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[bookmark: _Toc116995841]Introduction
This paper presents Nokia’s views on measurements without gaps in Rel 18. 

[bookmark: _Toc116995842]Discussion
Sub-topic 1-1 Definitions
In the last RAN4 meeting, the following was open regarding definition of Tcycle [1]
	Issue 1-1-1: Tcycle definition on a certain configured carrier i: lower bound 80ms. 
· Background
· Tcycle is used for interruption requirements specification implementation.
· The UE is allowed to cause a certain interruption length every Tcycle period.
· Previous agreements
· Tcycle per MO/frequency layer is the same as UE measurement cycle.
· Previous agreements
· Scaling factor to derive UE measurement period.
· Use CSSF within gap to scale the configured SMTC period value when MG is configured and SMTC partially or fully overlaps with MG.
· Use CSSF outside gap to scale the configured SMTC period value when MG is configured and SMTC does not overlap with MG.
· FFS for scaling factor when MG is not configured.
· Proposals
· Option 1: Tcycle,i = scaling factors * max (80ms, SMTC period).
· Option 2: Tcycle,i = max (80ms, scaling factors * SMTC period).
· Option 3: Tcycle = max(80ms, SMTCmin), where SMTCmin is smallest SMTC among multiple MO/frequency layers. 




In the previous RAN4 meetings we have spent some time on the definitions of Tcyle and other other scaling factors. In our view it is important to have some discussion first on the definition of measurement without gaps, i.e. when the UE is expected to perform measurements without gaps, and when the UE is expected to perform measurements within gaps. 
For the definition of measurement without gaps we can discuss 4 scenarios:
· Case 1: Intra frequency with SSB contained within active BWP
· Case 2: Intra frequency with SSB not contained withing the active BWP
· Case 3: Inter frequency with SSB contained within active BWP
· Case 4: Inter frequency with SSB not contained within active BWP


