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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 SeNBFor DRX coordination, the principle is to try to make the active times caused by the two different DRX configuration overlap each other, and the more overlaps the less power consumption. Especially, this principle can only work when the frequencies involved in DC are operating on the same band and supported by the same RF unit [3].
Proposal 1: DRX coordination can only be applied when the frequencies involved in DC are operating on the same band and supported by the same RF unit.
In RAN2 #85, the chairman presented two options for coordination:

Option 1: MeNB provides information to SeNB, and the SeNB adjusts its DRX configuration;

Option 2: SeNB provides information to MeNB, and the MeNB adjust its DRX configuration.
For user plane architecture 3C, the MeNB has the knowledge of data transmission status in SeNB since the user plane data transmitted by SeNB is distributed by MeNB. Therefore, the MeNB could provide some information to SeNB, and the SeNB could set its DRX configuration based on this information. Further, the method proposed in option 1 could be adopted.
For user plane architecture 1A, the MeNB could not have the knowledge of data transmission status in SeNB since the data transmission is individual in this architecture. However, since the container from SeNB could be comprehended according to the email discussion, the MeNB could adjust its DRX configuration based on the configuration set by SeNB, for the increase of per-UE throughput in DC largely depends on these additional small cells. Certainly, the MeNB could choose not to adjust its DRX configuration, and this also could be left to the eNB implementation. Therefore, the method presented in option 2 could be adopted.
Proposal 2: For DRX configuration coordination, the method presented in option 1 could be adopted for user plane architecture 3C and the method presented in option 2 could be adopted for user plane architecture 1A.
2.2 Influence brought by separate DRX configuration and possible solutionsIn the current specification, the Measurement has close relation with the DRX cycle, that is, the Measurement Period (MP) will be extended based on the DRX cycle in use. With two separate DRX configurations in DC there may be negative influence in SeNB mobility and measurement results.
2.2.1 Influence in mobility and the possible solution
In DC, the UE could maintain RRC connections with SeNB and MeNB simultaneously and transmit/receive data to/from these two eNBs simultaneously. In most scenarios in DC the data transmission between UE and SeNB is more frequent than that between UE and MeNB. So, the DRX cycle configured by SeNB will be shorter than that configured by MeNB in most scenarios in DC. Further, it could be found that the measurement period for non-serving frequency based on DRX cycle configured by SeNB is shorter that based on DRX cycle configured by MeNB, especially when the DRX cycles configured by SeNB and MeNB are shorter or longer than 80 ms respectively.
Based on the analysis above, it could be seen that the measurement performance required by SeNB are higher than that required by MeNB. With the measurement reports only sent to MeNB, if the DRX cycle configured by MeNB is taken as the basis for measurement for both MeNB and SeNB, the measurement performance required by SeNB will dramatically decreased. This will result in SeNB mobility problem, such as untimely SeNB addition or release, especially between the SeNB involved in DC and the SeNBs not involved in DC, and affect per-UE throughput either. 
This problem can occur not only when the frequencies involved in DC are operating on the same band and supported by the same RF unit, but also when frequencies are operating on different bands and supported by the different RF units.
Observation 1: Two separate set DRX configurations may lead to SeNB mobility problem between the SeNB involved in DC and the SeNBs not involved in DC.
According to the analysis above, it must be decided which DRX cycle will be taken as the basis for the measurement of the non-serving frequencies.
One method is that the Mobility among SeNBs could be guaranteed if the measurement period based on DRX cycle configured by SeNB is taken. With this method extra UE power consumption will be result in for more measurements caused by the shortened measurement period required by MeNB before, when the frequencies involved in DC are operating on the same band and supported by the same RF unit. 
Therefore, the other method that the UE performs measurements according to the DRX cycle configured by MeNB and SeNB respectively could be adopted. With this method, the Mobility among SeNBs could be guaranteed and the UE power consumption could be minimized when the frequencies involved in DC are operating on the same band and supported by the same RF unit, especially, when the active times caused by the two different DRX configurations overlap each other.
Proposal 3: The UE could perform measurements according to the DRX cycle configured by MeNB and SeNB respectively, and active time overlapping could also be achieved to save UE power consumption in some case.
Influence in the accuracy of measurement results
In current specification, the eNB sets the DRX configuration for the UE taking the measurement performance required by the eNB into account. So, based on the analyses in section 2.2.1 the MeNB and SeNB set their DRX configurations for the UE individually, taking their required measurement performance into account respectively. Therefore, for the non-serving frequency the UE will measure it using the measurement period calculated based on the DRX cycle set by MeNB and/or SeNB respectively. 
With the analysis above, the influence could be analyzed from the following two aspects: 

1. The frequencies involved in DC are operating on the same band and supported by the same RF unit.
In this cases, the UE will perform measurement for non-serving frequency (-ies) using the measurement period calculated based on the DRX cycle set by MeNB and SeNB individually. 
Since there is only one RF unit involved in DC, the MeNB could not distinguish whether the received measurement report is generated based on MeNB-configured DRX cycle or SeNB-configured DRX cycle. If the measurement report is generated based on longer DRX cycle (set by MeNB) while the shorter DRX cycle (set by SeNB) is assumed by MeNB, or the contrary, there will be an underestimate or overestimate in the accuracy of the measurement report.
2. The frequencies are operating on different bands and supported by the different RF units.

In this case, one RF unit is used to support the data transmission between UE and MeNB, and the other RF unit is used to support the data transmission between UE and SeNB.
If the MeNB has the knowledge of the RF unit capability in supporting frequency, it could distinguish the DRX cycle used in calculating the measurement period for the received measurement report based on the correspondence among non-serving frequency, RF unit and the eNB. Therefore, the misunderstanding of the accuracy will not occur.
If the MeNB has no knowledge of the RF unit capability in supporting frequency, it could not distinguish the DRX cycle used in calculating the measurement period for the received measurement report, even if there is only one RF unit or both the two RF unit could support the target non-serving frequency. Therefore, the misunderstanding of the accuracy of the measurement report mentioned in the first aspect could occur.
Generally, it could be found from the two aspects above that in the following case the misunderstanding of measurement accuracy will occur:
Case 1: The frequencies involved in DC are operating on the same band and supported by the same RF unit;
Case 2: The frequencies are operating on different bands and supported by the different RF units, and the MeNB has no knowledge of the RF unit capability in supporting frequency.
Observation 2: The misunderstanding of accuracy of the measurement report may be occurred in DC.
In order to lower the influence leading by these misunderstanding in the above two cases, the longer DRX cycle could be always assumed for this is the lowest accuracy requirement and the received measurement report could always be adopted by MeNB.
 In addition, RAN4 should be informed of this influence in measurement report accuracy and the corresponding solution and RAN4 should make the final decision. 
Proposal 4: An LS should be sent to RAN4 to illustrate the influence in measurement report accuracy.
3 Conclusion
Proposal 1: DRX coordination can only be applied when the frequencies involved in DC are operating on the same band and supported by the same RF unit.
Proposal 2: For user plane architecture 3C, the method presented in option 1 could be adopted; for user plane architecture 1A, the method presented in option 2 could be adopted.
Observation 1: Two separate set DRX configurations may lead to SeNB mobility problem between the SeNB involved in DC and the SeNBs not involved in DC.
Proposal 3: The UE could perform measurements according to the DRX cycle configured by MeNB and SeNB respectively, and active time overlapping could also be achieved to save UE power consumption in some case.
Observation 2: The misunderstanding of accuracy of the measurement report may be occurred in DC.
Proposal 4: An LS should be sent to RAN4 to illustrate the influence in measurement report accuracy.
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