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1. Introduction
To improve legacy system co-existence and provide deployment flexibility, “inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands” was introduced in Rel-11. In RAN4, it was agreed that full-duplex TDD is not excluded; in RAN1, the issues of HARQ timing and scheduling timing have made some progress and still ongoing; and in RAN2, the related impact has not been discussed. Since different cell may have different UL/DLconfiguration, to keep common DRX mechanism, how to maintain the DRX timers (i.e. onDurationTimer/ InactivityTimer/ drxRetransmissionTimer) should be considered. This contribution gives our consideration and preference on it.
2. Discussion
2.1. DRX Timers maintenance for TDD in Rel-8/9/10

In Rel-8/9/10, regarding the DRX operation, the differences between TDD and FDD are the definition of PDCCH-subframe and the relationship between DRX timer counting and active time.
In general, for TDD, DRX timers are the PDCCH-subframe counters, all the subframes covered belong to active time, and the PDCCH-subframe pattern is related the TDD UL/DL configuration. 
2.2. DRX Timers for CA UE with different TDD configurations

For CA UE with different UL/DL configurations, different cells may have different DL and DwPTS subframes. How to define the PDCCH-subframe used for DRX timers? The considerations are different for different kinds of timers:
· onDurationTimer and InactivityTimer, which are not related to a certain HARQ process;

· drxRetransmissionTimer, which is related to a certain HARQ process. 

1) onDurationTimer and InactivityTimer
There are four alternatives on the definition of PDCCH-subframe mentioned in the contributions [3][4][5][6].
· Alt1: PDCCH subframes of PCell; 
Timers are counted based on the PDCCH subframes of PCell. For the UL subframes and DL subframes covered are all regarded as active time. 
· Alt2: Union of consistent PDCCH subframes;
Timers are counted based on the consistent PDCCH subframes of all serving cells. For the UL subframes and DL subframes covered are all regarded as active time. 

· Alt3: Union of all PDCCH subframes;
Timers are counted based on the all PDCCH subframes of all serving cells. For the UL subframes covered are all regarded as active time. 

· Alt4: Union of all activated PDCCH subframes.
Timers are counted based on the consistent PDCCH subframes of all activated serving cells. For the UL subframes covered are all regarded as active time. 

An example is given in Figure-1. UE is configured with PCell in UL/DL Configuration#3 and SCell in UL/DL Configuration#1. Assuming that onDurationTimer is configured as psf5, and starts at subframe#0, the related PDCCH-subframe counting for onDurationTimer and the actual subframes for PDCCH monitoring are given for each alternative in Table-1. Since the impact on DRX active time by SCell activation/deactivation is different for each alternative, the analysis is also given separately for the case of SCell activation and SCell deactivation for each alternative.
Figure-1 Definition of PDCCH Subframe 
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Table-1 PDCCH-subframe for onDurationTimer and actual subframe for PDCCH monitoring
	
	SCell state
	PDCCH-subframe for onDurationTimer 
	Actual subframe for PDCCH monitoring

	Alt1
	SCell activation
	#0#1#5#6#7
	#0#1#4#5#6#7

	
	SCell deactivation
	#0#1#5#6#7
	#0#1#5#6#7

	Alt2
	SCell activation
	#0#1#5#6#9
	#0#1#4#5#6#7#8#9

	
	SCell deactivation
	#0#1#5#6#9
	#0#1#5#6#7#8#9

	Alt3 
	SCell activation
	#0#1#4#5#6
	#0#1#4#5#6

	
	SCell deactivation
	#0#1#4#5#6
	#0#1#5#6

	Alt 4
	SCell activation
	#0#1#4#5#6
	#0#1#4#5#6

	
	SCell deactivation
	#0#1#5#6#7
	#0#1#5#6#7


From the given example on onDurationTimer, some conclusions can be derived as below:
· For Alt3, if SCell is deactivated, the actual PDCCH monitoring subframe number is less than configured value, which would reduce the eNB scheduling chance;

· For Alt4, the actual PDCCH monitoring subframes would be changed based on SCell activation/deactivation, and it would bring extra consideration to eNB on the DRX impacted by SCell activation/deactivation. In addition, how to consider the PDCCH-subframes during the SCell activation/deactivation transition should also be considered;
· For Alt2, the actual PDCCH monitoring subframe number is more  larger than configured value, which is not good for UE’s power consumption;
· For Alt1, the actual PDCCH monitoring subframe number is near the configured value, and the position is fixed and is not impacted by SCell activation/deactivation. It is easy for the DRX timer maintenance and good for UE’s power saving. In addition, it also provides sufficient scheduling chance to eNB.
Hence, based on the above analysis, we proposed to adopt Alt1 as the definition of PDCCH-subframe.
Proposal 1: It is proposed to specify the PDCCH-subframe counting for onDurationTimer and InactivityTimer according to the TDD UL/DL configuration of PCell.
2) drxRetransmissionTimer
Since drxRetransmissionTimer is related to the retransmission of a certain HARQ process, considering the HARQ timing and scheduling timing, it is reasonable to specify that the PDCCH-subframe counting for drxRetransmissionTimer should follow the TDD UL/DL configuration of the scheduling cell corresponding to the HARQ retransmission.
Proposal 2: It is proposed to specify the PDCCH-subframe counting for drxRetransmissionTimer according to the TDD UL/DL configuration of the scheduling cell corresponding to the HARQ retransmission.
3. Conclusion
Based on the above analysis, we give the proposals as below.
Proposal 1: It is proposed to specify the PDCCH-subframe counting for onDurationTimer and InactivityTimer according to the TDD UL/DL configuration of PCell.
Proposal 2: It is proposed to specify the PDCCH-subframe counting for drxRetransmissionTimer according to the TDD UL/DL configuration of the scheduling cell corresponding to the HARQ retransmission.
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