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1. Introduction
In the previous meetings, RAN4 has discussed the way to introduce interruptions for E-UTRA-NR dual connectivity. CR and TP drafts on how to introduce interruption requirements to 36.133 and 38.133 have been discussed based on proposals from different companies. No text has however been approved to any of the specifications.
Before interruption requirements are agreed for NR work item, we would like to question the need of specifying UE autonomous interruptions due to measurements during deactive mode of NR SCells. In this contribution, we propose a solution, where the network indicates to the UE which SMTC to use for measurements on deactivated NR SCell, to get rid of unpredictability caused by UE autonomous interruptions caused by these measurements.
1. Discussion
2.1 Background
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. 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 implementation when to measure which deactivated SCell using which SSB of the SCell. In such case we have similar scenario as in LTE, and a UE causing glitches due to RF pulling when changing to the 2nd RF chain, will cause disturbance on the active RF chain – UE autonomous interrupts.
Observation 1: Without any further definitions, SSB-based measurements in NR cause UE autonomous interruptions in similar manner as measurements in LTE.
In LTE, when introduction of CA was discussed initially, the issue of potential interrupts to PCell once operation on the SCell is initiated was discussed. At that time, this was not seen as an issue and no requirements were specified. Later discussions revealed that such conclusion was in fact incorrect, and in most cases the UEs will not be able to start a second RF chain without this impacting the performance of the existing active RF chain. Therefore, interruptions with rules when the UE is allowed cause them were introduced in Rel-11/12 timeframe with backwards applicability to Rel-10. Thus, interruptions were mainly introduced as a fix for a problem identified in the field.
When defining a new system including CA and DC, learnings from LTE should be considered. As NR is a new wireless system, introduction of UE autonomous interrupts as such should not be introduced as default (i.e. just because defined in LTE). Instead there should be clearly defined rules and requirements related to potential reception (and transmission) glitches caused on UE on one RF chain side due to operational status change on second RF chain.
Observation 2: As NR is a new wireless system, there is an opportunity to avoid UE autonomous interruptions during measurements on deactivated NR SCells, and this option should be studied further.
In the following, we propose a solution that will deal with UE need for RF pulling in a controlled manner in NR.
2.2 Introducing network-indicated measurements on deactivated SCells
To make the overall system more controlled and predictable, we propose a method which can address both the aspect of some UE types causing pulling on active RF chain when the operation status of another RF chain changes, and accounting such impact on system level in a controlled manner, and not introducing UE autonomous gaps.
This would be done by having the network to 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 instance in time domain for performing the measurements on deactivated SCells. 
UEs which have indicated to the network that they cause pulling on RF chain status change will get such measurement instance indication from the network. The measurement occasion related to a given SCell (or carrier) can be configured so that when the UE is configured with the SCell, the network can include SSB measurement time information. This would require related signaling to be supported by the RRC signaling. 
Proposal 1: A method where network indicates to the UE which SMTC on a given deactivated SCell the UE shall use for SSB-based measurements is to be considered for NR SCells.
The benefit of this solution would be that the network now knows which UEs cause pulling and on which SSB they measure, so the network will know when the UE will not be able to receive (or transmit) due to pulling. The uncertainty in time domain due to measurements in deactivated NR SCells would disappear, and 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. How to account such impact in the gNB scheduler may be left for gNB implementation. 
Observation 3: 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 because of that.
As an example, one approach with SSB periodicity set as 20 ms for all cells is shown in Figure 1. In the example, network has indicated measCycleScell as 160ms, and also indicated the UE which SSB on each SCell the UE shall use for measuring the deactivated SCell. Illustrated is also potential glitches on active RF chain (PCell) caused by status change of 2nd receiver (SCell1 or SCell2). These are illustrated as gaps (not all illustrated). As such the ‘gaps’ in the figure should not be seen as gaps in the sense known from legacy systems where gaps are configured by the network.
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Figure 1: Example implementation.
The only interruption that is caused to other cells by the network-indicated measurement should happen on the ‘gaps’ in Figure 1. The interruption shall thus be only 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. Network knows when this will happen, so it can avoid scheduling the UE at these time instances.
Proposal 2: The SMTCs the UE shall use for measurements on deactivated NR SCells shall be indicated to the UE by the network when the SCell is configured.
2.3 Specification impact
The proposed solution should be introduced as a separate section to 38.133, where the method is described from RAN4 perspective. 
As the measurement instances are indicated by the network to the UE, changes are also required to RAN2 specifications, at least to RRC signaling requirements in 38.331. Thus, if RAN4 agrees to introduce this solution, RAN2 needs to be informed about the agreements by an LS.
Observation 4: The proposed solution would require changes to at least TS 38.133 and TS 38.331.
Furthermore, introducing this solution would reduce the amount of UE autonomous interruptions that need to be included in the corresponding sections in 38.133 and 36.133. The applicability of the requirement for NSA and SA is the following:
NSA: The proposed solution is applicable to NR cells only. Measurements on deactivated LTE SCells still cause 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 UE autonomous interruptions do not need to be specified for this.
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 autonomous interruptions do not need to be specified for this.
Our TP [1] introduces a way to capture the new requirements in 38.133. It should be noted that these requirements are only needed in Rel-15, if NR SCells are part of the specification in this release. Draft LS to explain the solution to RAN2 is prepared in [2].
For rest of the events causing interruptions, we have presented our text proposals in [3] and [4].
Proposal 3: Introduce the network-indicated measurement solution proposed in this contribution to 38.133.
Proposal 4: LS is sent to inform RAN2 (and RAN1) about the new solution.
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. Within the discussion we have made the following observations and proposals:
[bookmark: _GoBack]Observation 1: Without any further definitions, SSB-based measurements in NR cause UE autonomous interruptions in similar manner as measurements in LTE.
Observation 2: As NR is a new wireless system, there is an opportunity to avoid UE autonomous interruptions during measurements on deactivated NR SCells, and this option should be studied further.
Proposal 1: A method where network indicates to the UE which SMTC on a given deactivated SCell the UE shall use for SSB-based measurements is to be considered for NR SCells.
Observation 3: 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 because of that.
Proposal 2: The SMTCs the UE shall use for measurements on deactivated NR SCells shall be indicated to the UE by the network when the SCell is configured.
Observation 4: The proposed solution would require changes to at least TS 38.133 and TS 38.331.
Proposal 3: Introduce the network-indicated measurement solution proposed in this contribution to 38.133.
Proposal 4: LS is sent to inform RAN2 (and RAN1) about the new solution.
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