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Introduction
In the last working group meeting RAN4 reached nice progress on many issues about measurements without gap for UE reporting NFG. The approved WF is in [1].
	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 




In this paper we provide our views on the remaining issues to this matter.
Discussion
Measurements and interruptions
Interruption lengths
For the interruption length requirement itself, the methodology we had for NCSG in Rel17 can be reused. That is our proposal:
Proposal 1: As a starting point, the interruption length can be same as these defined for NCSG, e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed
Tcycle definition when MG is not configured
Regarding Tcycle we agreed that on a per MO basis it is equivalent to measurement cycle for a UE, and that it is the frequency layer-specific periodicity for the interruptions on the concerned layer to occur. 
	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


When we consider specifying the definition of Tcycle, the group decided to start with a typical simplified environment where there is no DRX or measurement gap configured and it is multi-frequency case in FR1. Under such circumstances, the definition of Tcycle can be depicted as in the following function.
Tcycle_fx = max(80ms, SMTC period x Nfx) 
In the above function it is natural that we could understand Nfx, which is the scaling factor for each concerned frequency layer fx due to multiple frequency layers f1 ~ fn (x is between 1 and n) configured. In a straight-forward way, we understand that Tcycle_fx is the measurement cycle for the specific frequency layer fx (it is SMTC_fx scaled with factor Nfx). In this way the requirements are very much accessible and readable that the UE has a normalized requirement on all the frequency layers for both measurement and interruption.
When there is no gap configured, the NFG measurements are not shared with any measurement else. The UE measures inter-frequency and inter-RAT MO-s only with NFG vacant RF chain. We assume that all the relevant resources to carry out such measurements are dedicated designed for the UE. 
Proposal 2: When no MG or DRX is configured, the measurement period and interruption cycle length on a certain MO/frequency fx is specified as Tcycle_fx = max(80ms, SMTC period x Nfx); where Nfx 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. 
Tcycle definition when MG is configured
However, when there is a measurement gap configured, it is natural that the measurements without interruptions with NFG vacant RF chain be carried out outside the gaps. But for the measurements with interruptions to avoid measurement gaps is not something optimal, since anyway the network does not schedule anything during configured gaps for UE. So our preference is to use measurement gaps for those measurements. 
	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 


When SMTC is not overlapped at all with any of the configured MG occasion on a certain frequency layer, the Tcycle definition is the same with that of the case where there is no MG configured but only to use the CSSF outside gap as the scaling factor due to sharing among frequencies.
Proposal 3: When SMTC is not overlapped at all with any of the configured MG occasion on a certain frequency layer fx, the measurement period and interruption cycle length is specified as Tcycle_fx = max(80ms, SMTC period x CSSFoutsidegap_fx).
When SMTC is overlapped with some of the configured MG occasions on a certain frequency layer, the measurements are carried out in each measurement gap occasion.
Proposal 4: When SMTC is overlapped with some of the MG occasions on a certain frequency layer fx, the measurement period and interruption cycle length is specified as Tcycle_fx = max(80ms, SMTC period x CSSFwithingap_fx).
Measurement cycle definition for measurements without interruption
Regarding measurements without interruption, we don’t need to consider Tcycle interruption length but still we need to consider the measurement cycle since we still need to specify the measurement period and delay requirements. 
Basically speaking, the measurements on the frequencies where the UE does not require interruption or measurement gap are carried out outside the configured gap normally (not all SSB are overlapped with MG).
Measurement period = SMTC period x CSSFoutsidegap_fx
Under such cases the measurements are shared with the measurements causing interruptions on the frequencies where SMTC is not at all overlapped with any gap occasion.
But when all the SSB/SMTC are overlapped with the configured MG occasions, CSSF turns to CSSFwithingap_fx. Under such cases the measurements are shared with the measurements causing interruptions, but gaps cover the interruptions.
Proposal 5: Measurement period definition for inter-frequency measurements without interruption equals SMTC period scaled by CSSFinter.
In summary to the above discussions, we provide the below illustrative instance to help understand how the measurements are shared.


Figure 1 Illustration on sharing of measurements with interruptions
Total interruption ratio
Given all the discussions for Tcycle_fx, we could have continued to consider the interruption ratio requirements in a frequency layer specific way. However, in a typical interruption test case, the UE is tested against ACK/NACK loss to its serving cell despite whatever operation is carried out on whichever target frequency layer. That is to say even if we specified frequency specific interruption ratio requirements, there is no obvious approach to carry out the test against those requirements.
Having these said, our view on interruption requirements is to specify a total normalized interruption ratio taking into account all the configured frequency layers according to the smallest of all Tcycle_fx. The minimum requirement is defined according to the worst interrupted frequency layer and usually it is where the UE measures the most frequently on the reference signals (that is with the smallest duration of Tcycle_fx). In the test, the UE is tested in a certain time period within which the UE measures on different frequency layers causing interruptions on some of them. The UE then is required to lose ACK/NACK responses in a smaller portion than what it could have been as if the UE was always measuring on the worst frequency layer. Since RAN4 already agreed to set 80ms as the smallest possible interruption cycle on any arbitrary frequency, the total interruption ratio requirement shall be specified considering 80ms interruption cycle.
Proposal 6: Specify a total interruption ratio to the serving cell and the minimum requirement is derived according to the worst case among all the frequency layers possible (according to the smallest of all possible Tcycle_fx which is 80ms).
With this, the consideration of whether to account for layers that are not interrupted into the interruption ratio requirements is no longer relevant to RAN4 discussions.
Conclusion
Proposal 1: As a starting point, the interruption length can be same as these defined for NCSG, e.g.
· When UE reporting “no-gap[TBD]” in [NeedForGapInfoNR]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed
Proposal 2: When no MG or DRX is configured, the measurement period and interruption cycle length on a certain MO/frequency fx is specified as Tcycle_fx = max(80ms, SMTC period x Nfx); where Nfx 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. 
Proposal 3: When SMTC is not overlapped at all with any of the configured MG occasion on a certain frequency layer fx, the measurement period and interruption cycle length is specified as Tcycle_fx = max(80ms, SMTC period x CSSFoutsidegap_fx).
Proposal 4: When SMTC is overlapped with some of the MG occasions on a certain frequency layer fx, the measurement period and interruption cycle length is specified as Tcycle_fx = max(80ms, SMTC period x CSSFwithingap_fx).
Proposal 5: Measurement period definition for inter-frequency measurements without interruption equals SMTC period scaled by CSSFinter.
Proposal 6: Specify a total interruption ratio to the serving cell and the minimum requirement is derived according to the worst case among all the frequency layers possible (according to the smallest of all possible Tcycle_fx which is 80ms).
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