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1. Introduction

In RAN #95 meeting, the WID on Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps was approved [1]. One of the objectives is about the measurement without gaps, the details are duplicated as following.

	(1) Define RRM requirements for measurement without gaps for the following cases

· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]

i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed

ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.

· Inter-RAT measurements without gaps [RAN4]

i. Inter-RAT NR measurements

ii. Inter-RAT LTE measurement


In last meeting, there is discussion on inter/intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR, and a WF was approved [2]. This contribution provides further discussion on this topic.
2. Discussion 
2.1 UE capability to differeniate whether interruption is needed

In last meeting, there is discussion on whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR', and it was agreed to introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, the signaling details are FFS [2].

According to the discussion on the signaling details in last meeting, different solutions are observed. One solution is that the UE reporting “no-gap” needs to further report the new UE capability to indicate whether interruption is needed or not, this solution means that the new UE capability is coupled with existing NeedForGapsInfoNR IE. And the REL-18 UE need to report both NeedForGapsInfoNR and the new UE capability on interruption. While another solution is to introduce new NeedForGapsInfoNR IE, e.g. NeedForGapsInfoNR-R18, enumerated from {gap, no-gap, no-gap with interuption}, this solution means that the REL-18 UE only need to report the new UE capability (e.g. NeedForGapsInfoNR-R18). From our point of view, the latter one, i.e. NeedForGapsInfoNR-R18 with { gap, no-gap, no-gap with interuption } is preferred. If no consensus is reached, considering the signaling design is RAN2 issue, it can be left to RAN2.

Proposal 1: for the additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, it is proposed to leave the signaling details to RAN2.           
2.2 Interruption requirements for the case without gap but interruption allowed (case 2)

The open issues on interruption requirements are duplicated as following:
	Issue 1-1-2: Requirements on the interruption length 

< Way forward >: 

· Option 1a:  

· As a starting point, the interruption length can be same as these defined for NCSG,e.g.

· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.

· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 

· Option 1b: 

· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR]  , the interruption length can be specified based on the same RTT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Option 1c: 
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.

· Option 1d: 

· Smaller interruption than these for NCSG is expected.

· Option 2: 

· No need define interruption length but total interruption ratio.
Issue 1-1-3: Requirements on the interruption location 

< Way forward >: 

· Option 1:  

· Interruption location needs to be specified.

· FFS on the specific location of interruption allowed

· Option 2:  

· No need to define the specific interruption location but the total interruption ratio
Issue 1-1-4: Requirements on the interruption ratio 

< Way forward >: 

· Option 1:  

· RAN4 needs to define the total interruption ratio 

· Option 1a: 

· the total interruption ratio shall not exceed 1.25%.

· Option 1b: 

· The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference

· Option 2:  

· RAN4 needs NOT to define total interruption ratio when the requirements on interruption length and location are specified 

· Other options are not precluded


For interruption length, Similar like NCSG, the interruption of NeedForGap is due to the RF retuning/retuning, the interruption length defined for NCSG can be reused. 
Proposal 2: for the case without gap but interruption allowed, the interruption length of NCSG can be reused.
As for the interruption location and interruption ratio, both could help to control the total interruption, no need to specify both of them. No matter which solution is slected, there are some issues to be considered to specify the requirements.

With interruption location, network could know the location of interruption,which is helpful for the scheduling, but there are some aspects need to be considered to specify interruption location. Since no measurement gap is configured, when to perform measurement (e.g. on which SMTC occasion to perform measurement) is up to UE implementation, the worst case is to assume interuption could happen on each SMTC occasion. However, considering the total interruption, it is not preferred to assume that interruption exists on each SMTC occasion, which is not good for system performance. Another approach is to introduce pattern to define the intrruption location, like NCSG patterns. Fot this approach, it is suggested to define one or two simple patterns. It is not expected to introduce too many patterns.  
Proposal 3: for the case without gap but interruption allowed, if interruption location is agreed to be specified, it is not prefered to assume that interruption exists on each SMTC occasion.