[bookmark: _Toc149940102]Discuss the definition of measurements without gaps for the cases below: 
a. [bookmark: _Toc149940103]Case 1: Intra frequency with SSB contained within active BWP
b. [bookmark: _Toc149940104]Case 2: Intra frequency with SSB not contained withing the active BWP
c. [bookmark: _Toc149940105]Case 3: Inter frequency with SSB contained within active BWP
d. [bookmark: _Toc149940106]Case 4: Inter frequency with SSB not contained within active BWP
As part of the agreement from previous meetings, it was agreed that CSSF outside gap applies only if the SMTC does not overlap with measurement gaps. 
[bookmark: _Toc149828203][bookmark: _Toc149829276][bookmark: _Toc149940107]A measurement is only defined as measurement outside gap if the SMTC does not overlap with GAP, otherwise the requirements with measurement gap apply and no interruptions are allowed.
During RAN4 #106, we reached the agreement that when the target SSB is completely contained in the active BWP of the UE, or the active BWP is the initial BWP, intra frequency measurement is performed without gaps and without interruptions [4]. 
[bookmark: _Toc149940108]For Case 1, measurements are always performed without gaps, and no interruptions are allowed, if
e. [bookmark: _Toc149940109]the SMTC does not overlap with GAP. 
[bookmark: _Toc149940110]For Case 2, measurements are always performed without gaps if 
f. [bookmark: _Toc149940111]the SMTC does not overlap with GAP, and
g. [bookmark: _Toc149940112]the UE indicates ‘no-gap’ via intraFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
[bookmark: _Toc149940113]For case 3, measurements are always performed without gaps, and no interruptions are allowed, if
h. [bookmark: _Toc149940114]the SMTC does not overlap with GAP, and  
i. [bookmark: _Toc149940115]the UE supports interFrequencyMeas-Nogap-r16, or the UE indicates ‘no-gap’ via interFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
[bookmark: _Toc149940116]For case 4, measurements are always performed without gaps if
j. [bookmark: _Toc149940117]the SMTC does not overlap with GAP, and  
k. [bookmark: _Toc149940118]the UE indicates ‘no-gap’ via interFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
[bookmark: _Toc116995848]Another point that needs conclusion is on how the interruption ratio relates to frequency layers. In one option presented last meeting it is assumed that Tcycle is calculated based on the smallest SMTC value. By doing this simplification, the result is that the largest interruption ration is used, i.e. the largest interruption ratio would apply for all the frequency layers. One challenge with this approach is that the total interruption ratio would be much higher than the one that is really needed for the UE to perform the measurements. 
Since the SMTC configuration doesn’t need to be the same for each frequency layer, it is possible that each layer would experience a different interruption ratio per layer. For example, one layer has SMTC configuration of 80 ms, and another has a periodicity of 160 ms which will result in 2 times less interruptions for the second SMTC. Furthermore, it is also possible that 2 SMTCs will have the same periodicity but different offset, and that a gap is overlapping with one SMTC but not with another. 
[bookmark: _Toc142683784][bookmark: _Toc149940119]Depending on the SMTC configuration and overlap with gaps the total interruption ratio would differ between 2 frequency layers. 
[bookmark: _Toc142683785][bookmark: _Toc149940120]Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers. 
In the definition of Tcycle, it is important that we consider the typical cycle where the UE would be actually causing interruptions. In current requirements, we have Kp to consider that not all SMTC occasions are available for the gapless measurement due to overlap with measurement gaps. Additionally, the CSSF takes into account the number of frequency layers that are measured outside of gaps. If we agree that the interruption ratio is defined per frequency layer, the best approach is that the Tcycle considers the CSSF as part of its calculation. 
Additionally, since we have a previous agreement that CSSF within gap is used in the case that GAP overlaps with SMTC, the gapless measurements can be simply considered as being performed withing that gap in that situation. For this reason there is no need to consider Kp in the formula for Tcycle. 
In our proposal, we calculated Tcycle for as 
· Tcycle,i = max( 80, max(TSMTC, DRX cycle) ) x CSSF, for the ith frequency layer
If we consider the following example with 1 freuqnecy layer wih SMTC period of 20 ms, and 4 frequecy layers with SMTC period of 160 ms:
· Freq layer  1, SMTC period = 20
· Freq layer 2, SMTC period = 160
If this example, if the SMTC period of 20 is taken, the total interruption would be calculated based on Tcycle=80 ms, and would result in 2.5% interruption ratio, if 1 ms interruption rate is considered. If the separate approach is considered, Tcycle would be 160 ms for layer 1 and 320 ms for layer 2, which would result in 1.875% total interruption ratio. 
	layer
	CSSF
	SMTC
	Tcycle
	Ratio %

	1
	2
	20
	160
	1,25

	2
	2
	160
	320
	0,625

	
	
	
	total
	1,875



[bookmark: _Toc142683787][bookmark: _Toc149940121]Tcycle,i = CSSF x max( 80, max(TSMTC, DRX cycle)), for the ith frequency layer. 
Another issue is regarding the interruption ratio and Tcycle calculation. In RAN4 #106bis the following WF was discussed [4]:
	Issue 1-1-5: Requirements on the interruption ratio, if allowed 
< Way forward/Agreement >: 
· 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
· FFS if the interruption rate can be captured in equation format
· Do not define requirement for the case Tcycle < 80ms
· FFS if interruption ratio applies to a single frequency layer or all frequency layers
· Tcycle definition is FFS
· Option 1: Tcycle = SMTC x CSSF x Kp
· Other options are not precluded



Depending on the CSSF, the Tcycle for one layer could be much larger than the one in the limits defined above. In this example, some frequency layers have a Tcycle that is larger than the 640 ms limit from the issue discussed in RAN4 #106bis. In this example, since there are many layers being considered, the Tcycle goes up to 800 ms. If we consider a simple formula of 

· ratio,i = 2 * L * 100 / Tcycle,i, where L is the interruption length
the results are shown in the table below when considering L= 1ms:

	
	
	
	
	Ratio %

	layer
	CSSF
	SMTC
	Tcycle
	Limits
	Formula

	1
	5
	20
	400
	0,625
	0,5

	2
	5
	160
	800
	0,625
	0,25

	3
	5
	160
	800
	0,625
	0,25

	4
	5
	160
	800
	0,625
	0,25

	5
	5
	160
	800
	0,625
	0,25

	
	
	
	total
	3,125
	1,5



In this table we can notice that the interruption ratio per layer is very different when using the formula or using the limits discussed in RAN4 #106bis. In that example, all the layers have interruption ration of 0.625% when using the limits. When using the formula the interruption ratio per layer is reduced to 0.5% for one layer and 0.25 % for the rest of the layers. As a result, the total interruption ratio is 1.5% when considering the formula, and 3.125 % when considering the limits discussed previously. 

