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1 Introduction
[bookmark: OLE_LINK1]In last RAN4#104-bis-e meeting, discussion on options for BWP operation without restrictions was conducted and a wayforward was agreed in [1]. In this contribution, we provide our consideration on these options captured below.
	· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· [bookmark: OLE_LINK4][bookmark: OLE_LINK8]Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· [bookmark: OLE_LINK6]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



2 Discussion
Based on the agreement in last meeting, we will discuss on the three options from the below aspects case by case:
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
The analysis on each of these aspects is based on the comparison with Rel-17 measurement for normal UE.  
RRM requirements impact (Spec impact) / workload in RAN4
[bookmark: OLE_LINK5]For option A, the CSI-RS based RLM/BFD/BM was introduced since Rel-15 and the corresponding RRM requirements has already been specified in TS 38.133. There may be almost no additional RAN4 effort for the CSI-RS based RLM/BFD/BM requirement based on FG 6-1a.
For option B-1 based on UE capability of performing BM/RLM/BFD based on SSB outside active BWP, we think the current requirement could be reused as baseline, besides of some applicability description modification. For option B-2, the spec impact is expected to be high as there is no MG based BM/RLM/BFD measurement requirements.
Furthermore, as the discussion is for normal UE, when UE performing SSB based RLM/BFD/BM measurement with CD-SSB outside active BWP based on the solutions in both option A and option B, it means the UE supporting FG 6-1a. The optional FG6-1a, i.e. bwp-WithoutRestriction, was introduced in Rel-15 where the SSB is not always expected. The existing RRM requirements are specified based on the the mandatory FG6-1 while the requirement of the optional FG6-1a is completely undefined. In this way, the overall RRM requirements may need to be revisited, especially the timing requirement, as mentioned by companies in last meeting. From our perspective, the similar way of defining timing requirement of RedCap UE could be used as baseline. 
For option C), the workload is low from our view. The current RAN4 requirements for BM/RLM/BFD is specified for SSB within active BWP. If there is NCD-SSB expected in the active BWP, we think the existing requirements in RAN4 could be directly applied.
The analysis is summarized in Table 1:
[bookmark: OLE_LINK9]Table 1. Analysis on RRM requirements impact/workload in RAN4 
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· [bookmark: OLE_LINK11]Timing including UL and DL timing need to be further studied.
	low

	Option B-1)
	· Applicability of existing requirements for RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to defined.
	low

	Option B-2)
	· New requirements need to be developed for both option B-2-1 and option B-2-2.
	High

	Option C)
	· BM/RLM/BFD measurement with NCD-SSB can work with existing RAN4 requirements. 
	low


Mobility performance impact
In RRM section, as clarified by companies in last meeting, the mobility performance impact is mainly related to the L3 measurements,including intra-frequency, inter-frequency and inter-RAT measurements.
For option A), we think the mobility performance impact is low. When UE supporting FG 6-1a, i.e. CD-SSB is outside active BWP, the L3 measurement could be performed in two ways: SSB based L3 measurement with MG, or CSI-RS based L3 measurement with related UE capability. The corresponding requirements are well defined, so we think the mobility performance impact is low.
Based on UE capability, Option B-1-1 and option B-1-3 has no mobility performance impact. 
For option B-1-2 and B-1-4, we are negative to the two options. In our understanding, the SSB based BM/RLM/BFD is expected to performed more frequently than L3 measurement, then the interruption is expected to happen more frequently, which we think has severe impact on the mobility performance. Similar mobility performance impact as for option B-2.
For option C), based on our understanding, the NCD-SBB would be configured within active BWP, so there would be basically no mobility performance impact. 
The analysis is summarized in Table 2:
Table 2. Analysis on mobility performance impact  
	Options
	Mobility performance impact

	
	Technical analysis
	Summary

	Option A)
	· no mobility performance impact.
	low

	Option B-1) 
	· no mobility performance impact
	low

	Option B-2)
	· L3 measurement occasion is expected to be occupied by L1 measurement
	high

	Option C)
	· no mobility performance impact
	low


[bookmark: OLE_LINK7]Throughput impact (Data interruption)
Considering the listed options, both interruption and MG (or NCSG) could cause throughput impact. 
For option A), for UE not supporting CSI-RS based L3 measurement, the throughput impact is expected during the MG.
For option B-1), it is obviously that option B-1-1 and option B-1-3 will cause no addition interruption based on the potential new UE capability. For option B-1-2 and option B-1-4, the interruption is expected, while we think the detailed interruption requirements is related to the granularity of signalling design. 
For option B-2), both option B-2-1 and option B-2-2 need MG while we think the sharing way in option B-2-1 is more friendly to the throughout. For MG, network avoids scheduling UE when during the MG as the gap timing is known for network. For interruption, network does not know the interruption position and keeps scheduling UE on all slots. Generally speaking, we think the data interruption would be less severe in option B-1.
For option C), we think the NCD-SSB approach would cause least throughout impact compared with the rest options. 
[bookmark: OLE_LINK13]The analysis is summarized in Table 3:
Table 3. Analysis on throughput impact (data interruption)
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Summary

