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1. Introduction

In Rel-11, one topic to enhance LTE Carrier Aggregation (CA) is to support inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands. In this document, we discuss the impact on DRX operation.
2. Discussion 
When different PCell/SCells with different TDD UL-DL configurations are aggregated in CA, the implementation of using the same DRX configuration may not be applicable because if UE is still configured with one set of drx-InactivityTimer, drxRetransmissionTimer, and onDurationTimer (Please see the quotation below from MAC spec) then the issue of how to run these timers for consecutive PDCCH-subframe(s) on the aggregated Cells needs to be handled because consecutive PDCCH-subframes of each Cell with different TDD modes are different. 
	PDCCH-subframe: Refers to a subframe with PDCCH  […]; for TDD, only downlink subframes and subframes including DwPTS. […]
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.
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.


Allowing different DRX configurations/active time for different TDD modes/cells may be a simple solution to the issue. However, here we still assumed that UE applies the same DRX configuration for all Cells [1] and the same active time applies to all activated cell(s) [2]. The following are some methods to let UE know how to find the next PDCCH subframe for the three DRX timers mentioned above.
a. Following PCell
One example is as below. Three Cells with different TDD UL-DL configurations 3 (PCell), 1, and 6 are aggregated. ‘P’ means that this subframe can be considered as a PDCCH subframe for handling DRX timers.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	3 (PCell)
	5 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	1
	10 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	P
	P
	
	
	
	P
	P
	P
	P
	P


b. Following the union of the PDCCH subframes of Cells
One example is as below.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	P
	P
	
	
	P
	P
	P
	P
	P
	P


c. Following the intersection of the PDCCH subframes of Cells
One example is as below.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	P
	P
	
	
	
	P
	P
	
	
	P


After simply introducing the above methods, the table below shows some simple analysis for different DRX timers using different methods to find the next PDCCH subframe. It looks that if using the same method for all DRX timers to find the next PDCCH subframe then “Union” method is better than others.
	
	onDurationTimer / InactivityTimer
	drxRetransmissionTimer

	Following PCell
	Bad
At least it can provide some chances for network scheduling.
	Bad
Retransmission only occurs on a specific Cell so some chances for retransmission may be skipped.

	Union
	Good
All chances on all Cells are possible for network scheduling.
	Good
At least it can cover all chances for retransmission on the specific Cell. [3]
Note that the best way is only following the specific Cell.

	Intersection
	Worst
Many chances for new scheduling are skipped.
	Worst 
Many chances for retransmission are skipped.


Proposal 1:  Determine whether DRX timers (i.e. drx-InactivityTimer, drxRetransmissionTimer, and onDurationTimer) should use the same method to find the next PDCCH subframe for all aggregated Cells with different TDD modes or not.
Proposal 2a:  If using the same method to find the next PDCCH subframe for all DRX timers,
UE should follow the union of PDCCH subframes of Cells.
Proposal 2b:  If using different methods for different DRX timers to find the next PDCCH subframe, UE should,
for onDurationTimer, follow the union of the PDCCH subframes of Cells; and, 
for drx-InactivityTimer, follow the union of the PDCCH subframes of Cells; and, 
for drxRetransmissionTimer, follow the Cell on which the retransmission should occur.

3. Conclusion
In this document, we discuss an issue that aggregating Cells with different TDD mode in CA may have some impact on DRX operation. And basically we propose that UE should follow the union of the PDCCH subframes of Cells to find the next PDCCH subframe.
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