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1. Introduction

In the last meeting, several companies discussed about the DRX operation in inter-band TDD CA [1-4]. In this contribution, we put our view forward.
2. Discussion
In Rel-10, TDD CA supports only intra-band carrier aggregation and hence the same TDD configuration is used for each of the aggregate-able CCs. As the TDD configuration is the same, there is no ambiguity on the definition of the DRX timers (i.e. onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer) that is defined in terms of the PDCCH subframes.

It is indicated in the WI that the support of inter-band carrier aggregation for TDD should also take into consideration of the possibility of different TDD configuration in each CC being aggregated. As a result of this, it is unclear of which PDCCH subframes that these timers need to count and the UE needs to monitor. 
It is assumed that whenever a CC with different TDD configuration to the existing CCs is added for a UE, the DRX configuration (particularly the DRX timers) will be changed to provide scheduling opportunities for the new CC. Likewise, whenever a CC with different TDD configuration with the other CCs is removed, the DRX configuration will be changed to reflect on the need of the remaining CCs. For example:
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When the UE is with CC1 (PCell), the OnDurationTimer is 4 psf which will covers all the PDCCH subframes of the CC1. However, with CC2 added, the OnDurationTimer has to change to include more PDCCH subframes of the CC2 to increase the scheduling opportunities on CC2. 
There are various options mentioned in the various contributions and are listed as follow:

Option 1: PCell [1-2]
Option 2: Union of all the PDCCH subframes of all scheduling CCs [1, 3, 4]
Option 3: Union of the consistent PDCCH subframes of all scheduling CCs [2]
Option 4: Union of all the PDCCH subframes of all activated scheduling CCs [3]
For Option 1, as explained in [1-2] and taking the Example 1 above, many of the DL subframes in CC2 will be missed as the UE will only treat the DL subframes in CC1 as ON-Duration. Hence Option 1 is not a good definition for PDCCH subframes for drx-OnDurationTimer and drx-InactivityTimer.
Option 2 seems like a good choice for drx-OnDurationTimer and drx-InactivityTimer as it ensures that all possible scheduling opportunities in both CC1 and CC2 are considered and this will allow the eNB to flexibly set the 2 DRX timers. However, it was pointed out in [2] that drx-retransmissionTimer will have to be set correctly in order that the retransmission opportunity is sufficient. Furthermore, because retransmission is on a per CC basis means that the UE will have to blind decode unnecessary PDCCH on another CC if the PDCCH subframe definition for drx-retransmissionTimer is based on Option 2. 
Option 3 takes into consideration when the UE supports half duplex mode. It is unclear currently how RAN 1 is going to handle the subframes in which some CCs are UL subframe while other CCs are DL subframe. If the transmission directions of these subframes are going to change quite dynamically, then it is difficult to decide whether to consider these subframes in the PDCCH subframe definition. Instead of considering them, this option restricts the PDCCH subframes to DL subframes where the transmission direction of all aggregate CCs is consistent and leaving how to deal with these subframes as FFS. In the dynamic case, our understanding is that the subframe period with DL subframes will normally be DL unless UL grant has been scheduled previously during the active time. Therefore all these subframes could still be considered as possible scheduling opportunities by the eNB. So in our view, regardless of the RAN 1 decision on whether the transmission directions of these subframes are going to change semi-statically via RRC message or dynamically, the simplest approach is to consider these subframes as PDCCH subframe definition of the DRX timers. In fact, this is also the case for FDD half duplex UE where UE still count it as PDCCH subframe but only monitor the PDCCH subframe if there is no UL transmission.
Option 4 takes into consideration of the activation/deactivation of each CC. However, the activation status can change dynamically. Like the case if the transmission directions changes dynamically, it is difficult for the eNB to configure the DRX timers. Furthermore, drx-OnDurationTimer and drx-InactivityTimer provides scheduling opportunities for the different CCs. If a CC is deactivated, then there is no need to worry about not providing scheduling opportunities for the CC. Take the same example in Example 1, it still provides the right number of scheduling opportunities for CC1. If it takes activation into consideration, then the ON-Duration will go into 2 radio frames which will increase the UE power wastage if there is no traffic. If there is user traffic, the drx-inactivityTimer will extend the active time of the UE. Hence we do not think the PDCCH subframe definition should consider the activation and deactivation status of a CC.
Based on the above analysis, observations can be summarised as follow:

· Monitoring just the PCell PDCCH subframe is not sufficient if the other CC is also scheduling cell
· drx-RetransmissionTimer should not follow the same PDCCH definition as the other DRX timers as it is more related to a CC

· Union of all the PDCCH subframes of scheduling cell provides a good baseline for drx-OnDurationTimer and drx-InactivityTimer.

· Activation and deactivation should not be considered
· In the case where some CCs having DL subframe and some CCs having UL subframe, it should be considered as PDCCH subframe if any of the CCs having DL subframe is scheduling cell,  

Hence, it is proposed that:

Proposal#1: For drx-OnDurationTimer and drx-InactivityTimer, the UE shall use the union of all the PDCCH subframes of scheduling cell for the PDCCH subframe definition.
Proposal#2: For drx-RetransmissionTimer, the UE shall use the PDCCH subframes of the scheduling cell in which the retransmission is being scheduled as the PDCCH subframe definition.
3. Conclusion

It is requested that RAN2 take the following proposals into consideration:
Proposal#1: For drx-OnDurationTimer and drx-InactivityTimer, the UE shall use the union of all the PDCCH subframes of scheduling cell for the PDCCH subframe definition

Proposal#2: For drx-RetransmissionTimer, the UE shall use the PDCCH subframes of the scheduling cell in which the retransmission is being scheduled as the PDCCH subframe definition.
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