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Introduction
The new WI RP-230805[1] has been created at RAN99 meeting to complete the specification work to support BWP operation without restriction. The alternative approaches are identified for further analysis of specification impacts.
	Excerpt from RP-230805[1]
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only if there is no CSI-RS, no NCD SSB and no CD SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
The interruption related requirements will be decided and specified in RAN4.



RAN4 has started work from RAN4 106bis-e meeting. At the RAN4 106bis-e meeting, a WF[3] on BWP w/o restriction was approved [3], where interruption requirements for supporting option B-1-2 was discussed. Basing on that, this discussion paper presents our views on interruption issues for option B-1-2.
Discussion
2.1 Measurement samples with regard to RLM 
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. The physical process for RLM is defined in TS 38.213[4], and the relevant measurement requirements for RLM based on SSB is specified in TS 38.133. 
To find out the measurement sample aspects of RLM, we look into the aforementioned specs.
	Excerpt from TS 38.213[4] clause 5
In non-DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) provided by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.
The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to higher layers
Excerpt from TS 38.133[2] Clause 8.1.2
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] period becomes better than the threshold Qin_SSB within TEvaluate_in_SSB [ms] evaluation period.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1.
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)
	Max(100, Ceil(5  P)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX
	Ceil(5  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.






According to the excerpt above from TS 38.213[4], in case of RLM based on SSB, UE should access the radio link quality once per indication period that is determined as the maximum between the shortest periodicity for radio link monitoring resource and 10 msec. In practice, the periodicity of SSB is usually 20ms or 40ms, that is, UE should access the SSB every 20ms or 40ms for the purpose of RLM. It’s required to have 10 SSB samples during out of sync evaluation period, and to have 5 SSB samples during in sync evaluation period while UE is not configured DRX according to the excerpt above from TS 38.133[2].
Observation 1: In case of SSB based RLM, UE is required to access SSB per SSB periodicity(practically 20ms, 40ms) for the purpose of RLM, and it’s required to have 10 SSB samples during out of sync evaluation period, and to have 5 SSB samples during in sync evaluation period given UE of no DRX configuration.
2.2 Measurement interruption with regard to Option B-1-2
The existing specs support that SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. As far as BWP without restriction is considered, the Options B-1-2 aims to achieve trade-off between power consumption and throughput degradation.  
The UE supporting option B-1-2 may have to retune its receiver back and forth between a larger BW that contains SSB and PDSCH data, and the BW matching the active BWP. The interruption caused by retuning could refer to TS 38.133[2] Table 9.1.9-1, 
	Excerpt from TS 38.133[2] Table 9.1.9-1
Table 9.1.9-1: Number of interrupted slots on all serving cells for per-UE NCSG or FR1 serving cells for FR1 NCSG during each VIL in NR standalone operation (with single carrier, NR CA)
	NR
	Number of interrupted slots on serving cells

	SCS
	When MG timing advance of 0ms is applied

	(kHz)
	VIL=1ms

	15
	1

	30
	2

	60
	4

	120
	8

	NOTE 1:	NR SCS of 120 kHz is only applicable to the case with per-UE NCSG.
NOTE 2:	Void






Assuming the SSB periodicity is 20ms, one visible interruption length(VIL) before the start of SSB and one visible interruption length (VIL) following the end of SSB, thus the maximum spectrum loss corresponding to SCS 15kHz due to retuning is 10%, while 5% loss assuming the SSB periodicity is 40ms. The loss to this extent might impair the benefit of leverage the SSB outside the active BWP. 
In this context, it’s proposed to fit RLM based on SSB outside the active BWP into the NCSG, thus by applying the NCSG patterns of different VIPLs, the actual interruption could be adapted accordingly.
[bookmark: _GoBack]Observation 2: Existing measurement sample requirements for RLM based on SSB and the relevant interruption due to RF retuning would impair the benefit of leverage the SSB outside the active BWP.
Proposal 1: it’s proposed to fit RLM based on SSB outside the active BWP into the NCSG, thus by applying the NCSG patterns of different VIPLs, the actual interruption could be adapted accordingly.
Conclusion
This discussion paper presents our views on interruption issues for option B-1-2.We made the following observations:
Observation 1: In case of SSB based RLM, UE is required to access SSB per SSB periodicity(practically 20ms, 40ms) for the purpose of RLM, and it’s required to have 10 SSB samples during out of sync evaluation period, and to have 5 SSB samples during in sync evaluation period given UE of no DRX configuration.
Observation 2: Existing measurement sample requirements for RLM based on SSB and the relevant interruption due to RF retuning would impair the benefit of leverage the SSB outside the active BWP.
Proposal 1: it’s proposed to fit RLM based on SSB outside the active BWP into the NCSG, thus by applying the NCSG patterns of different VIPLs, the actual interruption could be adapted accordingly. 
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