	Option A)
	· no throughput impact
	low

	Option B-1-1) and B-1-3)
	· no throughput impact 
	low

	Option B-1-2) and B-1-4)
	· Interruption is expected to happen frequently
	Middle

	Option B-2)
	· UE cannot be scheduled within gap for L1 and/or L3 measurements.
	high

	Option C)
	· no mobility performance impact
	low



[bookmark: OLE_LINK14]UE power consumption / UE complexity
For option A, we think the UE power consumption and UE complexity is low.
For option B-1, the capability involved in option B-1 need UE capable of working on larger BW or equipped with two RF chain, so all sub options under option B-1 is expected to cause more power consumption and increased complexity. Especially for the option B-1-1 and option B-1-3 cases, where UE might always have to open the RF bandwidth large as the UE CBW, or have to keep the other RF chain power-on. 
For option B-2, as the gap based measurement for L3 has already existed, we think no further impact on UE power consumption / UE complexity after the gap based L1 measurement introduced.
For option C, the introduction of NCD-SSB may have low power consumption. But, from the complexity perspective, it require UE to  the baseband   
The analysis is summarized in Table 4:
Table 4. Analysis on UE power consumption / UE complexity 
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Summary

	Option A)
	· no impact on UE power consumption / UE complexity
	Low

	Option B-1-1) and B-1-3)
	· UE need to always keep large BW or power on two RF chains, UE power consumption is expected
· UE need to equipped with RF chain able to working on large bandwidth, or two RF chains, the complexity impacted is expected 
	power consumption: High
Complexity: middle

	Option B-1-2) and B-1-4)
	· UE need to open large BW or power on two RF chains from time to time, UE power consumption is expected 
· UE need to equipped with RF chain able to working on large bandwidth, or two RF chains, the complexity impacted is expected 
	Middle

	Option B-2)
	· no impact on UE power consumption / UE complexity.
	Low

	Option C)
	· NCD-SSB based measurement is similar as CD-SSB based measurement
· UE to support NCD-SSB, the complexity of baseband design is expected to be high
	power consumption: low
Complexity: high


[bookmark: OLE_LINK2][bookmark: OLE_LINK12]Proposal 1: The analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP are summarized in Table 1, Table 2, Table 3 and Table 4. 
3 Conclusion
Proposal 1: The analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP are summarized in Table 1, Table 2, Table 3 and Table 4. 
Table 1. Analysis on RRM requirements impact/workload in RAN4 
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Timing including UL and DL timing need to be further studied.
	low

	Option B-1)
	· Applicability of existing requirements for RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to defined.
	low

	Option B-2)
	· New requirements need to be developed for both option B-2-1 and option B-2-2.
	High

	Option C)
	· BM/RLM/BFD measurement with NCD-SSB can work with existing RAN4 requirements. 
	low


Table 2. Analysis on mobility performance impact  
	Options
	Mobility performance impact

	
	Technical analysis
	Summary

	Option A)
	· no mobility performance impact.
	low

	Option B-1) 
	· no mobility performance impact
	low

	Option B-2)
	· L3 measurement occasion is expected to be occupied by L1 measurement
	high

	Option C)
	· no mobility performance impact
	low


Table 3. Analysis on throughput impact (data interruption)
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Summary

	Option A)
	· no throughput impact
	low

	Option B-1-1) and B-1-3)
	· no throughput impact 
	low

	Option B-1-2) and B-1-4)
	· Interruption is expected to happen frequently
	Middle

	Option B-2)
	· UE cannot be scheduled within gap for L1 and/or L3 measurements.
	high

	Option C)
	· no mobility performance impact
	low


Table 4. Analysis on UE power consumption / UE complexity 
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Summary

	Option A)
	· no impact on UE power consumption / UE complexity
	Low

	Option B-1-1) and B-1-3)
	· UE need to always keep large BW or power on two RF chains, UE power consumption is expected
· UE need to equipped with RF chain able to working on large bandwidth, or two RF chains, the complexity impacted is expected 
	Power consumption: High
Complexity: middle

	Option B-1-2) and B-1-4)
	· UE need to open large BW or power on two RF chains from time to time, UE power consumption is expected 
· UE need to equipped with RF chain able to working on large bandwidth, or two RF chains, the complexity impacted is expected 
	Middle

	Option B-2)
	· no impact on UE power consumption / UE complexity.
	Low

	Option C)
	· NCD-SSB based measurement is similar as CD-SSB based measurement
· [bookmark: _GoBack]To support NCD-SSB, the complexity of baseband design is expected to be high
	Power consumption: low
Complexity: high
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