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1. 
Introduction

In the RAN2#84 meeting, the following was concluded:

· From UE power consumption point of view, DRX coordination would be beneficial.
The benefits of DRX coordination and the options available for coordination were illustrated in [5] which also mentioned the DRX parameters that may need to be exchanged between MeNB and SeNB.
In this contribution, we request RAN2 to agree on the necessity of X2 support for exchanging DRX parameters necessary for DRX coordination between MeNB and SeNB and send an LS to RAN3 to include this support.
2. 
Discussion

The following sections contain the parameters to be part of the DRX parameter coordination, the timings where signalling for such a coordination is necessary and the details of the signalling. 
2.1. DRX Parameters to be coordinated 
To configure DRX, the eNB needs to specify the value of the following timers and parameters which determine static PDCCH monitoring by the UE:
1. onDurationTimer

2. longDRX-Cycle
3. startOffset
4. shortDRX-Cycle
These four parameters determine the non-dynamic PDCCH monitoring depending only on the onDurationTimer running status. The other DRX parameters determine dynamic behaviour based on DL/UL activity.

By coordination of the first four parameters across the two eNBs, we mean a configuration where overlap of the DRX onDurationTimer running in the two eNBs is maximized. This could be achieved by choosing the cycle length in one eNB to be equal to or a multiple of the cycle length in the other and using the same cycle offset with respect to the cycle length. This is possible whenever MeNB and SeNB are aware of the radio frame and sub frame offset between the two eNBs. One cycle length can be set to a multiple of the other when the eNBs carry independent bearers such as in U-plane architecture 1A [1] also possible in 3C[1]. Equal cycle lengths can be used when both the eNBs carry similar traffic. 

DRX configuration can optionally have a short cycle configured. In case if both eNBs have short cycles configured, the short cycles as well as long cycles across the two eNBs need to be coordinated. 

A UE may transition to short and long DRX with each eNB independently depending on the DL/UL activity in the corresponding eNBs. Long DRX-Cycle length is always a multiple of shortDRX-Cycle (until in Rel 11). As long as short and long DRX parameters of the two eNBs are co-ordinated, start of long DRX on time with one eNB will overlap with the start of short DRX on duration with another eNB. For many of the DRX cycle values configurable by RRC, this is automatically guaranteed.  Until release 10, short cycle lengths and long cycle lengths are either equal to 2x or 5*2x subframes, where x is a non-negative integer. Release 11 adds short cycle value of 4 subframes which still follows the rule and long cycle values of 60 and 70 subframes which do not follow the rule). If both the short cycle lengths and long cycle lengths are chosen from only 2x, coordination of DRX cycle is ensured. However, offsets need to be chosen to have the active times due to onDuration timer overlap. Similarly if all the cycle lengths are chosen from only 5*2x, coordination can be guaranteed. Choosing parameters from different sets requires careful selection to ensure coordination.

The two eNBs need not be sub frame aligned, but the 2 eNBs need to be aware of the time offset between the two eNBs. In section 1.2 we described methods by whichthe eNBs can acquire time offset between two eNBs. 
Observation 1: The DRX paramters onDurationTimer, longDRX-Cycle, startOffset and shortDRX-Cycle need to be coordinated across the MeNB and SeNB to ensure that the overlap of the on durations on the two eNBs is maximized.

Observation 2: The two eNBs need not be subframe aligned but the 2 eNBs need to be aware of the frame/subframe time offset between the two eNBs  

Observation 3: The exchange of these parameters will not need a low latency backhaul as this exchange is not time-critical

Proposal 1: RAN2 should agree on the necessity of X2 support for the exchange of these DRX parameters between the MeNB and SeNB and send an LS to RAN3.
2.2. When DRX parameter co-ordination is required
DRX parameter negotiation between the eNBs needs to happen only once at the establishment of the X2 link between the 2 eNBs until the DRX parameters are not changed or released by any of the eNBs or there is MeNB/SeNB handover. 

The possible timings of the negotiation are enlisted below:

1. SeNB addition

2. MeNB-initiated MeNB DRX reconfiguration or release

3. SeNB-initiated SeNB DRX reconfiguration or release
4. MeNB handover

5. SeNB handover

2.3. Time alignment between eNBs 

When the eNBs are connected via high latency backhaul and are not time synchronized, the method that can be used to acquire the frame/subframe timing offset between the two eNBs is given below. Once the eNBs are aware of time offset between the eNBs the DRX parameters can be coordinated.

· The individual eNBs can time stamp their frame timings with respect to a global timing reference. They can then share with each other this timestamp whenever their frame timing changes. 
Proposal 2: RAN2 should discuss and agree on a method to acquire radio frame and sub frame misalignment between the eNBs connected by non-ideal backhaul. 
3. Conclusion

Observation 1: The DRX paramters onDurationTimer, longDRX-Cycle, startOffset and shortDRX-Cycle need to be coordinated across the MeNB and SeNB to ensure that the overlap of the on durations on the two eNBs is maximized.

Observation 2: The two eNBs need not be subframe aligned but the 2 eNBs need to be aware of the frame/subframe time offset between the two eNBs  

Observation 3: The exchange of these parameters will not need a low latency backhaul as this exchange is not time-critical

Proposal 1: RAN2 should agree on the necessity of X2 support for the exchange of these DRX parameters between the MeNB and SeNB and send an LS to RAN3.

Proposal 2: RAN2 should discuss and agree on a method to acquire radio frame and sub frame misalignment between the eNBs connected by non-ideal backhaul. 
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