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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]During RAN4 discussing NeedForGaps requirements [1], the following terminologies are used during the discussion.
	· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD1]’ indicated in [TBD new signaling])


In this contribution, we will continue to discuss the requirement on NeedForGaps measurement.
2 Interruption for NFG
Interruption length
In last meeting, RAN4 agreed the dedicated interruption length with brackets.
	Issue 1-2-1: Requirements on the interruption length, if allowed
· Agreement: 
· 2L is needed for each Tcycle. 
· L = [1] ms in FR1 and L = [0.75] ms in FR2.


In our understanding, the measurement behaviour for NeedForGaps is similar as deactivated SCell measurement which defined both interruption length and the interruption ratio in the specification. UE will only choose one of SMTCs to perform deactivated SCell measurement during the configured measCycleSCell period. The interruption for NeedForGaps measurement is due to RF switching. At the same time, some UE vendors suggest to define the interruption length based on NCSG. 
From network’s perspective, network doesn’t need to know how long about each interruption during the measurement procedure since the interruption occasion is undefined. Network will always ignore the reason of the interruption whether is due to NFG RF retuning or a long deep fading. Thus, we suggest a possible compromise solution to define two sets of interruption length without UE capability reporting. 
[bookmark: _Ref148726978]Observation 1: The detail interruption length in each measurement is useless to network since the interruption occasion is undefined.
[bookmark: _Ref148726692][bookmark: _Ref130306890]Proposal 1: RAN4 to define two sets of interruption length without UE capability reporting when UE reports ‘nogap with interruption’ in NeedForGaps.
· Set 1: L= 0.5ms in FR1 and 0.25 in FR2
· Set 2: L= 1ms in FR1 and 0.75 in FR2

Measurement cycle and Interruption ratio 
The general interruption ratio is determined by the interruption scaling factor, measurement lower bound, etc. Furthermore, the interruption ratio for each frequency layer is also based on the CSSF which represents how often UE will perform one shot measurement within multiple SMTC samples. The remaining issues are how to define Tcycle and interruption ratio for multiple layers. 
	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. 

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.

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.



One of the most important remaining issues is how to derive the Tcycle or the interruption ratio when multiple frequency layers’ measurements are configured. In our understanding, the Tcycle is carrier specific. It shall be determined by each layer’s measurement interval(max(80ms, SMTC)) and the scaling factor due to multiple layers. Thus, the Tcycle for each frequency layer equals measurement period per layer divided by the sample number.  
[bookmark: _Ref145436517][bookmark: _Hlk141261420]Proposal 2: When MG isn’t configured, Tcycle,i for each layer is CSSF*max(80ms, SMTC). 
[bookmark: _Ref145436522]Proposal 3: When MG is configured, Tcycle,i for each layer is CSSF*max(80ms, SMTC*Kp).

The next issue is whether to capture interruption ratio by different Tcycle length or based on a unified equation.
	RAN4 #106b
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


One of the remaining issues is whether the interruption ratio can be captured in equation format. In our understanding, it’s naturally to derive the interruption ratio for each frequency layer based on the equation as 2*L/ Tcycle. The question is whether we will use interruption table or unified equation to define the interruption. When Tcycle is less or equal than 320ms, either based on equation or table is fine. However, if the Tcycle is larger than 320ms, the agreed interruption table will overestimate the real interruption ratio. 
For example, without loss of generality, if NW configures multiple frequency layers with the same SMTC 80ms, we can see the difference between two methods as the table below. The difference between two methods will increase when the number of to-be-measured frequency layers increase, but the real interruption ratio is unchanged due to the number of to-be-measured frequency layers.
Table 1. The interruption ratio
	Configuration
	Interruption table(%)
	Equation(2*L/ Tcycle) (%)

