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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 is also discussed in [2][7][8]. And in WG2 #77bis meeting, the discussion was mainly focus on how to use the PDCCH-subframe [9]. In this paper, we discuss the use of PDCCH-subframe and also analysis different DRX operation options’ performance 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 considered.
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 usage and definition
According to legacy LTE specification, UE will monitor PDCCH during active time in PDCCH-subframe, however, we think 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.
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 was discussed last meeting how to use the PDCCH-subframe and also how to define the PDCCH-subframe in cell specific TDD configuration. Currently, there are three options on the table. 
1. Defining DL subframe and subframe with DwPTS on PCell as PDCCH subframe

2. Defining consistent DL subframe and consistent special subframe as PDCCH subframe

3. 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

The first option has some merits because PCell will never be deactivated and will not be scheduled from other cell. However, 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 those overlapped subframe, it is DL subframe on PCell and UL subframe on SCell, if UE is working at the half duplex mode, and the UL subframe on SCell is prioritized, UE will not be able to monitor the PDCCH in this subframe but the DRX timer will be still running. This will reduce the scheduling opportunity and casue more scheduling complexity at the eNB side. 
About the second option, it may have the similar problem as following PCell PDCCH-subframe in half duplex case. From 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 all the UL subframe is prioritized, on_duration_Timer will expire after two “real” PDCCH subframes, which will reduce the scheduling opportunity. As observed above, we think eNB will configure the related DRX timer based on the minimum need of scheduling opportunity, so to ensure enough scheduling opportunity, eNB has to consider all the possibilities about the transmission direction and to configure the timer long enough to fulfil the worst case, this will cause inefficient DRX operation in most of the time.
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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 considering the worst case, 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. Besides this, if the SCell is deactivated, or there is activation/deactivation state mismatch between eNB and UE, or the SCell is cross carrier scheduled from other cell, this will also cause unnecessary running of DRX timer and hard for eNB to control.

For the third solution, define the consistent DL subframe as PDCCH subframe will ease the eNB complexity to configure the DRX related timer, because eNB could just configure the minimum value of each timer and doesn’t need to consider DRX a lot when deciding the UL/DL direction in overlapped subframe, and some possible error case for UL/DL direction determination will not cause problem to DRX either. What’s more, defining a common DL subframe as PDCCH subframe suits better with the common DRX concept. And one concern for the third solution was if this will reduce the scheduling opportunity because it was defined in [6] that active time in DRX is the time during which UE monitor the PDCCH in “PDCCH subframe”. However, as observed above, we think PDCCH-subframe is mainly used to count the DRX timer, so UE should motnior PDCCH during active time for both PDCCH-subframe and overlapped subframe if option 3 was selected. Hence, the scheduling opportunity will not be reduced if we adopt option #3.  

Below we also listed the DRX state for different configuration, to have a more clear picture about the scheduling opportunity and power consumption. And because during onDurationTimer and drx-InactivityTimer, eNB could schedule UE on all the carriers, we think eNB could adjust the configuration timer to reserve the scheduling opportunity. So we only analyse the impact caused by drx-RetransmissionTimer.
Case #1: eNB want at least two subframe scheduling flexibility for retransmission, PCell is configured with TDD UL/DL configuration #1 while SCell is configured with TDD UL/DL configuration #3
Table below give the configured value for drx-RetransmissionTimer, for example, for alt.1, the worst case would be that there are fewer DL subframe or subframe including DwPTS on SCell. To ensure eNB always have two scheduling opportunity on both cells, eNB has to configure drx-RetransmissionTimer as at least 3 in case the RTT timer expires in subframe 1. However, there is no value 3 in the current configuration, so eNB has to select 4 instead. And the rest values will allow the same principle. 

	
	Configured value for drx-RetransmissionTimer
	Start of the timer

&

Monitored subframe
	Start of the timer

&

Monitored subframe

	Alt 1
	4
	0
&

0/1/4/5
	5
&

5/6/7/8/9/0

	Alt 2
	2
	0
&

0/1
	5
&

5/6

	Alt 3
	4
	0
&

0/1/4/5
	5
&

5/6/7/8


Case #2: eNB want at least four subframe scheduling flexibility for retransmission, PCell is configured with TDD UL/DL configuration #1 while SCell is configured with TDD UL/DL configuration #3
	
	Configured value for drx-RetransmissionTimer
	Start of the timer

&

Monitored subframe
	Start of the timer

&

Monitored subframe

	Alt 1
	6
	0

&

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

&

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

	Alt 2
	4
	0

&

0/1/4/5/6
	5

&

5/6/7/8/9/0

	Alt 3
	6
	0

&

0/1/4/5/6/7
	5

&

5/6/7/8/9/0


We could easily find in above table that, after eNB decides the minimum number of scheduling chance, it will need to configure different values for the drx-RetransmissionTimer for different alternatives. And UE may have to measure different number of subframes which could be “unnecessary”. For example, in the first table, if the retransmission happens on PCell, the drx-RetransmissionTimer starts in subframe 5, two additional subframe PDCCH monitoring (i.e. subframe 7 and 8) on SCell will be caused, and if eNB intends to schedule the UE within two scheduling chances, probably subframe 9 will be also unnecessary to monitor. 
From the above analysis, we think define the consistent DL subframe and consistent special subframe as PDCCH-subframe for cell specific TDD configuration is better. 

Proposal #2: Define the consistent DL subframe and consistent special subframe as PDCCH-subframe
2.3
DRX operation
As analysed above, because PDCCH-subframe is mainly used to count the DRX timer, so 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 #3: UE should monitor PDCCH during active time on the subframe where PDCCH is possible. 

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: Common DRX should be used for CA with CC specific TDD configuration

Proposal #2: Define the consistent DL subframe and consistent special subframe as PDCCH-subframe

Proposal #3: UE should monitor PDCCH during active time on the subframe where PDCCH is possible
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