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[bookmark: _Toc116995841]Introduction
This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18. In particular, it presents discussion on the open issues regarding the measurements without gaps in Rel 18.
[bookmark: _Toc116995842]Discussion
Naming convention
As part of this paper, we use the naming convention suggested in the last WF [2], where Case 1 described the legacy behavior of measurements without gaps, and in Case 2 measurements interruption is allowed for without gaps: 
	[Moderator notes: it is better to differentiate the measurement without gap into the two scenarios below when considering the measurement reportint delay requirements as for the interruption requirements:
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling])
]




[bookmark: _Ref135077274]Interruption aspects
During RAN4 #106-bis, the following WF was agreed regarding interruption requirements [12]
	Sub-topic 1-1: Interruption
Issue 1-1-1: Framework of the interruption requirements
< Agreement/Way forward >: 
· Define interruption length and ratio
· FFS on possible restrictions for interruptions
· Option 1: The UE is only allowed to cause interruptions on PCell or activated Scell(s) immediately before and after an SMTC. The UE is not expected to cause interruption on each SMTC occasion.
· Option 2: The UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC. 
· Other options are not precluded.




Another aspect in relation to the interruption, is the location of the interruption. The knowledge of this location is important for the network to be able to make good scheduling decisions. Therefore, some random location of the interruption could yield in degradation of overall system performance. 
[bookmark: _Toc118644721][bookmark: _Toc118748522][bookmark: _Toc127555224][bookmark: _Toc131685034][bookmark: _Toc135079717]The network needs information of the measurement interruption to make scheduling decisions. 
[bookmark: _Toc131685035][bookmark: _Toc135079718]Network KPIs might be affected if interruptions are placed in random locations, since the network cannot distinguish among lost ACK/NACK or DTX due to interruption or due to interference.
[bookmark: _Toc118644722][bookmark: _Toc118748523][bookmark: _Toc127555225][bookmark: _Toc131685036][bookmark: _Toc135079719]The UE is only allowed to cause interruptions on PCell or activated Scell(s) immediately before and after an SMTC. The UE is not expected to cause interruption on each SMTC occasion.. 
One concern that some companies expressed regarding the exact interruption location is that it may not be known exactly by the UE, i.e. some system jitter might cause the interruption to be delayed randomly. If that is the case, RAN4 can define a window in which the interruption might happen. Considering a window would be important form network perspective, since during this window the network might choose not to update UE related quality counters. For example, if that window is small enough, and an interruption happens the network doesn’t need to consider that it was caused by interference problems. If some packets are dropped due to interference, the chance that it happens during a small window that is specified would be smaller than during the entire SMTC periodicity. One example of how such a window could be specified is shown in Figure 1, where an interruption window is defined before and after the SMTC window, and the interruption might happen in a random position within that window. 

[image: ]
[bookmark: _Ref131678845]Figure 1 Example of interruption window before and after SMTC
Considering the above, we are also open to compromise on the interruption restriction for a window around the SMTC. 
[bookmark: _Toc131685037][bookmark: _Toc135079720]The UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC. 

The following was used to discuss interruption length [12]
	Issue 1-1-2: Requirements on the interruption length , if allowed 
< Way forward >: 
· FFS on: 
· 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.




When considering interruption length, and location of interruptions, it is needed to identify what is the differentiation of the measurement gaps with interruptions. Currently, UEs which are able to perform measurements outside gaps but need interruption are reporting need for NCSG. So, it should be clarified what are the advantages of defining a capability of no-gap Case 2 in comparison to NCSG. 
[bookmark: _Toc118120831][bookmark: _Toc118122536][bookmark: _Toc118122609][bookmark: _Toc118614870][bookmark: _Toc118644719][bookmark: _Toc118748519][bookmark: _Toc127555221][bookmark: _Toc131685031][bookmark: _Toc135079721]If the interruptions used for no-gaps with interruption is the same as the ones with NCSG, there is no advantage of using the no-gap Case 2. 
[bookmark: _Toc118120832][bookmark: _Toc118122537][bookmark: _Toc118122610][bookmark: _Toc118614871][bookmark: _Toc118644720][bookmark: _Toc118748520][bookmark: _Toc127555222][bookmark: _Toc131685032][bookmark: _Toc135079722]Smaller interruption than NCSG is expected for UE signaling no-gap type 2. 
[bookmark: _Toc118748521][bookmark: _Toc127555223][bookmark: _Toc131685033][bookmark: _Toc135079723]When UE signals “no-gap Case 2”, the interruption length can be specified based on the same RRT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.

