No RF retuning is needed






In general, we think it is too late to discuss any new solution in Rel-17. For R18, all three candidates identified in RAN4 LS should be considered. They have their own pros and cons. For example, the option without measurement gap may end up with much more frequent BWP switching and associated interruption. Or, it may be at the price of higher power consumption if UE always stays with wider BW. UE can be allowed to perform BM/RLM/BFD when the active BWP does not contain SSB, which is up to UE implementation at least in Rel-15/16/17. 
It is too early to preclude any option at this stage. We are open to discuss the solutions listed in RAN4’s LS in Rel-18. For example, it can be part of the Rel18 RAN4 WID NR_RRM_enh3.
Observation 5: Regarding each solution has pros and cons and may have RRM impact, any solution is not precluded at this stage.
Proposal 1: Support to discuss all of solutions in R18 eFeRRM.
3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided our observations and proposals on options for BWP operation without bandwidth restriction:
Observation 1: It is necessary that RAN4 provide both high-level technical analysis and summary of each option for RAN to decide how to study or specify the issue of UE performing RLM/BFD/BM when CD-SSB is outside active BWP in R18.
Observation 2: The following technical analysis and summary for option A) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
	Throughput impact (Data interruption)
	UE power consumption / UE complexity

	Option A)
	Low.
FFS specify new timing requirements based on other reference signals
	Low.
SSB based intra-frequency RRM measurement is performed within gap since SSB is not within active BWP. CSI-RS based L3 measurement is not impacted
	Low.
As SSB based intra-frequency measurement needs gap, UE cannot be scheduled during measurement gap.
	Low.
CSI-RS based L1 or L3 measurement could increase UE complexity.
No RF retuning is needed for CSI-RS based RLM/BFD/BM.




Observation 3: The following technical analysis and summary for option B) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
	Throughput impact (Data interruption)
	UE power consumption / UE complexity

	Option B-1)
	Medium.
Need no gap but FFS interruption requirements under different UE implementation.

	Low.
Intra-frequency measurement is performed without gap
	Medium
Interruptions would cause throughput loss.
	Medium
Need advanced UE RF or baseband capabilities for supporting wider CBW or more active RF chains.



	Option B-2)
	High.
FFS requirements for gap-based RLM/BFD/BM.
FFS CCSF for measurements within gaps
FFS the impact on gap sharing.
FFS applicability of measurement restrictions and scheduling restrictions.

	Medium.
Intra-frequency measurement is performed within gap or NCSG. 
Gap or NCSG may be shared between L3 measurements and L1 RLM/BFD/BM measurements. 
	Medium
Gap or NCSG brings interruptions and throughput loss.
	Medium.
RF retuning is needed



Observation 4: The following technical analysis and summary for option C) can be for information.
	Solutions
	RRM requirements impact/workload in RAN4
	Mobility performance impact
		Throughput impact (Data interruption)
		UE power consumption / UE complexity

	Option C)
	Medium.
FFS legacy requirements based on CD-SSB based RLM/BFD/BM requirements and timing requirements is applicable to NCD-SSB.

	Low.
Intra-frequency measurement is performed without gap
	Low
UE can be scheduled considering the scheduling restriction of NCD-SSB.  
	Medium
Need advanced UE RF or baseband capabilities for supporting NCD-SSB.
No RF retuning is needed






Observation 5: Regarding each solution has pros and cons and may have RRM impact, any solution is not precluded at this stage.

Proposal 1: Support to discuss all of solutions in R18 eFeRRM.
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