	f1 with SMTC=80ms
	2.5
	2.5

	f1, f2 with SMTC=80ms
	2.5
	2.5

	f1, f2, f3, f4 with SMTC=80ms
	2.5
	2.5

	f1, f2, f3, f4, f5 with SMTC=80ms
	3.125
	2.5

	f1, f2, f3, f4, f5, f6 with SMTC=80ms
	3.75
	2.5



[image: ]
Figure 1. The example of multiple layers’ measurement for NeedForGaps

Observation 2: The interruption ratio will be overestimated once the to be measured Tcycle is larger than 320ms.
[bookmark: _Ref149833516]Proposal 4: RAN4 to define interruption ratio of single frequency layer equals 2*L/Tcycle instead of interruption table.
The next issue is how to count the frequency layers for interruption is still FFS. Generally, the NeedForGaps’ frequency layers shall share the measurement with other frequency layers outside gap when no measurement gap is needed. Thus, the scaling factor CSSF needs to be updated as follow. When MG isn’t configured, CSSF outside gap shall include both the layers of NFG measurement with and without interruption.
[bookmark: _Ref145436514][bookmark: _Ref148726698]Proposal 5: When MG isn’t configured, CSSF outside gap shall be used including both the layers of NFG measurement with and without interruption.


The last issue about interruption ratio is how to calculate the total interruption. The single layer interruption ratio can be derived by interruption length and Tcycle,i for each layer. The total interruption ratio is the sum of interruption ratio of individual frequency layers which need interruption. 

[bookmark: _Ref142075540][bookmark: _Ref140844712]Proposal 6: The interruption ratio shall be 1-to-1 mapping with the measurement delay for NeedForGaps. Total interruption ratio is the sum of interruption ratio of individual frequency layers with interruption. 
In last meeting, we shared an example to explain how to derive Tcycle,i and total interruption ratio. When NW configures 4 layers to be measured and UE reports the status of each layer in the figure. In our understanding, the Tcycle,i for different layers shall be as follow.
· Tcycle,1 = 80ms*4
· Tcycle,2 = 160ms*4
· Tcycle,3 = 160ms*4
· Tcycle,4 = 160ms*4
 The total interruption ratio will be  = L/320 + L/640 + 0 + 0 = 3L/640
[image: ]
Figure 2. The example of multiple layers’ measurement for NeedForGaps
3 DRX based measurement for NFG
Another important issue for NeedForGaps measurement is DRX-based requirement. NeedForGaps capability is defined to not limit the interruption location which means UE can have a more flexible design than other features to perform measurement in any SMTC occasion regardless of NW configuration. Thus, it’s important to trade-off between the NeedForGaps flexible design and the interruption ratio. We see the possibility to introduce a zero interruption in DRX mode.
	Issue 1-1-9: DRX based interruption ratio, if allowed
· Way forward
· FFS on DRX based interruption ratio
· 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