The following was used to discuss interruption ratio [12]
	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




Considering that agreement from last meeting, the interruption ratio is determined considering the measurement cycle Tcycle, where the measurement cycle is considered to at least 80 ms. What is important to consider is how to calculate the measurement cycle. Option 1 in the issue above provides a good starting point for the measurement cycle. In existing requirements without gaps the SMTC period is scaled by the Kp factor in order to consider measurement extension in the case that the measurements without gaps are overlapping with gaps. In the way that Kp is considered, the UE is not performing gapless measurements for a SMTC that is overlapping with a gap, and for this reason the measurement time is extended by Kp. 
[bookmark: _Toc135079724]Existing requirements for measurements without gaps consider that the UE is not performing gap-less measurements on a SMTC occasion that is overlapping with a measurement gap, and Kp is used to extend the measurement delay. 
[bookmark: _Toc135079725]RAN4 to consider Kp as part of the calculation for the measurement cycle. 
[bookmark: _Toc135079726]RAN4 to consider 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.
[bookmark: _Toc135079727]RAN4 to consider 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.

The following was used to discuss interruptions when DRX is configured [12]
	Issue 1-1-9: DRX based interruption ratio, if allowed
< Way forward >: 
· FFS on DRX based interruption ratio
· Option 1: E///
· When DRX cycle is equal or smaller than 320ms, 
· no interruption is expected when configured SMTC occasions are misalignment with DRX ON duration; 
· otherwise, the interruption ratio is min(K, 2*L/(KNeedForGaps,i *1.5* max(DRX cycle, SMTCi) *CSSFi)). 
· When DRX cycle is larger than 320ms, no interruption is expected




It was identified that DRX configuration should be also considered for the interruption ration. 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 withing the DRX cycle, which are not necessarily aligned with the DRX ON duration nof 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]drx-onDurationTimer can be as small as 1/32 ms
[bookmark: _Toc135079729]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. 
[bookmark: _Toc135079730]No interruption is expected when configured SMTC occasions are misalignment with DRX ON duration 
[bookmark: _Toc135079731]When DRX cycle is larger than 320ms, no interruption is expected
[bookmark: _Toc135079732]When DRX is configured and interruption is allowed, the interruption ratio is determined considering the measurement cycle as agreed in Issue 1-1-5, where Tcyle is calculated considering DRX cycle. 

Measurement reporting delay requirements
The following was used to discuss measurement delays when interruption is allowed (case-2) [12]
	Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward/Agreement >: 
 [Moderator notes: With the table below in which the framework and induvial companies of these measurement requirements are listed. So we can remove these background statements to avoid any misunderstanding.]
· When RAN4 defining the measurement requirements for intra/inter-freq measurement without gap when interruption allowed (case 2), the following key aspects needs to be updated at least. 
· Updated the definition of intra/inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘nogap-withinterruption[TBD]’ via ‘needForGap-r18[TBD]’ 
· Updated the scaling factor because of the measurement gap overlapping (Kp )
·  Updates on CSSFoutside_gap
· Updates on Klayer1_measurement
· Encourages companies provide views on these factors of which the measurement period requirement is composed in the tables below directly [Moderator notes: the proposals in 2nd round can be captured as candidate options but the other options are not precluded.]
(…)
Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
< Way forward/Agreement >: 
· The requirements for inter-frequency case 1 can be defined by reusing 9.3.9 framework in TS38.133.
· The following updates needed can be FFS:
· Updated the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap.  
· Measurement samples needed for the induvial process (PSS/SSS detection, measurement and SSB index detection 
· Measurement cycles definition
· Updated the scaling factor because of the measurement gap overlapping (Kp )
·  Updates on CSSFoutside_gap
Encourages companies provide views on these factors of which the measurement period requirement is composed in the tables below directly



For the requirements without gaps where no interruption is allowed, we already have requirements from Rel 16 Rel 17, so no need for further discussion. From our perspective it is not clear why revision of those requirements is being proposed by some companies, since it was already clear 
[bookmark: _Toc135079733]38.133 already have requirements for inter/intra frequency without measurement gaps in 9.2.5 and 9.3.9. 
[bookmark: _Toc135079734]RAN4 can reuse measurement delay requirements in 9.2.5 and 9.3.9 for measurement without gaps and without interruption. 
For the measurements with interruptions, we can consider the Tcycle formula in order to determine how the measurement delays can be updated. Table 1 shows FR1 requirements for intra frequency measurements. In the formulas, it can be noticed that the measurement tumes include 
· a number of samples, 5 for PSSS/SSS sync, 3 for SSB time intex detection, and 5 for the SSB measurement period, 
· Kp factor, which takes into account overlap of measurement without gaps with measurement gaps
· CSSF which is the carrier specific scaling factor
[bookmark: _Ref135076867]Table 1 Summary of intrafrequency measurements without measurement gaps for FR1
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_intra
	T SSB_measurement_period_intra  

