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Discussion and Decision
1
Introduction
The new WI of CA enhancement was agreed in RAN#51 meeting [1]. In the WID, the following working area was agreed as one method for CA enhancement:

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
This means different TDD configurations could be configured in each of inter-band carriers for a TDD UE with CA capability, which refer to CC specific TDD configuration in the following text. For such CA with CC specific TDD configuration, there could be two kinds of subframes, 

1. Consistent subframe: all the aggregated TDD carriers have same UL/DL subframe
2. Overlapped subframe: aggregated TDD carriers have different UL/DL subframe, e.g. TDD configuration #1 and #5 aggregated, subframe 3, 7 and 8 are overlapped subframes. 

In WG1 #67 meeting, it was agreed that RAN1 solution for CC specific TDD configuration should support both full duplex and half duplex mode [3], which means simultaneous transmission and reception on the overlapped subframe will be supported. 
From RAN2 point of view, the primary impact is the DRX operation, which is also discussed in [2]. In this paper, we discuss the different DRX operation options based on the latest RAN1 agreement.

2
Discussion
For TDD carrier, DRX operation is based on PDCCH-subframe, which is defined as DL subframe and subframe which include DwPTS. Basically it means all the subframes on which PDCCH is possible. However, for carrier aggregation with different TDD configurations, there will be overlapped subframe, on which only part of the aggregated carriers could receive PDCCH. So how to operate the DRX in CC specific TDD configuration need to be discussed.
2.1

Common DRX or CC specific DRX

In Rel-10, the main reason why common DRX is applied is that each SCell has activation/deactivation mechanism, and with if a given SCell is not scheduled for a long time, the SCell is probably deactivated to save power. CC specific DRX will cause much more complexity and the gain is not justified, so common DRX and CC specific activation/deactivation will be enough. In Rel-11, with CC specific TDD configuration, we don’t see a big difference here and think common DRX will be kept in Rel-11.
Proposal #1: Common DRX should be used for CA with CC specific TDD configuration
2.2

PDCCH-subframe definition
In TDD LTE system, DRX operation is based on PDCCH-subframe. However, in CC specific TDD configuration, there will be two kinds of subframes which eNB could send PDCCH on, i.e. consistent DL subframe and overlapped subframe. It is not discussed how to define the PDCCH subframe in the meeting, but in [2], three possible solutions were listed and compared. 

1. Defining DL subframe and subframe with DwPTS on PCell as PDCCH subframe

2. Defining both consistent DL subframe and overlapped subframe as PDCCH subframe

a. For half duplex mode, if the transmission direction is dynmaicly decided, hard for eNB to control the window length

b. Even if the dirction is semi-statically decided, retransmission window is not consistent in time domain

3. Defining consistent DL subframe as PDCCH subframe

It is obvious that the first option is not good because eNB will not only consider the DL subframe on PCell when doing DL scheduling. For example, if eNB intends to make new DL transmission, and selectes the overlapped subframe where SCell has the DL subframe, UE will not restart the drx-InactivityTimer when receiving the DL assignment, then UE might enter the DRX mode and will miss the opportunity of the following scheduling. 
About the second option, because RAN1 had made the decision that RAN1 solution should support both half duplex and full duplex mode, we think RAN2 should also take such as working assumption. For half duplex mode, it has not been concluded in RAN1 how to decide the transmission direction on the overlapped subframe, but if the direction could be dynamically changed, it will be quite difficult and complex to configure the length of the related timer because whether the overlapped subframe should be monitored will further depend on the transmission direction for the given subframe. For the example shown below, if CC-1 which is configured with TDD configuration #1 aggregated with CC-2 which is configured with TDD configuration #3, if the on_duration Timer is configured as psf 5 and starts at the subframe 4, UE will monitor subframe 4, 5, 6, 7, 8 if all these subframes are scheduled with DL transmission and there will be five subframes; but if the UL subframe is prioritized, on_duration_Timer will expire after two “real” PDCCH subframes, which will reduce the scheduling opportunity. 
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Figure 1 example of the TDD combination

For the full duplex mode, define the overlapped subframe and consistent DL subframe will also cause some complexity at the eNB side to configure the related timer and also cause more power consumption at the UE side. Still take the figure 1 as example, if eNB wants to have the flexibility to schedule the retransmission for at least two subframs, it has to configure the drx-RetransmissionTimer as 4, and for the case that the first DL transmission happens in subframe #6 on CC-1 but failed, UE will start drx-RetransmissionTimer at subframe #6 of next radio frame and monitor subframe 6, 7, 8, 9. Because retransmission could only happen on CC-1, so the blind decoding of subframe 6, 7, 8, 9 on CC-2 is not necessary. In Rel-10 we had similar problem but define the overlapped subframe as PDCCH subframe will make it even worse. 
For the third solution, define the consistent DL subframe as PDCCH subframe will ease the eNB complexity to configure the DRX related timer, and define a common DL subframe as PDCCH subframe suits better with the common DRX. However, how to perform the DRX for the overlapped subframe will need further study.
Within the above three options, the first one is obviously not good, and the second one will require more eNB complexity and more UE power consumption, so we would prefer the third solution (define the consistent DL subframe as PDCCH subframe), which is clear and suit better to the common DRX. 
Proposal #2: Only the consistent DL subframe should be taken as PDCCH subframe, how to perform the DRX for the overlapped subframe should be further discussed
3
Conclusion
Proposal #1: Common DRX should be used for CA with CC specific TDD configuration
Proposal #2: Only the consistent DL subframe should be taken as PDCCH subframe, how to perform the DRX for the overlapped subframe should be further discussed
4
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