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1 Introduction
In Rel-12 the concept of dual connectivity is proposed to be added where the UE is connected to multiple eNBs at one time. In this contribution we discuss how DRX should be handled in the context of dual connectivity.
2 Discussion
Below it will be discussed if the DRX configuration should be per UE or per eNB and whether DRX Active time should be per UE or per eNB.
2.1 DRX configurations

A suitable DRX configuration depends on the traffic type for a UE, the mobility of the UE, distribution of UEs in time, etc. In dual connectivity the UE is using radio resources from multiple eNBs to which e.g. the traffic type can be different hence a suitable DRX configuration may be different for the different eNBs. 
For example, for SeNB a suitable DRX cycle may be 32 ms while for the MeNB a suitable DRX cycle may be 128 ms. This scenario can occur e.g if there are different types of bearers associated with different eNBs. If only one common DRX configuration is supported for MeNB and SeNB, the UE would either be configured with a DRX cycle of 32 ms or 128 ms. If 32 ms DRX cycle is selected it would mean that the UE will be required to be awake w.r.t. MeNB every 32 ms which would waste UE power. If, on the other hand, 128 ms DRX cycle is selected, the UE would not be awake as often as would be suitable w.r.t. the SeNB which will increase delay and could also reduce e.g. HO performance.
One DRX configuration for the UE also creates dependencies between the DRX configurations possible between different eNBs and thus also limits the eNB flexibility. For example, considering DRX offset, for the eNB it would be good to distribute those among different UEs to balance load. Then if DRX offsets would be coordinated over different eNBs, it would mean that the eNB could not be responsible for its radio resource management as this would be dependent of configurations in the other eNBs. The situation comes even worse when the SeNB is connected to many eNBs acting as MeNBs for different UEs, or vice versa, the MeNB is connected to many SeNBs. It should however be understood that with per eNB DRX configurations it is possible to configure the UE with the same DRX configuration when this is wanted.
Proposal 1 Independent DRX configurations should be supported for MeNB and SeNB.
2.2 Active time

In this section we will discuss whether the UE would have separate DRX Active time for each eNB or would the UE have single DRX operations and active time. In the first case the UE monitors PDCCH of each eNB independently whereas in the second case it monitors PDCCH of all eNBs simultaneously.
2.2.1 Per UE active time
In this alternative the UE is either in active time w.r.t. both MeNB and SeNB or the UE is not in active time w.r.t. both MeNB and SeNB. This would result in that as long the UE is in active time w.r.t. one eNB the UE needs to be in active time w.r.t. the other eNB. The UE would also monitor PDDCH of each eNB simultaneously. This is shown in the example in Figure 1.
Current DRX Active time depends on scheduling decisions and received UL/DL assignments as these triggers start of drx-InactivityTimer. Due to the long backhaul delay and independent scheduling in the MeNB and SeNB, one the eNBs (eNB1) cannot know if the UE was scheduled in the other eNB (eNB2) and Active time was extended due to this. With “per UE Active time” approach the UE would monitor PDCCH of eNB1 unnecessarily and hence UE power is wasted. In addition, for proper DRX operation it is very important that the UE and the network states are synchronized.
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2.2.2 Per eNB active time
In this alternative the UE will determine its active time per eNB basis. E.g. the UE may be active w.r.t. SeNB while not being in active time w.r.t. MeNB. This is illustrated in Figure 2.

This alternative allows for greater power savings in the UE as the UE is not required to monitor PDCCH of  the MeNB just because the UE is monitoring PDCCH of the SeNB and vice versa. 
It should be noted that if this alternative is chosen as the way forward it would still be possible to implement a UE to behave as in the alternative in 2.2.1. I.e. nothing prevents the UE from monitoring PDCCH of both MeNB and SeNB even though the network only expects it to monitor PDCCH of e.g. SeNB. 

Per eNB active time can be most easily realize be introducing separate DRX timers and DRX state for each eNB.
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Based on above discussion we propose:
Proposal 2 Independent DRX (timers and active time) should be allowed for MeNB and SeNB. 
3 Conclusion

We have in this contribution discussed DRX in the context of dual connectivity and we propose the following:
Proposal 1
Independent DRX configurations should be supported for MeNB and SeNB.
Proposal 2
Independent DRX (timers and active time) should be allowed for MeNB and SeNB.


Figure � SEQ Figure \* ARABIC �1�: Per UE active time example.





Figure � SEQ Figure \* ARABIC �2�: Per eNB active time example.
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