On the one hand, considering SMTC is broadcast signals, but DRX is UE specific configuration, it is hardly for NW to align the SMTC duration and the DRX ON duration for UEs. Consequently, it means the NeedForGaps measurement will always misalign with the DRX ON duration and no interruption is expected. On the other hand, when NW configures a long DRX(DRX>320ms), multiple SMTCs will be contained within one DRX cycle. Thus, it’s easily to find a suitable SMTC outside DRX ON duration. The only issue is for short DRX(DRX<=320ms). 
When UE is configured a short DRX, frequent wake-up will result in additional power consumption. One possible solution for UE is to utilize the DRX ON duration to perform both data reception and SMTC measurement. However, it means UE had to endure the performance loss due to interruption and inaccurate AGC. Another solution is to wake up before the DRX ON duration for SMTC measurement. After that, UE needs to wake up again for data reception. In Rel-15, this issue has widely discussed and a further scaling factor 1.5 was introduced to trade-off the additional SMTC wake-up and power consumption. Thus, UE shall wake up to perform the measurement before the DRX ON duration. The total measurement delay requirement is extended, and less interruption is expected. 
We calculate the worst interruption ratio for DRX cycle=320ms, with interruption length equals 1ms, no interruption controller indicated and CSSF=2. The upper bound of the interruption ratio will be 0.3%. Considering the DRX ON misalignment and power consumption scaling factor, the real interruption ratio for short DRX will be in a very low level.
[bookmark: _Ref130306878]Observation 3: In Rel-15, RAN4 had already solved the power consumption issue for short DRX measurement by introducing scaling factor 1.5.
Another important scenario for DRX case is that the SMTC occasions are misaligned with DRX ON duration. SMTC configuration is a cell specific configuration, but DRX configuration is UE specific which implies the SMTC configuration may highly misalign with UE DRX configuration. That’s the main reason to introduce further scaling factor in short DRX scenario. Thus, RAN4 shall further consider at least the case when SMTC occasions are fully misaligned with DRX ON duration. We think zero interruption is also expected in this case when DRX is equal or smaller than 320ms.
[image: ]
Figure 3. DRX ON duration misaligned with SMTC occasions
[bookmark: _Ref130306917][bookmark: _Ref145436531]Proposal 7: RAN4 to define the interruption ratio when DRX is configured as follow, 
· When DRX cycle is equal or smaller than 320ms, 
· no interruption is expected when configured SMTC occasions are misalignment with DRX ON duration;
· Otherwise, single layer’s interruption equals to 2*L/(1.5*max(80ms, SMTC, DRX cycle) x CSSF)
· When DRX cycle is larger than 320ms, no interruption is expected. 
4 NFG with concurrent gaps
In last meeting, an editor notes about the relation between NFG and concurrent gaps captured in the CR. We think it’s easily to extend the NFG measurement within gap to Con-MGs. The NFG measurement will be performed within the associated MG if it fulfils the condition to perform measurement within the gap. For example, 
· when the MO belongs to a band in which UE reports ‘nogap-nointerruption’ and all of the SMTC occasions of this MO are overlapped by the associated measurement gap
· when the MO belongs to a band in which UE reports ‘nogap-interruption’ and part or all of the SMTC occasions of this MO are overlapped by the associated measurement gap
[bookmark: _Ref148726718]Proposal 8: When UE supports NFG and Con-MGs, and NW configures the Con-MGs, NFG MO will be performed within the associated MG in the following scenarios
· when the MO belongs to a band in which UE reports ‘nogap-nointerruption’ and all of the SMTC occasions of this MO are overlapped by the associated measurement gap
· when the MO belongs to a band in which UE reports ‘nogap-interruption’ and part or all of the SMTC occasions of this MO are overlapped by the associated measurement gap
5 NeedForGaps and NCSG mapping and mismatch
RAN4 discussed several meetings about the possible mismatch issue between NW and UE with different gapless capability. Especially, when both UE and NW support NCSG and NeedForGaps. A typical use case is when UE transfers from DRX to non-DRX, to avoid the interruption to data, NW may configure a NCSG pattern. On the contrary, when UE transfer from non-DRX to DRX, to reduce the interruption, NW may further configure NeedForGaps and release NCSG pattern. Frequent large signalling interaction is needed when NW change the measurement configuration. To simplify the signalling interaction, when UE reports NCSG, it’s better to allow NW to understand UE’s behaviours for NeedForGaps.
	Issue 1-3-1a: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
· Way forward
· Option 1: Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption)
· Option 2: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
· Option 3: RAN4 to postpone the 1-to-1 mapping between NeedForGaps and NCSG capabilities until RAN4 has a clear understanding on NeedForGaps requirement
 
Issue 1-3-1b: enabling NCSG and NFG at the same time
· Way forward
· Option 1: NeedForGapsInfoNR and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE
· Option 2: [Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time
· Option 3: NeedForGaps and NCSG are not expected to be enabled for the same UE at the same time, but NW can alternatively switch between NeedForGaps and NCSG once both UE and NW support NeedForGaps and NCSG
 
