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Introduction
How to handle interruptions due to measurements on deactivated NR SCells is still open despite of extensive discussions in the last RAN4 meetings. Discussion has been about whether to use similar requirements as in LTE or to introduce a new way for interruption handling by restricting UE interruptions only before and after the SMTCs that are indicated to the UE by the network for measurements. In this contribution we compare the discussed options.
Discussion
Without any official agreement, the following options were discussed during the RRM ad hoc in the last RAN4 meeting [1]:
Option 1: 
Define new per FR UE capability to indicate whether the UE needs interruption during measurement on deactivated SCell(s).
Network shall indicate the interruption needed UE on which SMTC window timing UE can perform measurement on deactivated SCell(s). Interruption due to measurement on deactivated SCell is only allowed immediately before and after the indicated SMTC.
Option 2:
No indication is needed. Interruption due to measurement on deactivated SCell is only allowed immediately before and after the SMTC. RAN4 shall define missing ACK/NACK rate for measurement on deactivated SCell(s).
Option 1: Network indicates the SMTCs before and after the UE is allowed to interrupt
To clarify option1, below we will repeat some of the discussion from our paper from the last meeting [2].
The proposal is the following:
1. [bookmark: _Hlk513636475]A UE which needs interruptions for performing measurements on deactivated NR SCells shall indicate this to the network. This can be done e.g. with benefitsFromInterruption field like in LTE, or new signalling can be introduced, but how to do this is up to RAN2 to decide.
2. If network receives such indication from the UE, it shall inform the UE in which SMTC to measure on each SCell, when the SCell is deactivated. How the indication is done would be up to RAN2 to decide.
3. When the SCell is deactivated, the UE shall perform measurements on the SMTCs that are indicated for measurements by the network. If the UE does not cause interruptions, it may measure also in other SMTCs.
4. Interruptions are only allowed immediately before and immediately after the indicated SMTCs. Duration of such interruption is to be discussed by RAN4.
If the UE does not cause interruptions during measurements on deactivated NR SCells, steps 1-4 are not needed. 
Option 2: UE is allowed to interrupt before and after every SMTC
Based on the discussion during the last meeting, an alternative option that was proposed in the last meeting was that interruption is allowed before and after every SMTC on deactivated SCells, but the total amount of interruptions is restricted with missing ACK/NACK rate like in LTE. 
The details of option 2 were not clarified during the last meeting, so at least the following issues need more discussion:
1. Would benefitsFromInterruption field or similar be used also for NR to indicate UE need for interruptions?
2. Would allowInterruptions field or similar be used also for NR to let network decide whether interruptions are allowed?
3. What is the allowed ACK/NACK rate for interruptions?
Interruption duration before and after the SMTCs shall also be discussed, but we assume that regardless of whether option 1 or option 2 is chosen, interruption duration would be the same.
[bookmark: _Hlk517191469]If LTE-based interruption handling is specified for NR, RAN4 needs to agree at least on possible signalling details, allowed missing ACK/NACK rate, and interruption duration (before and after every SMTC).
Comparison of Option 1 and Option 2
As in the last meeting there were companies supporting both options, we would like to compare different aspects for both solutions in this section.
Predictability of interruptions
Option 1: Network knows exactly when interruptions happen.
Option 2: Network knows that interruption may happen before and after every SMTC. However, network does not know which SMTCs the UE measures, so the only assumption network can make is that interruption may happen before and after every SMTC with a certain probability. 
Data loss
Option 1: As the network knows when UE may interrupt, it can avoid transmitting data or scheduling the UE in these time instants i.e. there is no data loss.
Option 2: If SMTC periodicity is short and interruption is allowed before and after every SMTC, it is not efficient for the network to not transmit or schedule the UE before and after each SMTC, as too much resources would be wasted. Therefore, data loss is possible, although it is restricted with allowed ACK/NACK rate.
UE implementation aspects
Regardless of the option, UE measurement opportunities are already restricted from LTE by introducing SSB-based measurements in NR. 
Option 1: As the network indicates when the UE shall measure (is allowed to interrupt), UE cannot choose as freely how to organize measurements on different carriers, if it causes interruptions. 
Option 2: When interruptions are allowed before and after every SMTC, UE has the freedom to choose in which SMTCs to measure each carrier.
Signaling
Option 1: Two types of signaling are needed. First, UE shall indicate to the network that it causes interruptions. Second, network signals the SMTCs where the UE shall measure on deactivated SCells.
Option 2: The signaling need is not completely clear yet. If it is agreed, UE may signal to the network that it causes interruptions. Network may also signal to the UE that interruptions are allowed, if agreed. Network does not signal when the UE shall measure.
It should also be noted that the way interruptions due to measurements on deactivated SCells are handled in LTE is not as such a baseline solution, as interruptions were only introduced afterwards, when it was noticed in the field that all UEs are not able to measure deactivated SCells without causing interruptions. Thus, we do not see that LTE interruptions is a “solution” but rather a fix to a problem. With network indicating when the UE may cause interruptions, this whole uncertainty would disappear and both the UE and NW would all the time know when interruptions are allowed.
Summarized, we think that option 1 with its predictability has major benefits compared to option 2, with the drawback being the loss in UE freedom of implementation. Some companies also raised some concerns about how the indication would impact measurements on all carriers. In the following we try to address these concerns.
Measurement impact of Option 1
Gap-based measurements
One concern based on the discussions in the last meeting was that if UE is able to do the measurement during measurement gap, it may not need to interrupt, and thus network indication would not be necessary. As explained in the last meeting, we do not see this as an issue. If the UE knows that it can handle the measurements during gaps, it means that the UE does not cause interruptions, and it does not need to ask for the indication for deactivated SCells from the network. On the other hand, if such UE asks for the indication from the network, network also knows when measurement gaps exist, so the network can indicate SMTCs that are not overlapping with the gaps.
Measurements on other cells
Another concern was that if network indicates the UE to measure during same SMTC on multiple carriers, the UE may not be able to handle the measurements simultaneously if it does not have multiple searchers in use. Furthermore, some companies were also concerned about how network indicating when the UE shall measure the deactivated SCells would also impact measurements on active cells.
As the network knows what it has indicated for the UE for each SCell, it can avoid an unfavorable indication and instead indicate non-overlapping SMTCs on different deactivated SCells. However, in the event of network indicated SMTCs overlapping with measurements on other deactivated or activated SCells, scaling of measurement requirements can be allowed in such situation. 
Interruption duration
Interruption duration that is allowed before and after the measured SMTC should be derived the same way as interruption duration in other similar cases. When E-UTRA cell is the victim, the values agreed for inter-band interruption (1 sf for synchronous EN-DC and 2 sf for asynchronous EN-DC) can be used. When NR cell is the victim, the values agreed in the last meeting due to SCell activation/deactivation can be used (Table 1). 
Table 1: Interruption duration when NR cell is the victim.
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	NR Slot length (ms)
	Interruption length slot

