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1 Introduction
In RAN#51 plenary, a new Work Item of LTE CA enhancement was approved for Release 11 [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 paper discusses the DRX operation related to different TDD DL/UL configurations.

2 Discussion

2.1 Common DRX or not
In order to save UE battery, DRX is used to turn off the receiver when no information is expected to be received to the UE.  
In Rel-10 CA, if there is data in the buffer to send/receive and multiple serving cells are activated, it is assumed that the network will use all activated serving cells [2]. If some of cell is not needed for transmission/receiving, it can be deactivated by network. In this sense, common DRX was agreed for CA for simplicity, i.e. UE applies the same active time to all activated serving cells. This is still valid even for different TDD DL/UL configurations case. 
Proposal 1: Confirm that common DRX is still applied for different TDD DL/UL configuration

2.2 PDCCH-subframe
For the DRX operation, Following DRX timers are used to build the active time and their operations are related to PDCCH-subframe definition:
	drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.


The current PDCCH-subframe definition:

	PDCCH-subframe: Refers to a subframe with PDCCH or, for an RN with R-PDCCH configured and not suspended, to a subframe with R-PDCCH. For FDD UE operation, this represents any subframe; for TDD, only downlink subframes and subframes including DwPTS. For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.


With same DL/UL configuration, PDCCH-subframes, i. e DL subframes are aligned between all serving cells, so there is no confusion for the PDCCH subframes with regard to above DRX timers. 
With different DL/UL configuration, for instance (as shown in Fig 1), PCell is TDD DL-UL configuration 2 and SCell is TDD DL-UL configuration 3. DL sub-frame as marked in green, UL sub-frame as marked in yellow and S sub-frame as marked in blue.
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Figure 1 
If cross scheduling is configured, the SCell is cross-scheduled by PCell, for subframe 7, which is a DL subframe, but it is only on SCell which is cross-scheduled by PCell, it is not clear whether the subframe 7 shall be counted as PDCCH-subframe. i.e.: 
· Whether the DL subframe of scheduled serving cells is a PDCCH-subframe for DRX operation.
Since active time determine which subframe the UE needs to monitor possible scheduling PDCCH, in a TTI,  if it is a DL subframe for the scheduled carrier but it is not for any scheduling cells, that means no PDCCH monitoring on that subframe even though it is a DL subframe. So it is not reasonable to take this sort of subframe into account for DRX timers operation. This is similar with the handling for the UL subframe of TDD. In summary, the UE should only take DL subframe on all scheduling carriers into account for DRX operation. 
Proposal 2: PDCCH-subframe w. r. t. DRX timers are the downlink subframe of all scheduling cells.

As in Fig 1, In case of non-cross-carrier scheduling, the subframe 3, 4, 7 is DL for Pcell or SCell but not for both of them. The question is whether these subframes should be counted, i.e.:

· Is it the union or intersection of all scheduling cell’s PDCCH subframe [3]

If these subframes are not counted, the scheduling chance would be decreased a lot, which of course is not desired. So we should count all DL subframe as a PDCCH-subframe for DRX timer.
Proposal 3: the UE count the union of downlink subframes of all scheduling cells as PDCCH-subframe. 
3 Conclusion

In this contribution, we discuss DRX operation with different TDD DL/UL configuration and propose: 

Proposal 1: Confirm that common DRX is still applied for different TDD DL/UL configuration

Proposal 2: PDCCH-subframe w. r. t. DRX timers are the downlink subframe of all scheduling cells.

Proposal 3: the UE count the union of PDCCH subframes of all scheduling cells as PDCCH-subframe.
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