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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.

	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]

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

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

Inter-RAT measurements without gaps [RAN4]

Inter-RAT NR measurements

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.

Discussion 
Measurement without gaps for UEs reporting NeedForGapsInfoNR include two cases: Case 1: without gap and no interruption, Case 2: without gap but interruption allowed. 

2.1 Interruption requirements for the case without gap but interruption allowed (case 2)

Interruption requirements could be interruption length, interuption locaction and/or interruption ration. It was agreed not to define any restriction on interruption location. In previous meeting, it was agreed that interruption length will be defined in the requirements of interruption [4]. In last meeting, there is discussion on the interruption length but no agreements are reached. The candidte options are duplicated as following.

	Issue 1-1-2: Requirements on the interruption length, if allowed
Way forward

Option 1: As a starting point, the interruption length can be same as VIL defined for NCSG,e.g,

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

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

Option 2: As a starting point, 

when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR, TBD], 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.

Otherwise, no interruption is allowed


In our view, interruption length for measurements without gap (NeedForGap) is similar like NCSG, both are due to the RF retuning/retuning. The interruption length can be specified based on the RRT assumption, which is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2. In detail, the interruption length can be 0.5ms in FR1 and 0.25ms in FR2.

Proposal 1: for the case without gap but interruption allowed, the interruption length can be specified based on RF retuning/retuning time, which is 0.5ms for FR1 and 0.25ms for FR2. 
For interuption ratio, the wayforward is duplicated as following:

	Issue 1-1-5a: Requirements on the interruption ratio, if allowed - whether ratios are for individual frequency layer or in total

Previous agreements

Interruption ratio is defined as follows: 

80ms ≤ Tcycle < 160ms: up to [2.50%] probability of interruption

160ms ≤ Tcycle < 320ms: up to [1.25%] probability of interruption

320ms ≤ Tcycle: up to [0.625%] probability of interruption

Do not define requirement for the case Tcycle < 80ms

Way forward

Option 1: Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers

Option 2: The agreed interruption ratio should only apply to single frequency layer. In case of multiple frequency layers with different measurement cycle, the interruption ratio with the shortest measurement cycle should apply

Option 3: The interruption ratios agreed apply for a single frequency layer. It is expected that the same interruption ratio will apply for all related frequency layers

Option 4: Define Tcycle based on sampling interval on all MOs which would cause interruption. With this, the interruption ratio is the total ratio, i.e., it shall apply for all frequency layers.

Option 5: No need to define separate interruption ratio for multiple frequency layers or DRX. The previous agreed interruption requirement are applied for both single frequency layer and multiple frequency layers, and both non-DRX and DRX. 
Issue 1-1-5b: Requirements on the interruption ratio, if allowed - how Tcycle is specified

Proposals

Option 1: Tcycle is the available measurement interval in the measurement period requirements after considering the resource collision

Option 1a: 

Tcycle = Max(SMTC period, DRX cycle) x CSSF x Kp

Option 1b: 

When no DRX is used: Tcycle = SMTC x Kp;

When DRX cycle ≤ 320ms, Tcycle = 1.5 x max(SMTC, DRX) x Kp;

When DRX cycle > 320ms, Tcycle = DRX cycle x Kp;

Option 1c: 

Tcycle = measCycleNFG x CSSF, provided that at least an SMTC occasion is available per measCycleNFG per frequency layer

Option 1d: 

Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp) for FR1, where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps
Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp x KFR x Klayer1_measurement) for FR2, where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps, and KFR is the scaling factor depending on the frequency range and SSB SCS
Option 2a:

Tcycle = SMTC x CSSF x Kp x Kinterruption, where is the number of carriers on which the measurement may cause interruption

Option 3: 

Tcycle = max (80ms, SMTC period, DRX cycle).

CSSF and other scaling factor need to be included at measurement requirements similar to existing measurement requirements.  
For information: 

Current assumption: non-DRX, no MG configured, FR1 and multiple frequency layers.

FFS the definition of Tcycle: max (measCycleNFG, SMTC period) x Nf

It is expected that the interruption ratio will not be increased compared to the single frequency layer when configured with all related frequency layers

TBD if Nf value is calculated only based on the MOs that require interruption

FFS: measCycleNFG is configured by network (the value is not smaller than 80ms)

Agreements:

FFS if there are MOs that need interruption and MOs that do not need interruption. FFS whether these MOs compete the same opportunities for measurements? 