[bookmark: _Toc149940122] Define interruption ratio per layer based on the formula
l. [bookmark: _Toc149940123]ratio,i = 2 * L * 100 / Tcycle,i, where L is the interruption length

In the last RAN4 meeting, the following was open regarding definition of scaling factors when measurement gaps is not configured [1]
	Issue 1-1-2: Scaling factor definition when measurement gap is not configured 
· Background
· Previous agreements
· All NFG measurements with interruptions are carried within the MG(s), when MGs are configured and SMTC partially or fully overlaps with MG(s).
· Scaling factor to derive UE measurement period.
· Use CSSF within gap to scale the configured SMTC period value when MG is configured and SMTC partially or fully overlaps with MG.
· Use CSSF outside gap to scale the configured SMTC period value when MG is configured and SMTC does not overlap with MG.
· FFS for scaling factor when MG is not configured.
· Proposals
· Option 1: Use CSSF outside gap to scale SMTC period when MG is not configured.
· Note: This means that the measurements are shared between NFG measurements and legacy measurements outside gap.
· Option 2: Use Nfx which is the scaling factor due to sharing only among all the frequency layers where the frequencies are configured as target frequencies for measurements without gap from UE supporting NFG.
· Note: This means that NFG measurements are in parallel with legacy measurements outside gap.






In the last RAN4 meeting, the following was open regarding definition of scaling factors when measurement gaps is configured [1]
	Issue 1-1-3: Scaling factor definition for Kp when measurement gap is configured
· Background
· Kp is the scaling factor introduced in legacy releases, applied to the cases where the target SSB is within the UE active bandwidth part and measurement gap is not needed in nature, but since measurement gap is configured the measurements only happen outside gap occasions; Kp is calculated by dividing the total number of SMTCs by available SMTC number outside gap during window length max(SMTC, MGRP); Kp = 1 when SMTC occasion is always overlapped with gap.
· Proposals
· Option 1: Do not apply Kp to Tcycle,i / measurement period.
· Option 2: Apply Kp to Tcycle,i / measurement period.




As described in the precious discussion, Kp is used to account for the overlap of SMTC with measurement gaps. Considering that we already agreed that whenever there is a measurement gap overlapping with SMTC the measurement should be performed within the gap, there is no need to discuss Kp. 

[bookmark: _Toc149940124]Kp is used in gapless measurements to take into account the SMTC overlap with measurement gaps. 
[bookmark: _Toc149940125]It was agreed in RAN4 #108 that when GAP overlaps with SMTC, CSSF inside gap is used.  
[bookmark: _Toc149940126]Do not consider measurement delay extension when GAP overlaps with SMTC. 
[bookmark: _Toc149940127]Do not apply Kp to Tcycle or measurement period. 

Measurement reporting delay requirements
In the last RAN4 meeting, the following was open regarding measurement reporting delay [1]
	Issue 1-3-1: Measurement sample number for PSS/SSS detection without AGC
· Proposals
· Option 1: 5.
Issue 1-3-2: Measurement sample number for Measurements without AGC
· Proposals
· Option 1: 5.
Issue 1-3-3: Measurement sample number for SSB index detection without AGC
· Proposals
· Option 1: 3.
Issue 1-3-4: Measurement sample number when AGC is needed
· Proposals
· Option 1: 3 samples are added.
Issue 1-3-5: Lower bounds 
· Proposals
· Option 1: reuse all existing values.
· Option 2: other values.




In 38.133 it is possible to observe that inter-frequence requirements without gaps and using NCSG use a different number of samples for PSS/SSS detection. 5 samples are used for FR1 in inter-frequency requirements in 9.3.9.1 if the measurements without gaps are in the active BWP, while 8 samples are considered if the UE indicates “nogap-noncsg” via NeedForGapNCSG-InfoNR. Likewise, 8 sampes are considered for FR1 in clause 9.3.10.1 for PSS/SSS detection using NCSG. For the intrafrequency requirements, PSS/SSS detection uses 5 samples for FR1. In the existing requirements ACG is only used when the SSB is not contained within the active BWP. 

