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1. Introduction

In RAN4#71 in Seoul discussions on the potential impact on RRM requirements from introducing Dual Connectivity were carried out [8]. 
In this paper we continue the discussion on one of the foreseen impacts on the UE RRM requirements. We will look in more details on the need for UE power saving and discuss the need for some UE types to have certain relaxations or solution in order to enable power savings while causing interrupts due to implementation design and  the introduction of Dual Connectivity. As RAN2 has not yet completed the work on all aspects and details related to this topic but we anyway see that there is enough common understanding to start the RAN4 related discussion. 
2. Considerations on interrupts in DC
It has been agreed by RAN2 [3] that special SCell (PSCell) cannot be deactivated i.e. it is always activated. In DC there is UL at least in on PSCell in the SCG. Additionally the DRX operation is said to be CG specific i.e. MeNB cells and SeNB cells can have same or different and independent DRX operation.
DRX in DC and PCell interrupts:
As discussed in [8] we expect that at least one area where the DC operation is expected to differ significantly from the basic CA operation is in the handling the connected mode DRX. In CA the DRX configuration and operation is common for all activate cells i.e. DRX all serving cells (PCell and SCell(s)) is synchronized.

In DC MCG and SCG are not necessarily having synchronized DRX as known from CA. In CA the active time is the same on PCell and all activated SCell. In DC the DRX configurations in MCG and SCG are assumed to be separate such that active time in MCG and SCG are not necessarily synchronized. The DRX operations in MCG and SCG are assumed to be independent, e.g., the inactivity timers are independent and active time independent although from power consumption point of view it may be beneficial to coordinate the configurations of the DRX cycles and onDurations. 
Thus the activity in transceivers may differ in different CG’s (e.g. due to different data activity). Due to the differences in the DRX pattern between the CGs expected to be defined for DC compared to CA, the measurement requirements defined for CA may need to be revisited or new requirements may need to be developed for DC.
Observation 1: Additional measurement requirements may be needed for DC.
The topic of PCell interruptions due to change in SCell activity has been discussed lengthy in RAN4 and the problem is quite well known. So far this discussion has only been considering CA and the potential interrupt impact from the UE performing measurements on deactivated SCell. We expect similar situations and challenges will occur also for DC.

There are similarities between DC and CA. E.g. both PCell and PSCell can have SCells configured. It is expected that the requirements for SCells could be rather similar considering e.g. activation and deactivation as well as measurements for deactivated SCells. 
Observation 2: It is expected that interrupts in DC may happen on PCell and PSCell due to SCell operations as known from CA.

It is expected that similar interrupt scenarios will be present for DC and for CA – and for DC the interrupts may even happen on MeNB as well as on SeNB due to SCell operation on SCG or MCG. We think this is one open question that needs to be discussed in RAN4 – namely can it be specifically excluded that PSCell operations (configuration and de-configuration and measurements) causes interrupts on PCell.
Proposal 1: RAN4 should discuss whether SCG operations causes MCG interrupts or if this can be excluded.

Proposal 2: RAN4 should discuss whether MCG operations causes SCG interrupts or if this can be excluded.

We believe that RAN4 could start using CA requirements and assumptions as baseline for DC requirements and analyse if there is a need for additional requirements due to DC operations.

Proposal 3: Use CA interrupts requirements as baseline for developing potential requirements for DC interrupts.

As mentioned one significant difference between DC and CA is the possibility of having different independent DRX applied in MCG and SCG. Thinking the similarities between DC DRX operation and the measurement of deactivated SCell in CA, the obvious question that needs to addressed is the impact from MCG and/or SCG transceiver state change (on/off) in terms of causing interrupts on an already active MCG and/SCG transceiver chain. 
From DRX point of view we would expect that similar interrupts could occur for similar UE architecture types as discussed causing interrupts in CA frame work. For DC and DRX the interrupts might be rather unpredictable as DRX is flexibly controlled by the ongoing scheduling. Therefore we see that a possible impact from interrupts in DC due to DRX causing transceiver state changes might be significant. Therefore RAN4 should start discussing how to address interrupts caused by DRX in DC in order to find a suitable solution. Initially RAN4 should discuss and agree whether MCG or SCG DRX can cause interrupts on other CG or if this can be excluded.
Proposal 4: RAN4 should discuss and decide whether MCG or SCG DRX can cause interrupts on other CG or if this can be excluded.

RAN4 is expected to make generic specifications and requirements which are not favouring or limiting any specific UE implementations especially if such alternatives are positive for the ecosystem in general. Therefore, we find it important to analyse the impacts from potential interrupts in DC already from the initial phase of the requirements discussion and definitions for DC. This way RAN4 can develop requirements such that full system benefits can be achieved from the DC feature independent from UE implementations. 
Based on earlier interrupt discussions in RAN4 it seems very likely that for DC there is a need to consider and study the implications of the possible asynchronous transceiver activity behaviour may have on interrupts. 
Observation 3: Early recognition of new interrupt scenarios for DC in RAN4 would be beneficial in order to address the requirements in an early phase such that proper solutions can be identified.
3. Conclusion

In this contribution we have continued the discussion related to RRM requirements for Dual Connectivity, specifically looking at the impacts of independent activity in MCG and SCG. RAN2 work is still ongoing, but some conclusions have been reached and information provided for RAN4 [3]. Based on this information it is clear that there are some areas where RAN4 can start its initial consideration and discussions. Based on this information and discussions we have made following observations:

Observation 1: Additional measurement requirements may be needed for DC.

Observation 2: It is expected that interrupts in DC may happen on PCell and PSCell due to SCell operations as known from CA.

Observation 3: Early recognition of new interrupt scenarios for DC in RAN4 would be beneficial in order to address the requirements in an early phase such that proper solutions can be identified.

Furthermore following the implications of the decisions made by RAN2 and earlier work on RAN4 in CA area following proposals are made for areas to RAN4 to work on:

Proposal 1: RAN4 should discuss whether SCG operations causes MCG interrupts or if this can be excluded.

Proposal 2: RAN4 should discuss whether MCG operations causes SCG interrupts or if this can be excluded.
Proposal 3: Use CA interrupts requirements as baseline for developing potential requirements for DC interrupts.

Proposal 4: RAN4 should discuss and decide whether MCG or SCG DRX can cause interrupts on other CG or if this can be excluded.
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