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra
	Ceil(3 x Kp) x DRX cycle x CSSFintra
	ceil( 5 x Kp ) x DRX cycle x CSSFintra



One option for calculating the Tcyle in Session 2.2 is to consider all of those in the Tcycle definition. The purpose is that if the UE is skipping the gapless measurement due to a gap, this SMTC should not be considered for the calculation of the final interruption ratio. Therefore, if we consider Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp), CSSF and Kp do not need to be considered for the calculation of the measurement delay. This procedure is shown in Table 2. 
[bookmark: _Toc135079735]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR1 as in the table below: 
[bookmark: _Ref135077430][bookmark: _Ref135077435]Table 2 Proposed requirements for intrafrequency measurements without measurement gaps with interruption for FR1
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_intra
	T SSB_measurement_period_intra  

	No DRXNote 1
	max( 600ms x CSSFintra, 5 x Tcycle )
	max(120ms x CSSFintra, 3 x Tcycle) 
	max(200ms x CSSFintra, 5 x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max( 600ms x CSSFintra, ceil(M2 x 5) x Tcycle) 
	max(120ms x CSSFintra, ceil (M2 x 3) x Tcycle) 
	max(200ms x CSSFintra, ceil(1.5x 5) x Tcycle) 

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra
	Ceil(3 x Kp) x DRX cycle x CSSFintra
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFintra x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




The requirements for FR2 from Table 3 are similar to the ones for FR1, where additional factors are considered for the calculation of the measurement delays, which include: 
· KFR, which extends the measurement delay for FR2-2 when the SSB is using either 480 of 960 kHz SCS. 
· Klayer1_measurement, which considers overlap with Layer 1 measurements. 
[bookmark: _Ref135077944]Table 3 Summary of intrafrequency measurements without measurement gaps for FR2
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_inter
	T SSB_measurement_period_intra  

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra
	-
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra
	-
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra
	-
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra



For the case of FR2, Tcyle is also calculated in Session 2.2 considering Kp and CSSF. Additionally, since Klayer1_measurement is used to consider the SMTC occasions which are not used because the UE is performing L1 measurements, that is considered for the Tcycle calculation which is used to determine the final interruption ratio. Therefore, if we consider Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSF x Kp x KFR x Klayer1_measurement), CSSF, Kp, KFR and  Klayer1_measurement do not need to be considered for the calculation of the measurement delay. This procedure is shown in Table 4. 
[bookmark: _Toc135079736]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below: 
[bookmark: _Ref135077952]Table 4 Proposed requirements for intrafrequency measurements without measurement gaps for FR2
	DRX cycle
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  

	No DRXNote 1
	max(600ms x CSSFintra, Mpss/sss_sync_w/o_gaps  x Tcycle) 
	max(400ms x CSSFintra, Mmeas_period_w/o_gaps Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFintra, ceil(1.5 x Mpss/sss_sync_w/o_gaps) x Tcycle) 
	max(400ms x CSSFintra, ceil(1.5x Mmeas_period_w/o_gaps) Tcycle)

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFintra x Kp x KFR x Klayer1_measurement), 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.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




The same procedure for determining the measurement delay is adopted for the inter-frequency measurements taking into consideration the requirements in 9.3.9 of 38.133 as a baseline. As a result, the formulas for deriving the measurement delays for interfrequency requirements without gaps with interruption are determined in Table 5 and Table 6. 
[bookmark: _Toc135079737]Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR1 as in the table below: 
[bookmark: _Ref135079247]Table 5 Proposed requirements for interfrequency measurements without measurement gaps with interruption for FR1
	DRX cycle
	TPSS/SSS_sync_inter
	TSSB_time_index_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max( 600ms x CSSFinter, 5 x Tcycle)
	max(120ms x CSSFinter, 3 x Tcycle)
	max(200ms x CSSFinter, 5 x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max( 600ms x CSSFinter, ceil(M2x 5) x Tcycle)
	max(120ms x CSSFinter, ceil (M2 x 3) x Tcycle) 
	max(200ms x CSSFinter, ceil(1.5x 5) x Tcycle) 