[bookmark: _Toc149940128]Additional ACG samples are considered in existing requirements only for inter-frequency measurements when SSB is not contained in the active BWP. 
[bookmark: _Toc149940129]Additional ACG samples are only needed for inter-frequency measurement requirements if the SSB is not completely contained in the active BWP of the UE. 

DRX issues
In the last RAN4 meeting, the following was open regarding DRX [1]
	Issue 1-4-1: Interruption caused when DRX is configured larger than 320ms
· Proposals
· Option 1: No interruption is expected when DRX is configured larger than 320ms on the serving cell.
· Option 2: Interruption is allowed, and it is according to Tcycle.

Issue 1-4-2: Interruption caused when DRX is configured smaller than 320ms
· Proposals
· Option 1: No interruption is expected when SMTC is during DRX-off and UE uses such SMTC to measure NFG measurements with interruption on a certain MO; otherwise interruption is allowed.
· Option 2: Interruption is always allowed, and it is according to Tcycle.
· Option 3: No interruption is expected during DRX activity time (DRX ON duration extended by inactivity-timer after each PDCCH reception); otherwise interruption is allowed.

Issue 1-4-3: Scaling factor 1.5
· Background
· 1.5 is to address frequent measurements in legacy releases when DRX cycle length is smaller than 320ms.
· Proposals
· Option 1: Apply 1.5.




It was identified that DRX configuration should be also considered for the interruption ratio. When DRX is configured the measurement cycles of the UE are typically extended for power saving, where the UE is not expected to measure every SMTC occasion in the case of DRX is configured. In that case the UE can choose one or more SMTC occasions for performing measurements within the DRX cycle, which are not necessarily aligned with the DRX ON duration of the DRX cycle. It is also possible that the SMTC configuration is such that the DRX ON duration is never overlapping with the SMTC. The DRX duration may also be as short as 1 ms, and if we consider the interruption length values that are under discussion, any interruption during the DRX ON would have high impact on the UE throughput performance. DRX ON duration can be as short as 1/32 ms. 
[bookmark: _Toc135079728][bookmark: _Toc142683790][bookmark: _Toc149940130]drx-onDurationTimer can be as small as 1/32 ms
[bookmark: _Toc135079729][bookmark: _Toc142683791][bookmark: _Toc149940131]Interruption lengths of 0.25 to 1 ms during DRX ON duration would have extremely large impact on UE throughput, since it could cover the whole DRX ON duration. 
[image: ]
Figure 2 Diagram representing DRX with ON duration, inactivity timer, long and short DRX cycle

When DRX is configured, every time the UE is scheduled during the DRX ON period, the active part of the DRX cycle is extended by the DRX inactivity timer. Safeguarding the DRX ON duration, together with the extensions due to the inactivity timer from interruptions can avoid extremely long latencies. 
As an example, if the UE causes an interruption during the DRX ON period it could miss the PDCCH transmission. If an interruption, which is not a scheduling restriction period on the NW side, is colliding with a PDCCH occasion, especially during long DRX cycles, the device will lose the opportunity for UL and DL grants. If the PDCCH occasion is the only PDCCH occasion during the on-period of the long DRX period, the device is not reachable until next on-period of the DRX configuration, which will result in a long latency for retransmission of data. 
The effect of missing PDSCH is not as severe as missing PDCCH due to an interruption. If the UE receives PDCCH it will be aware the extension of the activity timer, and could receive the retransmission.
[bookmark: _Toc142683792][bookmark: _Toc149940132]Interruptions on PDCCH on the DRX cycle can cause the UE to experience delay in UL and DL grants as long as the drx-longcycle.
[bookmark: _Toc142683793][bookmark: _Toc149940133]The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time. 
[bookmark: _Toc135079730][bookmark: _Toc142683794][bookmark: _Toc149940134]No interruption is expected during DRX activity time, including DRX ON duration extended by inactivity-timer after each PDCCH reception. 


