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1. Introduction
In the previous meetings, RAN4 has discussed interruptions for E-UTRA-NR dual connectivity. Latest updates were agreed to interruption requirements for 36.133 and 38.133 in the Athens meeting in [1] and [2]. However, interruptions due to measurements on deactivated SCells still remained FFS in the agreed CRs.
As we have proposed in the last few meetings, in our view UE autonomous interruptions due to measurements on deactivated NR SCells should be avoided. We see that when designing a new system, RAN4 should take the opportunity to consider a more efficient and transparent way to handle the interruptions caused by measurements on deactivated NR SCells. Thus, we have proposed that the network shall indicate to the UE the exact SMTCs where the UE shall measure, and interruptions would only be allowed immediately before and after these indicated SMTCs. 
In the last meeting, official agreements were still not made related to this issue, as some concerns were raised on the implementation during the discussions. In this contribution we try to address these issues. With this we hope an agreement can finally be reached and RAN4 can inform RAN2 about the solution to allow RAN2 to start the work related on the signalling needed for indicating the measurement instances.
1. Discussion
2.1 Network indicated measurements and known interruptions
NR is different from LTE from measurement perspective. In NR, the synchronization signal is not assumed to be transmitted in a continuous manner as known in LTE. Instead, synchronization signal including the PBCH is transmitted in a DRX manner once per SSB periodicity (e.g. 5, 10, 20, 40, 80 and 160ms). The UE will need to perform SSB-based measurement on deactivated SCells and such measurements can only be done on the SS-part of the SSB. As the SSB is fixed in time, the UE measurements are restricted in time to the SSB time occasions. This makes NR measurements more restricted in time than LTE measurements. 
If not defined, it is up to the UE to define when to measure, and the UE may cause UE autonomous interruptions in a similar manner as in LTE due to RF pulling when changing to the second RF chain from the active RF chain. However, utilizing the periodicity of SSB occasions enables an efficient way to handle the measurements and interruptions caused by them, and makes it possible remove UE autonomous interruptions due to measurements on deactivated NR SCells.
As we have proposed already in [4] and [5], to make the overall system more efficient and predictable, the network shall indicate to the UE which SSB on a given deactivated SCell (or basically which SMTC on a given carrier) the UE shall use for SSB-based measuring. Once the network has configured such instance to the UE, the UE shall use this SSB, or SMTC instance in time domain for performing the measurements on deactivated SCells. 
Proposal 1: Network indicates to the UE which SMTC on a given deactivated SCell the UE shall use for SSB-based measurements for NR SCells.
The UE which may cause interruptions due to RF pulling shall indicate this to the network. Such UE would get a measurement instance indication from the network, and when an NR SCell is deactivated, the UE shall measure on the indicated SMTCs. The measurement instance indication can be signaled to the UE when the UE is configured with an NR SCell. This would require related RRC signaling to be supported.
Proposal 2: The network shall signal the measurement instance indication to an UE which has indicated a need for interruptions, when the UE is configured with an NR SCell.
A simplified example implementation is shown in Figure 1. In the example, network has indicated to the UE which SSB on each SCell the UE shall use for measuring the deactivated SCell. We propose that the UE is allowed an interruption only immediately before and immediately after the indicated SMTC. This would be the time it takes for the UE to tune on its RF just before the SMTC used for measurement, and to tune it off right after the SMTC used for measurement. This is illustrated in the figure as known interruptions, as now the network knows exactly when the UE may cause interruptions on active RF chain (PCell) caused by status change of 2nd receiver (SCell1 or SCell2). 
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Figure 1: Example implementation.

Proposal 3: The UE is only allowed an interruption immediately before and immediately after the SMTC indicated for measurement.
The length of the known interruption before and after the measurement should be discussed by RAN4. This time should be derived from the actual RF pulling time, and based on some earlier evaluations it seems that up to 200 µs would be a sufficient duration. However, in our CR for 38.133 [4], we have proposed to use the same duration that is used for inter-band interruption with taking TA into account, as we have discussed in [5]. For LTE cells, a whole subframe would be disturbed, so the duration would be one subframe. 
2.2 Benefits and further discussion
The benefit of this solution is that the network now knows which UEs cause pulling and when they will measure, so the network will know when the UE will not be able to receive or transmit due to pulling. There would no longer be uncertainty in time domain, when the UE performs measurements of deactivated NR SCells. This means that any disturbance on the active RF chain will be known in time domain to the gNB, and can be accounted in gNB scheduler. With this solution, the network can then omit scheduling the UE at such time instances and there would not be data loss on the disturbed carriers. 