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFinter
	Ceil(3 x Kp) x DRX cycle x CSSFinter
	ceil( 5 x Kp ) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




[bookmark: _Toc135079738]Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below: 
[bookmark: _Ref135079248]Table 6 Proposed requirements for interfrequency measurements without measurement gaps for FR2
	DRX cycle
	TPSS/SSS_sync_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max(600ms x CSSFinter, Mpss/sss_sync_inter x Tcycle) 
	max(400ms x CSSFinter, Mmeas_period_inter x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFinter, ceil(1.5 x Mpss/sss_sync_inter ) x Tcycle) 
	max(400ms x CSSFinter, ceil(1.5x Mmeas_period_inter) x Tcycle) 

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x DRX cycle x CSSFinter
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp x KFR x Klayer1_measurement), 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.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.





UE behaviour
The following was used to discuss UE behaviour [12]:
	Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· FFS on the issue until the signaling and requirements for NFG are stable enough

Issue 1-3-2: UE behaviors mismatch between UE and NW 
< Way forward >: 
· FFS on the issue until the signaling for NFG are stable enough

Issue 1-3-3: Impacts on the legacy UE behavior 
< Way forward >: 
· FFS on when RAN2’s signalling design is stable 
· For the legacy UEs, whether RAN4  needs to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.




Additionally, the following agreement was met in RAN4#106 [11]:
	
Issue 1-3-3: Impacts on the legacy UE behavior 
< Agreement >: 
· Proposal 1: Intel, Nokia, ZTE, CATT
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2



When UE behavior are considered, some important aspects have to be considered concerning legacy networks. In the case the UE signals needForGaps or needForNCSG there is already an expected behavior considered by the network. In that case, if no-gap is signaled, it is clear that no additional gaps are expected. Therefore, it is important that whatever new RRM enhancement is developed the legacy behavior should remain unchanged. 
[bookmark: _Toc118120837][bookmark: _Toc118122542][bookmark: _Toc118122615][bookmark: _Toc118614876][bookmark: _Toc118644727][bookmark: _Toc118748528][bookmark: _Toc127555240][bookmark: _Toc131685059][bookmark: _Toc135079739]If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs. 
[bookmark: _Toc127555243][bookmark: _Toc131685060][bookmark: _Toc135079740]Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption). 
The other issue that was raised was about mismatch scenarios. One big concern is how legacy UEs and Network are considered. In the case of mismatch, it must be clear how the UE is behaving, otherwise the network won’t be able to predict when the UE is available for being scheduled. 
[bookmark: _Toc131685061][bookmark: _Toc135079741]No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
During the last RAN4 meeting, there were proposals regarding NCSG and needForGaps not being configured at the same time. In our view that would make it much slowed for the UE to be configured with the correct measurements if it cannot report NCSG or needForGaps at the same time. As an example, consider a network that will always attempt to configure either NCSG or measurements without gaps, the delay in this configuration would need to take into account that every time the UE is configured to report either NCSG or needForGaps the RRC processing delay would apply again. Figure 1 shows one such example, where the RRC processing delay needs to be considered 3 times before the network has the full picture of the UE capabilities whether gap, NCSG or measurement without gap should be configured. 

[image: ]
[bookmark: _Ref130831007]Figure 2 Example of how RRC processing delay would be repeated 3 times if the UE should not be configured to report NCSG and NFG simultaneously
[bookmark: _Toc131685057][bookmark: _Toc135079742]RRC messages configuring NFG or NCSG include overhead of RRC processing delay. 
[bookmark: _Toc131685058][bookmark: _Toc135079743][Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]In the paper we have discussed and presented Nokia’s views on measurements without gaps in Rel 18 . As part of this discussion the following Observations and Proposals were made:

