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1 Introduction

The following agreements have been achieved in former meetings for DRX operation in dual connectivity:
1. Separate DRX configuration and operation should be support for MeNB and SeNB;
2. DRX coordination would be beneficial from UE power consumption point of view.

In this contribution, we will mainly discuss the method for DRX coordination between MeNB and SeNB, as well as the influence brought by the separate DRX configuration and operation.
2 Discussion
2.1 DRX coordination between MeNB and SeNB
For DRX coordination, the principle is to make the active times caused by the two different DRX configuration overlap each other. This could be achieved by adjusting the DRX parameters, and the more overlapping the more power consumption. Therefore, two issues should be focused on: 1. Whose DRX parameters should be adjusted and by which eNB? 2. How to fulfill the adjustments?
2.1.1 Whose DRX parameters should be adjusted and by which eNB?
In dual connectivity, the adjustment should be fulfilled by MeNB, and the object of adjustment should be the DRX parameters configured by MeNB, and the reasons are following:
1. From the perspective of user plane, the Small Cell on SeNB contributes to the per-user throughput more than Macro Cell on MeNB in most case, since the UE may always get enough radio resources for less UE while more RF resource in small cell. Therefore, the MeNB should set the DRX configuration based on SeNB’s.
2. From the perspective of control plane, X2 interface signallings for coordinating SeNB-configured DRX configuration could be avoided.
3. From the perspective of QoS, the MeNB knows the QoS parameters of all the bearers in dual connectivity, so it is very convenient for MeNB to decide its DRX configuration based on the QoS demands of its bearers and the DRX configuration of SeNB.
Proposal 1: The MeNB should adjust its DRX parameters based on the DRX configuration set by SeNB.
2.1.2 How to fulfill the adjustments?
Generally, there are two different methods for MeNB to execute the coordination procedure.
1. If the radio configuration of SeNB could be comprehended, the MeNB could get the SeNB DRX configuration and set its own DRX configuration based on these parameters.
2. If the radio configuration of SeNB could not be comprehended, the MeNB needs extra parameters provided by SeNB and set its own DRX configuration based on these extra parameters.
Also in both methods above, the MeNB could choose to set its own DRX configuration ignoring that of SeNB, for example, in scenario that the data transmission between UE and Macro Cell is also very frequent compared to transmission between UE and Small Cell.
For the first method, it could be realized by eNB implementation, namely, both the acquisition of SeNB DRX configuration and the set of MeNB DRX configuration could be implemented by MeNB itself without any standardized information. On the contrary, standardized information representing the SeNB DRX configuration is needed in the second method, so the standardization regarding this information is necessary.
Proposal 2: The two methods corresponding to whether MeNB could comprehend the radio configuration of SeNB should be considered.
2.2 Influence brought by separate DRX configuration and possible solutions
2.2.1 Influence brought by separate DRX configurations
In the current specification, the Measurement and Radio Link Monitoring have close relation with the DRX cycle, that is, the Measurement Period (MP) and Evaluation Period (EP) will be extended based on the DRX cycle in use. So, with two separate DRX configurations in Dual Connectivity, it must be decided that which DRX cycle should be taken as the basis to extend the MP for measurement of frequencies within or out of scope of dual connectivity and the EP for radio link monitoring of connectivities between UE and both eNBs. 
According to current specification, a dual connectivity UE shall extend its MP and EP based on the DRX cycle configured by MeNB (serving cell). So there may be different influences caused by separate DRX configurations for different scenarios below:
1. Scenario 1: The DRX cycle configured by MeNB is similar or shorter than the one configured by SeNB.
2. Scenario 2: The DRX cycle configured by MeNB is longer than the one configured by SeNB.
In scenario 1, the data transmission between UE and Macro Cell is similar or more frequent than that between UE and Macro Cell. Further, the measurement performance for mobility required by MeNB is similar or higher than SeNB, and so is the monitoring performance required by MeNB. Therefore, taking the DRX cycle configured by MeNB as the basis to extend the MP for measurement and the EP for radio link monitoring could fully satisfy the requirement by SeNB, in addition to MeNB.