Proposal 4: for the case without gap but interruption allowed, if pattern is introduced to define interruption location, it is suggested to restrict the number of patterns (e.g. one or two patterns are enough), no need to introduce too many patterns like we did for NCSG patterns.
If interruption ratio is agreed to be specified, the key point is the ratio value and time period to apply the ratio. From system performance point of view, it is not expected to introduce too much inerruption. As starting point, the interruption ratio for deactivated SCell measurement can be used as baseline. Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell is 640 ms or longer. Similarly, for the case without gap but interruption allowed, interuptions allowed with up to [0.5%] probability of missed ACK/NACK over measurement period of [640ms].
Proposal 5: for the case without gap but interruption allowed, if interruption ratio is agreed to be specified, interuptions are proposed as up to [0.5%] probability of missed ACK/NACK over measurement period of [640ms] (i.e. taking interruption ratio for deactivated SCell measurement as baseline).  

2.3 Requirements for the case without gap and no interruption (case 1)

For the case without gap and no interruption, spec impact need to be considered. For requirement for intra-freq measurement without gap when no interruption, it was agreed to reuse requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) for the reporting delay requirements for intra-frequency measurement without gap and no interruption allowed. 

For inter-frequency measurements without gaps, more specification work is expected. “NeedForGapsInfoNR” is not considered in current spec, which need to be fixed.

According to existing spec, the definition of inter-frequency SSB based measurements without measurement gaps only consider the case that SSB is completely contained in the active BWP of the UE and the case that UE indicates ‘nogap-noncsg’ via NeedForNCSG-InfoNR for the inter-frequency measurement. Similar like the intra-frequency case, when UE indicates ‘no-gap’ via interFreq-needForGap, it can also be considered as inter-frequency measurement without gaps. In detail, the update is proposed as following:
	TS 38.133

A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy measurement gap or NCSG) for UE capable of interFrequencyMeas-NoGap provided

-
the UE supports interFrequencyMeas-Nogap-r16 [15], and

-
the SSB is completely contained in the active BWP of the UE.

A measurement is defined as inter-frequency measurement without gaps if the UE indicates ‘no-gap’ via interFreq-needForGap for inter-frequency measurement.

For UE supporting ncsg-MeasGapNR-r17 and indicating NeedForNCSG-InfoNR  for inter-frequency measurement, 

-
An inter-frequency SSB measurement is defined as measurement without gap if

-
the UE indicates ‘nogap-noncsg’ via NeedForNCSG-InfoNR for the inter-frequency measurement, and

-
the SSB is not completely contained in the active BWP of the UE


Proposal 6: it is proposed to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap. 

2.4 scheduling restriction
Accoding to current spec, scheduling availability for the case that SSB is completely contained in the active BWP is specified in 9.3.9.3, and the scheduling availability for NCSG is specified in 9.3.10.3. However, neither of them can be directly reused for the case when UE indicates ‘no-gap’ via interFreq-needForGap. The scheduling availability specified in 9.3.9.3 does not consider the support of simultaneousRxTxInterBandCA, IBM. The scheduling availability specified in 9.3.10.3 also consider the impact on whether deriveSSB-IndexFromCell-inter is enabled or not, which whether can be extended to “NeedForGap” need further discussion. Taking above consideration into account, it is proposed to take 9.3.10.3 as baseline to define scheduling availability, and futher discussion can be considered.

Proposal 7: for inter-frequency SSB based measurements without measurement gaps, it is proposed to take 9.3.10.3 as baseline to define scheduling availability. 
3. Conclusion
This contribution provides discussion on measurements without gaps for UEs reporting NeedForGapsInfoNR. The observations and proposals are:
Proposal 1: for the additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, it is proposed to leave the signaling details to RAN2.           

Proposal 2: for the case without gap but interruption allowed, the interruption length of NCSG can be reused.
Proposal 3: for the case without gap but interruption allowed, if interruption location is agreed to be specified, it is not prefered to assume that interruption exists on each SMTC occasion.

Proposal 4: for the case without gap but interruption allowed, if pattern is introduced to define interruption location, it is suggested to restrict the number of patterns (e.g. one or two patterns are enough), no need to introduce too many patterns like we did for NCSG patterns.

Proposal 5: for the case without gap but interruption allowed, if interruption ratio is agreed to be specified, interuptions are proposed as up to [0.5%] probability of missed ACK/NACK over measurement period of [640ms] (i.e. taking interruption ratio for deactivated SCell measurement as baseline).  

Proposal 6: it is proposed to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap. 

Proposal 7: for inter-frequency SSB based measurements without measurement gaps, it is proposed to take 9.3.10.3 as baseline to define scheduling availability.   
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