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1 Introduction

At the RAN2#77bis meeting, the issue of DRX timers for CA with cell specific TDD configuration in Rel-11 was discussed [1]. The agreements were as follows:
	Agreement:

1. In Rel-10, PDDCH-subframe is common for all serving cells, and used for DRX timer counting and PDCCH monitoring.

2. In Rel-11, we will have common DRX.

3. Companies are asked to bring complete proposals and CRs for the next meeting. Both full duplex and half-duplex UE should be considered.


In past meetings, RAN1 has already discussed inter-band CA with different TDD UL/DL configurations and reached some working assumptions and conclusions. In this contribution, we will share our opinions about DRX handling based on these conclusions made in RAN1 and RAN2. 

2 Discussion
2.1 How to cooperate with the CSI-RS configurations?
In the past meeting, RAN2 agreed, “In Rel-11, we will have common DRX”. However, there is one issue on how to cooperate with the CSI-RS configurations still, which needs to be handled carefully. Specially, it is well known that the CSI-RS configurations such as cycle and offset are configured per CC. That means it is necessary for the UEs to be awake at different time in order to receive these CSI-RS transmissions from different cells. 

For the sake of saving energy, we propose some principles as below:

Principle 1: The cycle of all CSI-RS transmissions is same to the cycle of DRX or is the multiple of the cycle of DRX

Principle 2: If the offsets of the CSI-RS transmissions in different cells are different, then the value of on-duration timer of DRX is bigger than the difference between the maximal offset and the minimal one of CSI-RS transmissions; else, the value of on-duration timer is bigger than the offset
Proposal 1: It is kindly to ask RAN2 to discuss the issues in section 2.1.

2.2 Relation between PDCCH-Subframe and PDCCH-monitoring
The DRX timers such as onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer are specified based on consecutive PDCCH-subframe(s). In case of TDD, PDCCH-subframes refer to downlink subframes and subframes including DwPTS. It is necessary to specify PDCCH-subframe in order to handle the DRX timers in case that the UE aggregate those carriers with different TDD configurations.
Before discussing the detail options, we will analysis whether decouple DRX timers counting and DRX monitoring or not. Rel-10 behaviour is that UE is not required to monitor PDCCH other than PDCCH-subframe. However, in release 11, we will either:

a) Not decouple PDCCH subframe (for counting) and PDCCH monitoring
b) Decouple PDCCH subframe (for counting) and PDCCH monitoring

For a), UE will monitor all PDCCH subframes which are specified for DRX timer counting. Its behavior is similar with R10 UEs. If union method is demanded, UE will monitor the PDCCH on PDCCH subframes and could miss HARQ A/N on PHICH in case of TDD configuration 0 and 6.
For b), PDCCH-subframe is used only for DRX timers counting. If UE can monitor PDCCH, then UE shall monitor PDCCH during the active time whether it is PDCCH-subframe or not. Similarly, UE may or may not monitor PDCCH on PDCCH-subframes. This option makes UE not lose the opportunities of scheduling. 
Proposal 2: Decouple PDCCH subframe and PDCCH monitoring.
2.3 How to specify PDCCH-Subframe for DRX Timers counting?
At previous RAN2 meetings, there are several options discussed:

Option 1: Following PCell
In this option, UE have same scheduling opportunity with R10 and thus UE power consumption is optimized. However, this option will be precluded firstly because it limits eNB' scheduling much especially in case that non cross-carriers scheduling is not configured or cross-carriers scheduling is configured whereas other SCells are the scheduling cells.
When UEs are in half-duplex mode, eNB has to consider the transmission direction of conflict subframes for the sake of configurations of DRX related timers. Therefore, there could be different DRX configurations in case of half-duplex UEs or full-duplex UEs. This option induces complexity in eNB implementation.
Option 2: Flowing the union of the PDCCH subframes of Cells
In this option, PDCCH-subframes refer to the union of downlink subframes and subframes including DwPTS of Cells. It is straightforward from UE point of view. [2] proposed to use this option as baseline because it will keep same scheduling opportunities and energy consumption in UE is optimized. Actually, we think it is possible that UE cannot acquire sufficient scheduling opportunities on SCell with existing DRX configurations. 
Considering half-duplex mode UEs, whether the way to determine transmission direction is dynamic or semi-static, it is hard to control the length of retransmission windows with option 2.
Option 3: Flowing the intersection of the PDCCH subframes of Cells
In this option, PDCCH-subframes refer to the intersection of downlink subframes and subframes including DwPTS of Cells. The option will consume more UE power but it puts fewer limitations on scheduling and simplifies configurations of DRX related times.
With regard to UEs in half-duplex mode, it is simple when eNB determines the DRX configurations because it is unnecessary to take transmission direction of conflict subframes into account. Whether the UEs are in half-duplex mode or in full-duplex mode, eNB could configure the DRX related timers based on the minimum requirements.
Based on the analysis, we prefer option 3.
Proposal 3: Our preference is to consider the intersection of the downlink subframes/subframes including DwPTS of Cells as the PDCCH-subframe. 

3 Conclusion
In this contribution, we have discussed issues how to handle DRX timers in inter-band CA with different TDD configurations. Based on the detailed analysis are provided, we suggest that following proposals are considered and agreed:
Proposal 1: It is kindly to ask RAN2 to discuss the issues in section 2.1.

Proposal 2: Decouple PDCCH subframe and PDCCH monitoring.
Proposal 3: Our preference is to consider the intersection of the downlink subframes/subframes including DwPTS of Cells as the PDCCH-subframe. 
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