	
	
	Sync

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	4



[bookmark: _Hlk517682590]For E-UTRA cells, interruption duration before and after each SMTC is 1 subframe for synchronous EN-DC and 2 subframes for asynchronous EN-DC.
For NR cells, before and after the SMTC indicated for measurement, allowed interruption duration is the same as for interruptions due to SCell activation/deactivation in EN-DC and standalone NR.

As a conclusion, we propose that option 1 is chosen and RAN4 will send an LS to RAN2 to ask for RAN2 to introduce the needed signaling. We have prepared a draft LS to RAN2 in [3]. We have also provided CRs with text proposals in [4] and [5]. 
UE indicates to the network if it causes interruptions when performing measurements on deactivated NR SCells.
Network signals the exact SMTCs where the UE shall measure on deactivated NR SCells, if network has received indication that UE causes interruptions during measurements on deactivated NR SCells. 
Interruptions are allowed only before and after the indicated SMTCs.
Send an LS to RAN2 to ask for signalling support for Proposal 2 and 3.

Conclusion
In this contribution we have compared different options for interruption requirements for measurements on deactivated NR SCells. We have made the following observations and proposals:
1. If LTE-based interruption handling is adopted to NR, RAN4 needs to agree at least on possible signalling details, allowed missing ACK/NACK rate, and interruption duration (before and after every SMTC).
1. For E-UTRA cells, interruption duration before and after each SMTC is 1 subframe for synchronous EN-DC and 2 subframes for asynchronous EN-DC.
For NR cells, before and after the SMTC indicated for measurement, allowed interruption duration is the same as for interruptions due to SCell activation/deactivation in EN-DC and standalone NR.
UE indicates to the network if it causes interruptions when performing measurements on deactivated NR SCells.
Network signals the exact SMTCs where the UE shall measure on deactivated NR SCells, if network has received indication that UE causes interruptions during measurements on deactivated NR SCells. 
Interruptions are allowed only before and after the indicated SMTCs.
Send an LS to RAN2 to ask for signalling support for Proposal 2 and 3.
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