Observation 1: By instructing the UE when to measure a given SCell and on which SMTC, the time domain uncertainty will disappear as the network always knows when the UE is measuring, and when it is not able to receive or transmit. Hence, the network can avoid scheduling the UE at these time instances.
In the last meeting a concern occurred during the discussions related to network not scheduling UE during the predefined interruption time that is allowed before and after the SMTC indicated for measurements. The problem that was discussed was that if the UE would be able to handle the interruption faster than what is allowed by the requirements, network would unnecessarily leave the whole interruption duration unscheduled. 
The interruption duration that we have proposed above is based on 200 µs (+ TA). Considering that this is already a very short duration, it is unlikely that UE being capable of faster interruption would lead to leaving multiple slots unscheduled unnecessarily. Furthermore, this could in principle only happen with larger SCSs where multiple slots are interrupted. In our view, network not scheduling anything for such short times is not critical, especially when compared to UE autonomous interruptions, where the consequence of not defining when the interruption is allowed could lead to data loss. Thus, we do not see this as a major issue and do not think it needs to be addressed in the requirements.
2.3 Specification impact
As the measurement instances are indicated by the network to the UE, changes are required to RAN2 specifications, at least to RRC signaling requirements in 38.331. Thus, we propose to send an LS to inform RAN2 about the discussion about network-indicated measurements in an LS.
Proposal 4: LS is sent to inform RAN2 about the proposed solution.
Considering NR NSA and SA operation, interruption requirements due to measurements on deactivated NR SCells and LTE SCells in 36.133 and 38.133 would be the following:
NSA: The proposed solution is applicable to NR SCells only. Measurements on deactivated LTE SCells still cause autonomous interruptions to other cells in a similar manner as in LTE specification. However, the measurements on deactivated NR SCells happen in time instances that are known to the network and the UE, so only the known interruptions as proposed in this contribution need to be introduced due to measurements on deactivated NR SCells. For 36.133 and 38.133 this means the following:
· In 36.133, where the victim is LTE cell, capture the following:
· UE autonomous interruptions due to measurements on deactivated E-UTRA SCells: Reuse legacy requirements
· Interruption of 1 subframe before and after the indicated SMTC due to measurements on deactivated NR SCells
· In 38.133, where the victim is NR cell, capture the following:
· UE autonomous interruptions due to measurements on deactivated E-UTRA SCells: Reuse legacy requirements with interruption duration based on 200 us (+ TA)
· Interruptions before and after the indicated SMTC due to measurements on deactivated NR SCells: Define interruption duration based on 200 us (+ TA)
SA: All SCells in SA are NR cells, so the proposed solution is applicable to all SCells. Thus, all measurements on deactivated SCells happen in time instances that are known to the network and the UE, so UE autonomous interruptions do not need to be specified for SA. For 38.133, this means the following:
· In 38.133, where the victim is NR cell, capture the following:
· Interruptions before and after the indicated SMTC due to measurements on deactivated NR SCells: Define interruption duration based on 200 us (+ TA)
Our CRs [3] and [4] introduce a way to capture the new requirements in 38.133 and 36.133. Draft LS to explain the solution to RAN2 is prepared in [6].
Proposal 5: Introduce the network-indicated measurement solution proposed in this contribution to 38.133 and 36.133.
1. Summary
In this contribution, we have proposed a solution where network indicates the UE which SSBs on deactivated SCells the UE shall use for measurements, and is only allowed to cause interruptions immediately before and after the indicated SMTC. Within the discussion we have made the following observations and proposals:
Proposal 1: Network indicates to the UE which SMTC on a given deactivated SCell the UE shall use for SSB-based measurements for NR SCells.
Proposal 2: The network shall signal the measurement instance indication to an UE which has indicated a need for interruptions, when the UE is configured with an NR SCell.
Proposal 3: The UE is only allowed an interruption immediately before and immediately after the SMTC indicated for measurement.
Observation 1: By instructing the UE when to measure a given SCell and on which SMTC, the time domain uncertainty will disappear as the network always knows when the UE is measuring, and when it is not able to receive or transmit. Hence, the network can avoid scheduling the UE at these time instances.
Proposal 4: LS is sent to inform RAN2 about the proposed solution.
Proposal 5: Introduce the network-indicated measurement solution proposed in this contribution to 38.133 and 36.133.
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