In scenario 2, the data transmission between UE and Small Cell is (much) more frequent than that between UE and Macro Cell. Further, the measurement performance for mobility required by SeNB is higher than that by MeNB, and so is the monitoring performance required by SeNB. Therefore, if the DRX cycle configured by MeNB is taken as the basis, the MeNB could not promptly obtain the measurement and the radio monitoring results of Small Cell, which would lead to mobility problem and/or RLF in small cell.
Besides, scenario 2 mentioned above may be dominant over scenario 1 in dual connectivity. Further, the problem proposed in scenario 2 could not be solved by DRX configuration coordination since the principle of the coordination is more active time overlapping but not making the two DRX configurations similar to each other. Therefore, other solutions should be figured out.
Observation 1: Two separate DRX configurations may lead to mobility problem or RLF in small cell in the scenario 2 mentioned above.
2.2.2 Solutions
For Radio Link Monitoring the UE could monitor the radio links according to the EP extended based on the DRX configurations set by MeNB or SeNB respectively, since the agreement has been achieved in the last meeting that the UE could report S-RLF to MeNB.
Proposal 3: The UE should monitor the radio links according to the EP extended based on the DRX configurations set by MeNB or SeNB respectively.
For measurement in dual connectivity the main reason for the problem proposed in scenario 2 is that the purposes of measurements are different for Macro Cells and Small Cells. 
The main purpose of measurements for Small Cells is to improve and guarantee the per-UE throughput, by adding new small cells of the same SeNB to DC, keeping the mobility robustness between small cells, and avoiding the possible RLF in small cells. So it seems that the short DRX cycle configured by SeNB should be adopted in dual connectivity. However, with this DRX cycle in scenario 2, the Macro Cell measurements performed by UE could be more frequent which would lead to more signallings in air interface and more power consumption. Therefore, the short DRX cycle configured by SeNB could not be taken by UE for Macro Cell measurements in scenario 2.
The main purpose of measurement for Macro Cells is ensuring the UE mobility robustness between MeNBs. So the DRX cycle configured by MeNB could be adopted and measurements performed based on the MP according to this cycle are enough for keeping the mobility robustness, no shorter DRX cycle needed. However, this DRX cycle could not be adopted by UE for Small Cell measurement in scenario 2 for the proposed problems. Therefore, the DRX cycle configured by MeNB also could not be taken by UE for Small Cell measurements in scenario 2.
Observation 2: In dual connectivity, the DRX cycle configured by one eNB could not be taken as the basis by UE for the measurements of the cells belonging to the other eNB.
Based on the analysis above, the UE could perform measurements for Macro Cell according to the DRX cycle configured by MeNB and perform measurements for Small Cell according to the DRX cycle configured by SeNB. With this method, the problem proposed in scenario 2, the extra signallings and the extra power consumption could be prevented and the per-UE throughput and the MeNB mobility robustness could be ensured.
Proposal 4: The UE should perform measurements for Macro Cells and Small Cells based on the DRX cycle configured by MeNB and SeNB respectively.
3 Conclusion 
Proposal 1: The MeNB should adjust its DRX parameters based on the DRX configuration set by SeNB.

Proposal 2: The two methods corresponding to whether MeNB could comprehend the radio configuration of SeNB should be considered.

Observation 1: Two separate DRX configurations may lead to mobility problem or RLF in small cell in the scenario 2 mentioned above.

Proposal 3: The UE should monitor the radio links according to the EP extended based on the DRX configurations set by MeNB or SeNB respectively
Observation 2: In dual connectivity, the DRX cycle configured by one eNB could not be taken as the basis by UE for the measurements of the cells belonging to the other eNB.
Proposal 4: The UE should perform measurements for Macro Cells and Small Cells based on the DRX cycle configured by MeNB and SeNB respectively.
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