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1 Introduction
In RAN2#84 meeting, it was acknowledged that DRX coordination is beneficial for UE power saving purpose. This paper will further identify parameters which are necessary to be exchanged or configured during DRX coordination and analyze and compare a few options of DRX coordination procedures over X2 interface.
2 Discussion
2.1 Parameters to be coordinated
In the last RAN2 meeting, it was shown in [1]-[2] that the DRX coordination between MeNB and SeNB may save UE power consumption not only for UE with single UE RF chain but also for UE with dual UE RF chains. The analysis in this section investigates further what kind of information needs to be exchanged in DRX coordination and how parameters should be configured accordingly.

For the power saving purpose, it is preferred to synchronize UE’s ON duration associated with MeNB and UE’s ON duration associated with SeNB as much as possible, as already discussed in [1]. In particular, the start moments of UE’s ON duration need to be aligned whenever possible. Consequently parameters longDRX-Cycle and drxStartOffset are essential for DRX coordination. If shortDRX configuration is present, two more parameters, shortDRX-cycle and drxShortCycleTimer, need to be exchanged/coordinated, because they also contribute to UE’s decision on the start of DRX cycle. As of other parameters, such as drx-Inactivity Timer and drx-Retransmission Timer, their impact on UE’s ON duration is highly dependent on the dynamic traffic load and eNB’s scheduling decision. Thus, the exchange of these parameters could not bring significant or reliable benefit to the alignment of UE’s ON duration. Hence, it is not necessary to coordinate other DRX parameters. 
Proposal 1: DRX coordination parameters include longDRX-Cycle, drxStartOffset, shortDRX cycle (if shortDRX configuration is present) and drxShortCycleTimer (if shortDRX configuration is present). Other DRX parameters are not needed for DRX coordination.

The general guidelines to coordinate the configuration of those DRX parameters is that UE’s start time in each DRX cycle shall be synchronized as much as possible among eNBs. Therefore, it is desirable that the length of UE’s DRX cycle associated with one eNB is the same as or multiple times of the length of UE’s DRX cycle associated with another eNB. 

Proposal 2: The coordinated DRX parameters should be configured such that the DRX cycle of one eNB is the same as or multiple times of the DRX cycle of another eNB.
The alignment of start time of DRX cycle associated with each eNB is not only determined by the DRX coordination parameters above, but also determined by the SFN in MeNB and SeNB. In order to align the start time of DRX cycle associated with different eNBs, a common SFN initialization time may be provided to MeNB and SeNB. Alternatively, information related to the relative SFN offset between MeNB and SeNB, may be obtained, such that MeNB and/or SeNB could set drxStartOffset properly. Actually similar SFN issue was discussed in R11 eICIC before, and the conclusion was: SFN synchronization issue could be handled through OAM operation or network implementation. The same principle can be applied to DRX coordination, i.e., the DRX coordination is a best-effort procedure from network implementation.
Observation 1: For DRX coordination, SFN synchronization issue may be handled through OAM operation or network implementation, and the DRX coordination is a best-effort procedure. 
2.2 The coordination procedure
 Working assumptions on DRX as agreed in RAN2#83bis are:

· Separate DRX configurations should be supported for MeNB and SeNB;
· Separate DRX operations (timers and active time) should be allowed for MeNB and SeNB. 
Based on the above assumptions, both MeNB and SeNB have the functionality of configuring UE DRX parameters by itself. Thus, there are at least the following two potential options for DRX coordination procedure:
Option 1: MeNB and SeNB exchange UE’s DRX parameters, i.e., MeNB sends its UE DRX parameters to SeNB, and SeNB sends its UE DRX parameters to MeNB;
Option 2: MeNB guides SeNB’s DRX configuration for the UE, e.g., MeNB provides candidate DRX parameters for SeNB to choose from.
With Option 1, MeNB and SeNB configure UE’s DRX parameters independently, but may consider the input information on DRX configuration from the other eNB. This option may be used as the baseline procedure for DRX coordination. For example, if MeNB configures UE’s DRX parameters first and an SeNB is added later for off loading purpose, it is beneficial for the SeNB to know MeNB’s DRX configuration for the UE. The SeNB may apply appropriate DRX parameters to the UE, e.g., the DRX cycle of the SeNB is the same as or multiple times of the DRX cycle of MeNB. In addition, the information about SeNB’s DRX parameters could also help MeNB configure SeNB’s RRM measurement parameters [3], because the measurement period is different in DRX mode and non-DRX mode. Hence, it is necessary for SeNB to send its DRX parameters to MeNB. Therefore, Opiton 1 is a baseline procedure for DRX coordination. 
Proposal 3: The exchange of DRX parameters between MeNB and SeNB is the baseline procedure for DRX coordination.
Though it is possible that MeNB has the authority to interpret the radio resource configuration of SeNB but then decide to reject SeNB’s configuration, a simple DRX rejection issued by MeNB to SeNB is not efficient to help SeNB come up with the appropriate DRX parameters promptly. Since MeNB has more configuration capability and is mainly responsible for UE overall performance, Option2 may be used as an enhancement procedure on top of Option 1. With Option 2, MeNB could suggest a set of candidate DRX parameters to SeNB, and SeNB could choose one from the candidate set.
Proposal 4: As an enhancement, MeNB could suggest a set of candidate DRX parameters to SeNB and SeNB could choose one from the candidate set.
3 Conclusion
In this contribution, we analyze the necessary parameters for DRX coordination and the candidate DRX coordination procedures, and the following observations and proposals are made:
Observation 1: For DRX coordination, SFN synchronization issue may be handled through OAM operation or network implementation, and the DRX coordination is a best-effort procedure. 
Proposal 1: DRX coordination parameters include longDRX-Cycle, drxStartOffset, shortDRX cycle (if shortDRX configuration is present) and drxShortCycleTimer (if shortDRX configuration is present). Other DRX parameters are not needed for DRX coordination.

Proposal 2: The coordinated DRX parameters should be configured such that the DRX cycle of one eNB is the same as or multiple times of the DRX cycle of another eNB.
Proposal 3: The exchange of DRX parameters between MeNB and SeNB is the baseline procedure for DRX coordination.

Proposal 4: As an enhancement, MeNB could suggest a set of candidate DRX parameters to SeNB and SeNB could choose one from the candidate set.
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