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1 Introduction

In the RAN2#83bis meeting, DRX in dual connectivity was discussed and the follow working assumptions were agreed:

1. Separate DRX configurations should be supported for MeNB and SeNB.

2. Separate DRX operations (timers and active time) should be allowed for MeNB and SeNB.
In RAN2#84 meeting, there is further agreement that “from UE power consumption point of view, DRX coordination would be beneficial”.

In this contribution, we will give our considerations on the, DRX coordination.
2 Discussion  
In the last RAN2 meeting, it was discussed how to obtain the SFN offset between MeNB and SeNB when considering asynchronous network nodes. LS was sent to RAN3 and RAN4 of the feasibility and the validity of a solution based on SFN offset determination over the network interface. The primary reason for the eNB to know of the other eNB SFN offset is for the DRX and measurement gap coordination. DRX coordination between the two eNBs was intended for the optimisation of the UE power consumption. 

In the last RAN2 meeting, it was agreed to provide the MeNB radio configuration to the SeNB. The SeNB radio configuration is transmitted via the MeNB, therefore MeNB is aware of the SeNB radio configuration. With the above agreement, both eNBs are aware of the UEs radio configuration used in other eNB. As such the DRX configuration used at both eNBs are available to the both MeNB and SeNB. If DRX coordination is to be performed, the currently available radio configuration can be used by either of eNBs in DRX coordination.
Observation 1: eNB radio configuration is available at the other eNB which can be used for DRX coordination at either of eNBs.

Even though it was considered that DRX coordination may be useful for UE power saving, what level of DRX coordination is sufficient or beneficial for the UE operation was not discussed. 

The DRX operation is controlled by configuration of timers for onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, longDRX-Cycle, value of drxStartOffset and optionally drxShortCycleTimer and shortDRX-Cycle. The transition between the short DRX cycle, the long DRX cycle and continuous reception is controlled either by statues of the above timers or by explicit commands from the eNodeB. The UE monitors the PDCCH during the ‘On Duration’ period of either the long DRX cycle or the short DRX cycle. When a scheduling command is received during an ‘On Duration’, the UE starts an ‘Inactivity Timer’ and monitors the PDCCH in every subframe while the Inactivity Timer is running. During this period, the UE can be regarded as being in a continuous reception mode. Whenever a scheduling message is received while the Inactivity Timer is running, the UE restarts the Inactivity Timer, and when it expires, the UE moves into a short DRX cycle and starts a ‘Short DRX cycle timer’. When the short DRX cycle timer expires, the UE moves into a long DRX cycle. Based on the DRX procedure, most of active times are controlled by the scheduling. Considering that there are distributed schedulers in MeNB and SeNB and the behaviour of the UE activity and the active time of the UE is unpredictable. Therefore, even when the DRX parameters are coordinated in the DRX configuration, whether the UE be in active time in both eNBs at the same time cannot be predicted. The usefulness of DRX coordination at active time level from the UE power saving perspective is questionable.   
However the DRX coordination at long DRX cycle level may show some usefulness in terms of UE power saving and/or scheduling.  Long DRX configuration can be used to determine the time the UE enters the long DRX cycle and also the on duration.  If the eNB could know or predict the UE DRX state (ie. Whether the UE is in long DRX or not )in the other eNB and the potential UE activity at the other eNB, the information could be used in efficient scheduling of the UE in the corresponding eNB. For DL transmission, if the UE is in long DRX in the other eNB, the UE can be scheduled with full UE capability in the current cell. On the other hand, the eNB could use the long DRX configuration to align the DRX cycle in both eNBs hence assisting optimisation on the UE power consumptions. 
In addition, the uplink power management is one issue to be solved in dual connectivity system. For one UE configured with DC, it will have uplink transmission towards the MeNB and SeNB simutenouly, the total transmission power of a UE is shared by the two eNBs. Currenlty, there is discussion in RAN1 whether the dynamic power sharing is supported and how it is supported, Due to the distributed scheduler in MeNB and SeNB connected with non-ideal backhaul. If the latency of the non-ideal backhaul is high, then it is not possible to exchange the scheduling information, thus it is hard to coordinate the scheduler to meet the maximum transmission power requirement with the dynamic power sharing. If the status of UE entering the long DRX state is known at both eNBs, and assuming that the UL activities of the UE while in long DRX may not be high, the eNB may use the UL transmission predictability in other eNB in UL power control. 

All the possible use of know DRX configuration for optimisation of the UE communication in one eNB depends on the eNB scheduler implementation. 
Observation 2: how to use the known DRX configuration for the UE power saving or the scheduling of the UE is upto the eNB implementation. 

Even though the eNB is aware of the UE DRX configuration in the other eNB, the status of the UE entering the long DRX cannot be derived at the other eNB based on the available DRX configuration. This is because the entering the long DRX depends on the UE activity and after the UE is inactive for a period of time, the UE enters the long DRX. In order to use the status of Ue entering the long DRX in scheduling and power control, the status of the UE entering the long DRX should be provided to the other eNB. the status of the UE entering the long DRX in one eNB can be provided to the other eNB over the X2 interface. Other option is to provide the UE status of entering the long DRX to the other eNB by the UE.  

Proposal 1: RAN2 to discuss the need for providing the UE status of entering long DRX in one eNB to other eNB for used by the eNB in performing DRX coordination, efficient scheduling and possibly for power control. 

3 Conclusions

This contribution discusses the considerations on the DRX configuration coordination. The following observation and proposals were made:
Observation 1: eNB radio configuration is available at the other eNB which can be used for DRX coordination at either of eNBs.

Observation 2: how to use the known DRX configuration for the UE power saving or the scheduling of the UE is upto the eNB implementation. 

Proposal 1: RAN2 to discuss the need for providing the UE status of entering long DRX in one eNB to other eNB for used by the eNB in performing DRX coordination, efficient scheduling and possibly for power control. 
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