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


For example, if UE supports both NeedForGaps and NCSG, UE reports the following gap status in NCSG.
Table 2. The example of gap status indication for UE supporting NCSG
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1+B2 (Pcell+Scell)
	2
	1
	0
	0
	0
	1


Note: (‘0’: gap, ‘1’: NCSG, ‘2’: no gap no interruption)
The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG with the following rules.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
After some further clarification with other companies, we see the concern due to the uncertain requirement and unclear UE behaviours for NeedForGaps feature. Thus, we suggest to postpone the discussion until RAN4 has a clear understanding on NeedForGaps requirement. 
Another issue is whether NW can enable NCSG and NeedForGaps at the same UE at the same time. We think this is purely an RAN2 issue, and RAN4 shall send LS to RAN2 to further clarification.
[bookmark: _Ref130306886]Observation 4: The benefits of 1-to-1 mapping between NeedForGaps and NCSG is to avoid the frequent large signalling interaction.
[bookmark: _Ref110192536]Proposal 9: RAN4 to postpone the 1-to-1 mapping between NeedForGaps and NCSG capabilities until RAN4 has a clear understanding on NeedForGaps requirement.
[bookmark: _Ref140845323]Proposal 10: RAN4 to send LS to RAN2 to clarify whether NW can enable NCSG and NFG at the same time.

6 Conclusion
In the contribution, we discuss the NeedForGaps in Rel-18. We have the following proposals:
Observation 1: The detail interruption length in each measurement is useless to network since the interruption occasion is undefined.
Observation 3: In Rel-15, RAN4 had already solved the power consumption issue for short DRX measurement by introducing scaling factor 1.5.
Observation 4: The benefits of 1-to-1 mapping between NeedForGaps and NCSG is to avoid the frequent large signalling interaction.
Proposal 1: RAN4 to define two sets of interruption length without UE capability reporting when UE reports ‘nogap with interruption’ in NeedForGaps.
· Set 1: L= 0.5ms in FR1 and 0.25 in FR2
· Set 2: L= 1ms in FR1 and 0.75 in FR2
Proposal 2: When MG isn’t configured, Tcycle,i for each layer is CSSF*max(80ms, SMTC).
Proposal 3: When MG is configured, Tcycle,i for each layer is CSSF*max(80ms, SMTC*Kp).
Proposal 4: RAN4 to define interruption ratio of single frequency layer equals 2*L/Tcycle instead of interruption table.
Proposal 5: When MG isn’t configured, CSSF outside gap shall be used including both the layers of NFG measurement with and without interruption.
Proposal 6: The interruption ratio shall be 1-to-1 mapping with the measurement delay for NeedForGaps.
· The interruption ratio of single frequency layer #i equals 2*L/Tcycle,i.
· Total interruption ratio is the sum of interruption ratio of individual frequency layers with interruption. 
Proposal 7: RAN4 to define the interruption ratio when DRX is configured as follow,
· When DRX cycle is equal or smaller than 320ms, 
· no interruption is expected when configured SMTC occasions are misalignment with DRX ON duration;
· Otherwise, single layer’s interruption equals to 2*L/(1.5*max(80ms, SMTC, DRX cycle) x CSSF)
· When DRX cycle is larger than 320ms, no interruption is expected. 
Proposal 8: When UE supports NFG and Con-MGs, and NW configures the Con-MGs, NFG MO will be performed within the associated MG in the following scenarios
· when the MO belongs to a band in which UE reports ‘nogap-nointerruption’ and all of the SMTC occasions of this MO are overlapped by the associated measurement gap
· when the MO belongs to a band in which UE reports ‘nogap-interruption’ and part or all of the SMTC occasions of this MO are overlapped by the associated measurement gap
Proposal 9: RAN4 to postpone the 1-to-1 mapping between NeedForGaps and NCSG capabilities until RAN4 has a clear understanding on NeedForGaps requirement.
Proposal 10: RAN4 to send LS to RAN2 to clarify whether NW can enable NCSG and NFG at the same time.
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