Spec structure
Another point that has to be clarified is how to capture the definition of measurements without gaps in the specification. The introduction of the clauses for intra-frequency (clause 9.2.1) and inter-frequency (clause 9.3.1) contains currently the definition of measurements without gaps, measurements on NCSG, and measurements within gaps. There are also other cases where the overlap of GAP and SMTC is covered by changing the definition of the CSSF, but this approach was made on Rel 15, and is not able to support the case where multiple gaps are configured. Therefore, in order to create a specification text that is easier to maintain, we think that the definition of measurements without gaps should be updated in clauses 9.2.1 and 9.3.1 to consider the cases that we have discussed when measurement without gap applies. 

[bookmark: _Toc149940135]Update clauses 9.2.1 and 9.3.1 to determine the cases where measurements without gaps apply, including:
m. [bookmark: _Toc149940136]Measurement is performed within gap, if SMTC partially or fully overlaps with GAP. 

Conclusion
In the paper, the following Observations and Proposals were made:
[bookmark: _Toc116995849]
Proposal 1: Discuss the definition of measurements without gaps for the cases below:
a.	Case 1: Intra frequency with SSB contained within active BWP
b.	Case 2: Intra frequency with SSB not contained withing the active BWP
c.	Case 3: Inter frequency with SSB contained within active BWP
d.	Case 4: Inter frequency with SSB not contained within active BWP

Proposal 2: A measurement is only defined as measurement outside gap if the SMTC does not overlap with GAP, otherwise the requirements with measurement gap apply and no interruptions are allowed.

Proposal 3: For Case 1, measurements are always performed without gaps, and no interruptions are allowed, if
a.	the SMTC does not overlap with GAP.

Proposal 4: For Case 2, measurements are always performed without gaps if
a.	the SMTC does not overlap with GAP, and
b.	the UE indicates ‘no-gap’ via intraFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR

Proposal 5: For case 3, measurements are always performed without gaps, and no interruptions are allowed, if
a.	the SMTC does not overlap with GAP, and
b.	the UE supports interFrequencyMeas-Nogap-r16, or the UE indicates ‘no-gap’ via interFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR

Proposal 6: For case 4, measurements are always performed without gaps if
a.	the SMTC does not overlap with GAP, and
b.	the UE indicates ‘no-gap’ via interFreq-needForGap, or the UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR

Observation 1: Depending on the SMTC configuration and overlap with gaps the total interruption ratio would differ between 2 frequency layers.

Proposal 7: Interruption ratio is defined for a single frequency layer, and total interruption ratio is the sum of interruption ratio of individual frequency layers.

Proposal 8: Tcycle,i = CSSF x max( 80, max(TSMTC, DRX cycle)), for the ith frequency layer.

Proposal 9: Define interruption ratio per layer based on the formula
a.	ratio,i = 2 * L * 100 / Tcycle,i, where L is the interruption length

Observation 2: Kp is used in gapless measurements to take into account the SMTC overlap with measurement gaps.

Observation 3: It was agreed in RAN4 #108 that when GAP overlaps with SMTC, CSSF inside gap is used.

Proposal 10: Do not consider measurement delay extension when GAP overlaps with SMTC.

Proposal 11: Do not apply Kp to Tcycle or measurement period.

Observation 4: Additional ACG samples are considered in existing requirements only for inter-frequency measurements when SSB is not contained in the active BWP.

Proposal 12: Additional ACG samples are only needed for inter-frequency measurement requirements if the SSB is not completely contained in the active BWP of the UE.

Observation 5: drx-onDurationTimer can be as small as 1/32 ms

Observation 6: Interruption lengths of 0.25 to 1 ms during DRX ON duration would have extremely large impact on UE throughput, since it could cover the whole DRX ON duration.

Observation 7: Interruptions on PDCCH on the DRX cycle can cause the UE to experience delay in UL and DL grants as long as the drx-longcycle.

Observation 8: The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time.

Proposal 13: No interruption is expected during DRX activity time, including DRX ON duration extended by inactivity-timer after each PDCCH reception.

Proposal 14: Update clauses 9.2.1 and 9.3.1 to determine the cases where measurements without gaps apply, including:
a.	Measurement is performed within gap, if SMTC partially or fully overlaps with GAP.
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