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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 carrier with 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 was also discussed in [2][7][8]. And in WG2 #78 meeting, it was agreed that for CA with cell specific TDD configuration, PDCCH-subframe is defined per UE and union of DL and special subframe of the configured serving cells is defined as PDCCH-subframe. However, during the discussion, RAN2 didn’t consider the cross carrier scheduling case and half duplex case. In this paper, we further analysis the DRX operation based on the previous agreement, take the cross carrier scheduling and half duplex into account, and made our suggestion at the end of the paper. 
2
Discussion
2.1

PDCCH-subframe usage and definition

According to legacy LTE specification, UE will monitor PDCCH during active time in PDCCH-subframe, however, we believe that the main purpose of defining the PDCCH-subframe is to count the DRX timer because some of the DRX timer is related to scheduling flexibility, and defining the active time is to distinguish with the DRX period to let UE monitor PDCCH. And it is obvious that UE should not monitor PDCCH in an UL subframe. 

In current DRX mechanism, there are several timers counted by PDCCH-subframe, i.e. drx-InactivityTimer, drx-RetransmissionTimer, and onDurationTimer, we could also observed that these timers are all related to how many subframe eNB will have the scheduling opportunity. And in RAN2 75bis [4] [5], it was discussed and agreed that for TDD carrier, the UL subframe should be also taken as active time if it is between the two DL subframes which are in active time. So, if we don’t define PDCCH subframe but just let UE not to monitor PDCCH in UL subframe, the consequence would be that some variation of the scheduling opportunity which will increase the eNB configuration complexity and increase the power consumption because eNB has to configure the timer longer enough for the worst case.

From this sense, we think it is OK to let UE monitor PDCCH during the active time on the subframe where PDCCH is possible, but not have to be PDCCH-subframe. Thus, we made following two observations

Observation #1: PDCCH-subframe is mainly used to count the DRX timer. 
Observation #2: To define PDCCH-subframe is mainly to control the scheduling opportunity.
2.2

DRX operation for Cell specific TDD configuration

For carrier aggregation with different TDD configurations, as RAN2 agreed last meeting, union of DL subframe and special subframe on all the configured serving cells is defined as PDCCH-subframe. Figure below shows the example of the definition. 
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Figure 1, example of the PDCCH-subframe definition

As showed above, there are two kinds of PDCCH-subframe, one type is the subframe which is DL subframe or special subframe on each of the configured serving cell, the other type is the subframe which is DL subframe on one cell but is UL subframe on the other. Herein we call the first type as consistent subframe and the second type as overlapped subframe. 
For the overlapped subframe, even if we define it as PDCCH subframe, eNB may not be able to transmit PDCCH on such subrame in the following cases

1. The SCell is cross carrier scheduled by PCell, the subframe which is DL subframe on SCell and UL subframe on PCell could not be used to transmit PDCCH, e.g. subframe #7 and #8 in above example
2. The DL subframe is de-prioritized due to half duplex operation
3. The SCell is deactivated, the subframe which is DL subframe on SCell and UL subframe on PCell could not be used to transmit PDCCH, e.g. subframe #7 and #8 in above example 
All those cases will decrease the scheduling opportunity from the eNB aspect because eNB could not transmit PDCCH during the subframe. To ensure the minimum scheduling opportunity, eNB has to assume the worst case, and set a relative longer value for the corresponding timer if we go for the union operation. 
For the cross carrier scheduling, as analysed above, PDCCH-subframe is mainly used to count the scheduling opportunity, so it is natural that UE only counts the subframe where there could be PDCCH transmitted. And because cross carrier scheduling is semi-statically configured by RRC signalling, it is supposed to have no misalignment case between eNB and UE. If we define intersection of DL and special subframe as PDCCH subframe, we will not need to discuss the cross carrier scheduling case, but if we go for the union operation, only the union of DL and special subframe on the configured scheduling cell could be defined as PDCCH-subframe. And by considering only the configured scheduling cell, eNB could have a more stable number of the schedule-able subframe. 

Proposal #1: configured scheduling cell is used to count the PDCCH-subframe if we go for the union operation
For the half duplex case, it is still being discussed in RAN1 about how to prioritize the UL or DL subframe. Currently there are two main streams in RAN1 as following

1. To follow PCell UL/DL subframe

2. eNB could dynamically change the UL/DL prioritization based on needs

If the UL/DL subframe prioritization could be dynamically changed, as analysed above, the number of schedule-able subframe could be varied from time to time and eNB has to configure the related DRX timer assuming the worst case. If the UL/DL prioritization will always follow PCell, some of the subframe which is DL on SCell and UL on PCell will not be able to be used. In this case, not to count those un-schedule-able subframes is natural and also similar to the cross carrier scheduling case. And we should also be noted that if we go for the intersection operation, we will not need to wait for RAN1 decision for further discussion.

Since RAN1 decision will impact the RAN2 analysis, we think RAN2 should wait for RAN1 agreement to make further decision. 

