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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
2.1 Sub-topic 1-1 Definitions
Issue 1-1-1: Measurement cycle/period definition
· Agreements
· Do not introduce new mechanism for UE measurement cycle configuration
· UE measurement cycle per frequency layer is derived based on the maximum of SMTC periodicity and 80ms (i.e., max(SMTC, 80ms))
Issue 1-1-2: Tcycle definition
· Agreements
· Tcycle per MO/frequency layer is the same as UE measurement cycle
· Effective Tcycle across multiple MO/frequency layers is FFS
· Impact from MG on Tcycle is FFS
The first open issue is about Tcycle definition. In measurement requirement, Tcycle can be used since it was agreed that Tcycle per MO/frequency layer is the same as UE measurement cycle. Note that UE measurement cycle is defined per MO/frequency layer currently in RAN4 spec.
However, for interruption requirement, it is preferred to define an effective Tcycle across multiple MO/frequency layers by considering all the MO and frequency layers that are measured with and without interruption, in order to reflect the total interruption ratio.
[bookmark: _Ref145924068]Proposal 1: in interruption requirements, an effective Tcycle across multiple MO/frequency layers can be defined as:
·  , 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

The second FFS is about impact from MG on Tcycle. 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: _Ref145924063]Observation 1: allowing UE to perform interruption-based measurement outside MG can facilitate RRM measurement. Especially when UE can measure most of the MO outside MG with interruption, and only needs to perform MG based measurement on one or two carriers.
[bookmark: _Ref145924070]Proposal 2: to make sure total interruption ratio is acceptable, network can control when UE shall perform interruption-based measurement outside MG. 


2.2 Sub-topic 1-2 Interruption requirements
Issue 1-2-1: Requirements on the interruption length, if allowed
· Proposals
· Option 1: 
· When UE reporting ‘No gap but with interruption’, the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· Otherwise, no interruption is allowed.
· Option 2: 
· when UE reporting ‘No gap but with interruption’, the interruption length can be specified based on the same RTT assumption (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Otherwise, no interruption is allowed.
The cause of interruption in NeedForGap is extremely similar with that of NCSG. Typically, UE would use additional RF and BB resource to conduct measurement so that it can keep data Rx/Tx with serving cell(s) concurrently, which has been extensively discussed in R17 NCSG design. Therefore, it is straightforward to reuse the same interruption length as defined in NCSG.
[bookmark: _Ref145924072]Proposal 3: interruption length shall be same as VIL defined for NCSG, e.g.
· When UE reporting “no-gap-with-interruption” in NeedForInterruptionNR the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “no-gap-no-interruption” in NeedForInterruptionNR no interruption is allowed

2.3 Sub-topic 1-3 Measurement reporting delay requirements
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: _Ref145924074]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.


2.4 Sub-topic 1-4 Scheduling availability
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.
· Option 3: Interruption is allowed, and RAN4 shall follow the existing requirements of NCSG or MG as baseline.
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: _Ref145924076]Proposal 5: interruption shall be allowed when DRX is larger than 320ms.

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.
· Option 2: Interruption is 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) 
· Option 4: Interruption is allowed, and RAN4 shall follow the existing requirements of NCSG or MG as baseline.
Similarly, we do NOT support option 1 and 3. It is very challenging for UE to completely avoid interruption. In option 1 and 3 UE has to always choose SMTC during DRX-off to measure for all the carriers. This is problematic considering DRX is short and most likely UE has to measure multiple carriers.
[bookmark: _Ref145924078]Proposal 6: interruption shall be allowed when DRX is smaller than 320ms, and it is according to Tcycle.

R19 has been initially discussed in the last RANP. Here we would like to raise some issue which can be considered in future enhancement. Currently, according to current signaling feedback design if UE wants to support NFG or NCSG for inter-frequency for target band, it has to support it for measurement on neighbor cells across the whole band. In other word, if UE can only support NFG or NCSG for inter-frequency measurement within a portion of the band, UE should NOT indicate support of inter-frequency for target band. This could be problematic when bandwidth of target band is quite large (e.g. 500MHz). Sometimes supporting intra-band inter-frequency NFG could be more challenging that inter-band inter-frequency. For instance, if UE doesn’t have additional RF chain, UE has to adjust BW to cover target SSB. But if target SSB is too far away to be covered by UE’s maximum bandwidth, UE may not be able to support NFG. There are some possible solutions, e.g. add restriction that target SSB is within UE CBW, or consider some limited frequency separation for intra-band inter-frequency NFG support. Another issue is UE is not expected to enable both NFG and NCSG simultaneously, since NFG and NCSG are still two independent features in 3GPP. From RAN4 perspective, interruption design and measurement behaviors are different between two features. e.g.
· Interruption of NCSG is based on visible interruption length (VIL) pattern, which is explicitly configured by NW based on UE capability.
· Interruption of NFG is controlled by interruption ratio, which will be explicitly specified in 3GPP spec.
The problem is if NW and UE supports both features, then how can UE know which feature to enable? What’s the UE measurement behavior? One possible solution is to leave it to network control, e.g. by configuring NCSG pattern or indicating explicitly UE to enable NFG. If this issue cannot be resolved in R18, we can consider it in R19.
 
3. Conclusion
In this contribution, we provide discussion on NeedForGaps RRM requirement. After discussion, the following conclusions are provided:
Proposal 1: in interruption requirements, an effective Tcycle across multiple MO/frequency layers can be defined as:
·  , 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
Observation 1: allowing UE to perform interruption-based measurement outside MG can facilitate RRM measurement. Especially when UE can measure most of the MO outside MG with interruption, and only needs to perform MG based measurement on one or two carriers.
Proposal 2: to make sure total interruption ratio is acceptable, network can control when UE shall perform interruption-based measurement outside MG.
Proposal 3: interruption length shall be same as VIL defined for NCSG, e.g.
· When UE reporting “no-gap-with-interruption” in NeedForInterruptionNR the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “no-gap-no-interruption” in NeedForInterruptionNR no interruption is allowed
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: interruption shall be allowed when DRX is larger than 320ms.
Proposal 6: interruption shall be allowed when DRX is smaller than 320ms, and it is according to Tcycle.
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