For interruption ratio, it is related with interruption length and measurement cycle length. It is important to align on how to calculate or how to derive the interruption ratio. The interruption ratio is obtained by 2*(interruption length/ measurement cycle length). Interruption length is still under discussion, and our preference is provided in above proposal 1. Measurement cycle length (Tcycle) is FFS. In our understanding, Tcycle is similar like  measurment period, which is related with SMTC, DRX cycle, CSSF, Kp as legacy delay requierments. According to previous discussion, some company propose to introduce measCycleNFG to reduce the interruption ratio, which in our view is reasonable.

One of the open issues is FFS if there are MOs that need interruption and MOs that do not need interruption. In our understanding, it is feasible. For example, F1 and FR2 are two MOs which are in different frequency band, and NFG is in use in the same band of F1. In this case, no interruption is expected for F2 MO. 

Considering that there are MOs that need interruption and MOs that do not need interruption.The total interruption is the sum of the MOs which need interruption. But from measurement delay point of view, all the MOs, no matter interruption is needed or not, will compete the opportunities for measurement, which means CSSF to cover all the MOs which compete the measurement opportunity is in use for Tcycle. In summary, the number of MOs which need interruption could be less than the number of MOs which compete the measurement opportunity, which results in that the total interruption ratio could be smaller than the interruption ratio for each frequency layer.

Observation 1: the total interruption ratio could be smaller than the interruption ratio for each frequency layer, since the number of MOs which need interruption could be less than the number of MOs which compete the measurement opportunity
Proposal 1: For Tcycle, CSSF is in use. And CSSF is used to cover all MOs which compete the measurement opportunity.

Proposal 2: the total interruption ratio is the sum of interruption ratio for each frequency layer which need interruption. And the total interruption ratio is no larger than the interruption ratio for each frequency layer.  

2.2 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. In previous meeting, it was agreed that the requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133. But some updates are necessary.
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:
	9.3.1, 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 3: it is proposed to update the definition of inter-frequency SSB based measurements without measurement gaps in 9.3.1, 38.133 to include the case when UE indicates ‘no-gap’ via interFreq-needForGap. 

Another issue is about number of samples for requirments for intra/inter-freq measurement without gap for UEs reporting NeedForGapsInfoNR. This issue will be discussed case by case. For intra-frequency measurement case, we do not see AGC is needed. According to legacy requirements from Rel-15, AGC is not considered for intra-frequency measurement.

Proposal 4: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for PSS/SSS detection is 5.

Proposal 5: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for measurement period is 5.
For inter-frequency measurement without gap, in existing 9.3.9, the sample number is 5 without AGC since SSB is completely contained in the active BWP. However, for interFreq-needForGap, we are not sure whether we can assume AGC is not necessary. If AGC is needed, the sample number for PSS/SSS detection is 8.

Proposal 6: for inter-frequency measurement without gap with or without interuption, the number of samples for PSS/SSS detection is 8 if AGC is needed.

Proposal 7: for inter-frequency measurement without gap with or without interuption, the number of samples for measurement period is 8 if AGC is needed.
As for time period for time index detection, since AGC is considered in PSS/SSS detection, no need additional samples for AGC for SSB index detection. This consideration is also aligned with legacy requirements, for for time index detection requirements for both intra-frequency and inter-freqquency, the number of samples is always 3 for SSB index detection.

Proposal 8: for both intra-frequency and inter-frequency measurement without gap with or without interuption, the number of samples for SSB index detection is 3.    

Conclusion

This contribution provides discussion on measurements without gaps for UEs reporting NeedForGapsInfoNR. The observations and proposals are:
Observation 1: the total interruption ratio could be smaller than the interruption ratio for each frequency layer, since the number of MOs which need interruption could be less than the number of MOs which compete the measurement opportunity
Proposal 1: For Tcycle, CSSF is in use. And CSSF is used to cover all MOs which compete the measurement opportunity.

Proposal 2: the total interruption ratio is the sum of interruption ratio for each frequency layer which need interruption. And the total interruption ratio is no larger than the interruption ratio for each frequency layer.  

Proposal 3: it is proposed to update the definition of inter-frequency SSB based measurements without measurement gaps in 9.3.1, 38.133 to include the case when UE indicates ‘no-gap’ via interFreq-needForGap. 

Proposal 4: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for PSS/SSS detection is 5.

Proposal 5: for intra-frequency measurement without gap with or without interuption, AGC is not needed, the number of samples for measurement period is 5.
Proposal 6: for inter-frequency measurement without gap with or without interuption, the number of samples for PSS/SSS detection is 8 if AGC is needed.

Proposal 7: for inter-frequency measurement without gap with or without interuption, the number of samples for measurement period is 8 if AGC is needed.
Proposal 8: for both intra-frequency and inter-frequency measurement without gap with or without interuption, the number of samples for SSB index detection is 3.   
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