Proposal #2: RAN2 awaits further progress in RAN1 to make decision on the half duplex mode if we go for the union operation

While keep the above analysis in mind, we made some further analysis below about the power consumption performance. If eNB wants to have 2 scheduling opportunity for drx-inactivityTimer, the worst case would be that drx-inactivityTimer starts at subframe #6 and the SCell is deactivated. So eNB needs to configure the value as 4 to ensure there are always 2 scheduling opportunities. And if eNB wants to have 4 scheduling opportunities for drx-inactivityTimer, the worst case would be that drx-inactivityTimer starts at subframe #1, UL is prioritized in subframe #4, and the SCell is deactivated after subframe #4 or SCell is cross carrier scheduled by PCell. In this case, eNB has to configure the value as 8. And the same problem exists for onDurationTimer and drx-retransmissionTimer as well. 
Below we listed the DRX state for different configuration, to have a clear picture about the scheduling opportunity and power consumption. Alt-1 stands for union operation while alt-2 stands for intersection operation. And here the assumption is that UE is under half duplex mode, and SCell is cross carrier scheduled from PCell.
Case #1: eNB wants at least two subframe scheduling flexibility for onDurationTimer, drx-inactivityTimer, and drx-retransmissionTimer, PCell is configured with TDD UL/DL configuration #1 while SCell is configured with TDD UL/DL configuration #3
	
	Configured value for onDurationTimer
drx-inactivityTimer

drx-retransmissionTimer
	Start of the timer

&
Monitored subframe
	Wasted

Energy
	Start of the timer

&
Monitored subframe
	Wasted

Energy

	Alt 1
	4/4/4
	0

&

0/1/4/5
	50%
	5

&

5/6/7/8
	50%

	Alt 2
	2/2/2
	0

&

0/1
	No
	5

&

5/6
	No


Case #2: eNB wants at least four subframe scheduling flexibility for onDurationTimer, drx-inactivityTimer, and drx-retransmissionTimer, PCell is configured with TDD UL/DL configuration #1 while SCell is configured with TDD UL/DL configuration #3
For the relative longer value, the worst case is that all the DL in the overlapped subframe is de-prioritized, for example, if the timer is start at subframe #1, the worst case is DL is de-prioritized on subframe #4, #7, #8, so eNB has to configure the value no smaller than 7 to ensure the scheduling opportunity, and because there is no value 7 in the current signalling, so eNB has to configure value 8 instead. 

	
	Configured value for onDurationTimer
drx-inactivityTimer

drx-retransmissionTimer
	Start of the timer

&
Monitored subframe
	Wasted

Energy
	Start of the timer

&
Monitored subframe
	Wasted

Energy


	Alt 1
	8/8/8
	0

&

0/1/4/5/6/7/8/9
	50%
	5

&

5/6/7/8/9/0/1/4
	50%

	Alt 2
	4/4/4
	0

&

0/1/4/5/6
	20%
	5

&

5/6/7/8/9/0
	33%


From the above table and analysis, we could find that by defining the union of DL and special subframe on all the serving cells will double the power consumption in some configuration. And considering the half duplex UE will even worsen the power consumption performance. Because RAN1 has already made the agreement that solution should be unified for full duplex and half duplex UE, we think RAN2 should also work under the same assumption.
Given the significant energy waste compared with defining intersection of DL and special subframe as PDCCH subframe, we repectively suggest RAN2 to discuss the pros and cons of PDCCH subframe definition take the cross carrier scheduling and half duplex into account, and decide the way forward. 

Proposal #3: RAN2 to discuss the pros and cons of two PDCCH subframe definition take the cross carrier scheduling and half duplex into account, and decide the way forward.
2.3
DRX operation
As analysed above, because PDCCH-subframe is mainly used to count the DRX timer, so if intersection of DL and special subframe is defined as PDCCH subframe, to avoid losing scheduling opportunity, we think during active time, UE should monitor PDCCH on all the subframes where PDCCH is possible, more specifically in different TDD configuration case, UE should monitor PDCCH on both PDCCH-subframe and overlapped subframe if it is in active time. 
Proposal #4: UE should monitor PDCCH during active time on the subframe where PDCCH is possible if intersection of DL and special subframe is defined as PDCCH subframe. 

3
Conclusion
Observation #1: PDCCH-subframe is mainly used to count the DRX timer. 
Observation #2: To define PDCCH-subframe is mainly to control the scheduling opportunity.
Proposal #1: configured scheduling cell is used to count the PDCCH-subframe if we go for the union operation
Proposal #2: RAN2 awaits further progress in RAN1 to make decision on the half duplex mode if we go for the union operation

Proposal #3: RAN2 to discuss the pros and cons of two PDCCH subframe definition take the cross carrier scheduling and half duplex into account, and decide the way forward
Proposal #4: UE should monitor PDCCH during active time on the subframe where PDCCH is possible if intersection of DL and special subframe is defined as PDCCH subframe
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