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1. Introduction
NeedForGaps RRM requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1]. In this contribution, we continue discussing the open issue.
2. Discussion
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 1-2-2: Total interruption ratio considering maximum 2L interruption caused every time UE carries out measurements
· Proposals
· Option 1: Sum among all possible maximum interruptions caused on applicable carriers during a pre-defined window, and
· Specify the window length and calculate the exact maximum interruption length.
· Total interruption ratio is the total sum divided by window length.
· Option 2: Do not sum up but to consider the smallest Tcycle,i among all applicable carriers, and
· Total interruption ratio is 2L divided by smallest Tcycle,i among all applicable carriers.
· Agreement:
· Take option 1 as baseline for CR drafting, and go with option 2 if option 1 is not feasible from CR draft perspective. 
· Review the draft CR in this meeting.
Based on the big CR from RAN4#108 [2], Tcycle,i is directly used in interruption requirements:
	The UE is allowed to cause interruption with interruption ratio no more than the requirements specified below upon UE measurements on a specific frequency layer that corresponds to the configured MO, where Tcycle,i is the measurement cycle on a certain frequency layer i according to the network configuration, specified in sub-clause [TBD].
UE is allowed to cause interruption on a certain frequency layer i:
-	up to [2.50%] probability of missed ACK/NACK when 80ms ≤ Tcycle,i < 160ms, or
-	up to [1.25%] probability of missed ACK/NACK when 160ms ≤ Tcycle,i < 320ms, or
-	up to [0.625%] probability of missed ACK/NACK when 320ms ≤ Tcycle,i.
If measurement gap is configured and the gap occasions are partially or fully overlapped with the SMTC occasions on a certain frequency layer that UE indicates [no-gap-with-interruption], no interruption from measurements on such layer is allowed.


Therefore, Tcycle,i is not used to simply replace SMTC in measurement requirement. Other scaling factor such as Kp, CSSF and dependency of DRX also need to be considered. Compared with only defining interruption due to measurement on each carrier, we prefer to define a total interruption ratio by accommodating MO that may or may not cause interruption. This could be done by an effective Tcycle. Thus we propose:
[bookmark: _Ref149298880]Proposal 1: as agreed in RAN4#108bis issue 1-2-2, RAN4 needs to sum among all possible maximum interruptions caused on applicable carriers. It is proposed to define an effective Tcycle across multiple MO/frequency layers so that the total interruption ratio can be reflected:
·  , where
· N is number of carriers which are measured with interruption,
· M is total number of carriers which are measured outside MG, including carriers that are measured with and without interruption,
· Tcyclei is the interruption cycle of the ith carrier which is measured with interruption: 
· When no DRX is used: Tcyclei = max{80ms, SMTC} * Kp
· When DRX cycle ≤ 320ms, Tcyclei = max{1.5 * max(80ms, SMTC, DRX) * Kp }
· When DRX cycle > 320ms, Tcyclei = DRX cycle * Kp

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.
Option 1 is supported. When UE supports this feature and no measurement gap is configured, then the measurement is similar to legacy measurement outside gap, for which RAN4 already has very stable requirements.
[bookmark: _Ref149298883]Proposal 2: when measurement gap is not configured Use CSSF outside gap to scale SMTC period.


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 fundamental issues is whether UE is allowed to perform interruption-based measurement on carriers outside MG, when MG is configured. There are pros and cons. Allowing UE to perform interruption-based measurement outside can facilitate RRM measurement, since two searchers are assumed outside MG while only one layer is assumed to be measured within MG. However, this would result in some additional interruption. 
Note that the total interruption ratio sometimes can be extremely low according to Tcycle_effective in proposal 1 above, e.g. N is small while M is large. So, we do see some benefit of allowing UE to perform interruption-based measurement outside MG, at least under some scenarios. 
On the other hand, to make sure total interruption ratio is acceptable, we can let network control when UE shall perform interruption-based measurement outside MG.
[bookmark: _Ref149298904]Observation 1: allowing UE to perform interruption-based measurement outside MG can facilitate RRM measurement. 
[bookmark: _Ref149298886]Proposal 3: to make sure total interruption ratio is acceptable, network can control whether UE shall perform interruption-based measurement outside MG. 

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.
It is straightforward to us that number of measurement sample under similar scenarios in existing RRM requirement can be reused, as well as the lower bounds and applicability condition of additional samples due to AGC.
[bookmark: _Ref149298888]Proposal 4: number of measurement sample under similar scenarios in existing RRM requirement can be reused, as well as the lower bounds and applicability condition of additional samples due to AGC.

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.
We do NOT support option 1. Technically, even when DRX is larger than 320ms, it is not easy for UE to completely avoid interruption when there are large number of carriers to measure. 
[bookmark: _Ref149298890]Proposal 5: even when DRX is larger than 320ms, interruption is still 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.
System throughput can be guaranteed by defining interruption ratio. Note that the interruption ratio is much lower than measurement gap or NCSG. We don’t see necessity to introduce further restriction on UE measurement behaviour. 
[bookmark: _Ref149298907]Observation 2: interruption ratio being discussed is already much lower than measurement gap overhead and VIL overhead in NCSG. It is NOT agreeable to introduce restriction on UE measurement behaviour to further lower interruption ratio.
[bookmark: _Ref149298892]Proposal 6: even when DRX is smaller than 320ms, interruption is allowed, and it is according to Tcycle.

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.
Measurement latency reduction is not in scope of this objective. Existing scaling factor 1.5 shall not be removed.
[bookmark: _Ref149298894]Proposal 7: scaling factor 1.5, which was introduced to address frequent measurements in legacy releases when DRX cycle length is smaller than 320ms, shall NOT be removed.

3. Conclusion
In this contribution, we provide discussion on NeedForGaps RRM requirement. After discussion, the following conclusions are provided:
Proposal 1: as agreed in RAN4#108bis issue 1-2-2, RAN4 needs to sum among all possible maximum interruptions caused on applicable carriers. It is proposed to define an effective Tcycle across multiple MO/frequency layers so that the total interruption ratio can be reflected:
·  , where
· N is number of carriers which are measured with interruption,
· M is total number of carriers which are measured outside MG, including carriers that are measured with and without interruption,
· Tcyclei is the interruption cycle of the ith carrier which is measured with interruption: 
· When no DRX is used: Tcyclei = max{80ms, SMTC} * Kp
· When DRX cycle ≤ 320ms, Tcyclei = max{1.5 * max(80ms, SMTC, DRX) * Kp }
· When DRX cycle > 320ms, Tcyclei = DRX cycle * Kp
Proposal 2: when measurement gap is not configured Use CSSF outside gap to scale SMTC period.
Observation 1: allowing UE to perform interruption-based measurement outside MG can facilitate RRM measurement.
Proposal 3: to make sure total interruption ratio is acceptable, network can control whether UE shall perform interruption-based measurement outside MG.
Proposal 4: number of measurement sample under similar scenarios in existing RRM requirement can be reused, as well as the lower bounds and applicability condition of additional samples due to AGC.
Proposal 5: even when DRX is larger than 320ms, interruption is still allowed, and it is according to Tcycle.
Observation 2: interruption ratio being discussed is already much lower than measurement gap overhead and VIL overhead in NCSG. It is NOT agreeable to introduce restriction on UE measurement behaviour to further lower interruption ratio.
Proposal 6: even when DRX is smaller than 320ms, interruption is allowed, and it is according to Tcycle.
Proposal 7: scaling factor 1.5, which was introduced to address frequent measurements in legacy releases when DRX cycle length is smaller than 320ms, shall NOT be removed.
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