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[bookmark: _Toc116995841]Introduction
This paper presents Nokia’s views on measurements without gaps in Rel 18. 
[bookmark: _Toc116995842]Discussion
Interruption
In the previous meeting the following issues were agreed or left open for discussion regarding interruption [1]: 
	Summary of discussions
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

Issue 1-1-3: Scaling factor definition; the scaling factor is to scale the configured (SMTC) period value towards the actual UE measurement cycle/period value
· 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 
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.
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.
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.
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. 



Issue 1-2-1: Requirements on the interruption length, if allowed
The discussion on the interruption length has been targeting 2 main options. In Option 1 it is proposed that NCSG VIL is used for determining the interruption length for gapless measurement when interruption is allowed. In option 2 it is proposed that RF retuning time (RRT) is used for the interruption length. 
The RRT has been used for describing the time that a spare RF chain needs to re-tuning to a new frequency. This is also used in the case of NCSG to describe the interruption that one RF chain can cause on another during that process. 
Some background information is needed in order to understand why NCSG did not apply RRT as VIL for the requirements. When NCSG is considered, two small gaps are configured instead of a traditional measurement gap. Those 2 small gaps will be placed before and after the SMTC to be measured at a position that is configured by the network. The NCSG can be configured perUE or perFR, which imply that the VIL needs to be aligned over multiple CCs. Since different cells are not exactly aligned at the UE, the VIL needs to be larger the actual interruption to eliminate the risk that the interruption will fall outside of the small gap. If the VIL would be exactly the length of the RRT, there would be a risk that the network would schedule the UE during the interruption in at least one of the CCs. 
In the case of the gapless measurement with interruption the scenario is very different. Since the network doesn’t have the information of the interruption location, there is no means for the network to avoid scheduling during the interruption. Therefore, alignment across CCs is not relevant in this scenario, and the interruption may be set to exactly the RRT duration. 
[bookmark: _Toc142683781]NCSG has VIL parameters larger than RRT to account for misalignment across multiple component carriers. 
[bookmark: _Toc142683782]In measurements without gaps with interruptions it is agreed that interruption location is not defined. 
[bookmark: _Toc142683783]When a UE is reporting “no-gap-with-interruption” in NeedForInterruptionInfoNR-r18, the interruption length is specified based as the RRT, i.e. 0.5ms in FR1 and 0.25ms in FR2.

Issue 1-4-1 and 1-4-2: Interruption caused when DRX is configured
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]drx-onDurationTimer can be as small as 1/32 ms
[bookmark: _Toc135079729][bookmark: _Toc142683791]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]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]The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time. 
[bookmark: _Toc135079730][bookmark: _Toc142683794]No interruption is expected during DRX activity time (DRX ON duration extended by inactivity-timer after each PDCCH reception). Applies to both issues, 1-4-1- and 1-4-2.
UE behaviour
In RAN4 meeting #107 the following issues were left open for discussion regarding interruption [1]: 
	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



During the RAN4 meeting #107, 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 3 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][bookmark: _Toc142683801]RRC messages configuring NFG or NCSG include overhead of RRC processing delay. 
[bookmark: _Toc131685058][bookmark: _Toc135079743][bookmark: _Toc142683802]needForGapsConfigNR-r16 and needForInterruptionConfigNR-r18 and needForNCSG-ConfigNR may be enabled for the same UE at the same time.
If the situation requires a change in the agreed interruption ratio, it could be considered to allow the interruption ratio to be negotiable. This can be due to increased measurements for mobility, degraded radio conditions, network load, etc.
In this case, the UE or network could request a change in the agreed interruption ratio.
RAN4 to consider making the interruption ratio adaptable to UE and network radio conditions.
[bookmark: _Toc116995848]Conclusion
This paper has presented Nokia’s views on measurements without gaps in Rel 18. Among the conclusions drawn in this paper, the following observations and proposals can be highlighted: 
1. [bookmark: _Toc116995849]NCSG has VIL parameters larger than RRT to account for misalignment across multiple component carriers. 
In measurements without gaps with interruptions it is agreed that interruption location is not defined. 
1. When a UE is reporting “no-gap-with-interruption” in NeedForInterruptionInfoNR-r18, the interruption length is specified based as the RRT, i.e. 0.5ms in FR1 and 0.25ms in FR2.
drx-onDurationTimer can be as small as 1/32 ms
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. 
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.
The impact of interruption is more severe on PDCCH than for PDSCH during DRX activity time. 
No interruption is expected during DRX activity time (DRX ON duration extended by inactivity-timer after each PDCCH reception). Applies to both issues, 1-4-1- and 1-4-2.
RRC messages configuring NFG or NCSG include overhead of RRC processing delay. 
needForGapsConfigNR-r16 and needForInterruptionConfigNR-r18 and needForNCSG-ConfigNR may be enabled for the same UE at the same time.
RAN4 to consider making the interruption ratio adaptable to UE and network radio conditions.
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