Observation 1: The network needs information of the measurement interruption to make scheduling decisions.
Observation 2: Network KPIs might be affected if interruptions are placed in random locations, since the network cannot distinguish among lost ACK/NACK or DTX due to interruption or due to interference.
Proposal 1: The UE is only allowed to cause interruptions on PCell or activated Scell(s) immediately before and after an SMTC. The UE is not expected to cause interruption on each SMTC occasion.
Proposal 2: The UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC.
Observation 3: If the interruptions used for no-gaps with interruption is the same as the ones with NCSG, there is no advantage of using the no-gap Case 2.
Proposal 3: Smaller interruption than NCSG is expected for UE signaling no-gap type 2.
Proposal 4: When UE signals “no-gap Case 2”, the interruption length can be specified based on the same RRT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
Observation 4: Existing requirements for measurements without gaps consider that the UE is not performing gap-less measurements on a SMTC occasion that is overlapping with a measurement gap, and Kp is used to extend the measurement delay.
Proposal 5: RAN4 to consider Kp as part of the calculation for the measurement cycle.
Proposal 6: RAN4 to consider 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.
Proposal 7: RAN4 to consider 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.
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.
Proposal 8: No interruption is expected when configured SMTC occasions are misalignment with DRX ON duration
Proposal 9: When DRX cycle is larger than 320ms, no interruption is expected
Proposal 10: When DRX is configured and interruption is allowed, the interruption ratio is determined considering the measurement cycle as agreed in Issue 1-1-5, where Tcyle is calculated considering DRX cycle.
Observation 7: 38.133 already have requirements for inter/intra frequency without measurement gaps in 9.2.5 and 9.3.9.
Proposal 11: RAN4 can reuse measurement delay requirements in 9.2.5 and 9.3.9 for measurement without gaps and without interruption.
Proposal 12: Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR1 as in the table below:
	DRX cycle
	TPSS/SSS_sync_intra
	TSSB_time_index_intra
	T SSB_measurement_period_intra  

	No DRXNote 1
	max( 600ms x CSSFintra, 5 x Tcycle )
	max(120ms x CSSFintra, 3 x Tcycle) 
	max(200ms x CSSFintra, 5 x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max( 600ms x CSSFintra, ceil(M2 x 5) x Tcycle) 
	max(120ms x CSSFintra, ceil (M2 x 3) x Tcycle) 
	max(200ms x CSSFintra, ceil(1.5x 5) x Tcycle) 

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra
	Ceil(3 x Kp) x DRX cycle x CSSFintra
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFintra x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




Proposal 13: Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below:
	DRX cycle
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  

	No DRXNote 1
	max(600ms x CSSFintra, Mpss/sss_sync_w/o_gaps  x Tcycle) 
	max(400ms x CSSFintra, Mmeas_period_w/o_gaps Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFintra, ceil(1.5 x Mpss/sss_sync_w/o_gaps) x Tcycle) 
	max(400ms x CSSFintra, ceil(1.5x Mmeas_period_w/o_gaps) Tcycle)

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps x KFR x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFintra x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFintra x Kp x KFR x Klayer1_measurement), 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.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




Proposal 14: Consider the formulas for calculating inter-frequency measurement without gaps with interruption for FR1 as in the table below:
	DRX cycle
	TPSS/SSS_sync_inter
	TSSB_time_index_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max( 600ms x CSSFinter, 5 x Tcycle)
	max(120ms x CSSFinter, 3 x Tcycle)
	max(200ms x CSSFinter, 5 x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max( 600ms x CSSFinter, ceil(M2x 5) x Tcycle)
	max(120ms x CSSFinter, ceil (M2 x 3) x Tcycle) 
	max(200ms x CSSFinter, ceil(1.5x 5) x Tcycle) 

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFinter
	Ceil(3 x Kp) x DRX cycle x CSSFinter
	ceil( 5 x Kp ) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




Proposal 15: Consider the formulas for calculating intra-frequency measurement without gaps with interruption for FR2 as in the table below:
	DRX cycle
	TPSS/SSS_sync_inter
	T SSB_measurement_period_inter  

	No DRXNote 1
	max(600ms x CSSFinter, Mpss/sss_sync_inter x Tcycle) 
	max(400ms x CSSFinter, Mmeas_period_inter x Tcycle)

	DRX cycle≤ 320ms Note 2, Note 3
	max(600ms x CSSFinter, ceil(1.5 x Mpss/sss_sync_inter ) x Tcycle) 
	max(400ms x CSSFinter, ceil(1.5x Mmeas_period_inter) x Tcycle) 

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x DRX cycle x CSSFinter
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x CSSFinter

	NOTE 1:	Tcycle = max( 80, TSMTC x CSSFinter x Kp x KFR x Klayer1_measurement), where Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps.
NOTE 2:	Tcycle = max( 80, max(TSMTC, DRX cycle) x CSSFinter x Kp x KFR x Klayer1_measurement), 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.
NOTE 3: 	Requirements considered only if SMTC overlaps with DRX ON, otherwise requirements without gaps without interruption apply.




Observation 8: If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs.
Proposal 16: Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption).
Proposal 17: No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
Observation 9: RRC messages configuring NFG or NCSG include overhead of RRC processing delay.
Proposal 18: [Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time
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