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1
Introduction

In RAN #51 meeting, it was agreed to [1]:
	Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands.



When a PCell and SCells for a UE are configured with different UL/DL TDD configurations, it is not yet defined how to count the PDCCH-subframe. Because the PDCCH-subframe is used for the DRX operation, the counting rule should be designed considering both of the ‘scheduling opportunity’ and the ‘battery life’. For a clear discussion, it was agreed during the RAN2#77bis meeting [2] that
	=>
In Rel-10, PDDCH-subframe is common for all serving cells, and used for DRX timer counting and PDCCH monitoring.

=>
In Rel-11, we will have common DRX.



In this contribution, we would like to share LGE’s view on DRX operation with different TDD configurations of SCell for the inter-band CA.
2
Discussion

We think that the DRX operation with different TDD configurations of SCell is mainly related to three issues; 


- Definition of PDCCH-subframe,
  
- UE’s PDCCH monitoring behaviour, and
  
- Counting rule for DRX timer

First, the PDCCH-subframe is defined as follows [3]:

	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.



The above does not clearly say that the definition of PDCCH-subframe is applied per Serving Cell or per UE. If different TDD UL/DL configurations are configured for the different Serving Cells, a certain subframe can be the PDCCH-subframe from the UE point of view while the subframe couldn’t be the PDCCH-subframe from the Serving Cell point of view.
However, considering that the PDCCH-subframe is the subframe where the PDCCH can be scheduled and the UE monitors the PDCCH in the PDCCH-subframes of each Serving Cell, definition of PDCCH-subframe from the UE point of view may provide wrong information because in this definition, an uplink subframe can be called the PDCCH-subframe.

Proposal 1: The definition of PDCCH-subframe is maintained, and applied per Serving Cell.
Assuming that the current UE’s PDCCH monitoring behaviour is to monitor the PDCCH in PDCCH-subframe of all Serving Cells that are configured with the same TDD UL/DL configuration when in Active Time, monitoring the PDCCH-subframes of the all Serving Cells that are configured with the different TDD UL/DL configuration is natural extension and consistent with the existing UE’s PDCCH monitoring behaviour.
Proposal 2: UE’s PDCCH monitoring behaviour is also maintained, i.e., the UE monitors the PDCCH in PDCCH-subframes of all Serving Cells when in Active Time.
Given that the definition of the PDCCH-subframe and the UE’s PDCCH monitoring behaviours are maintained, it should be clarified which PDCCH-subframe should be used in counting the DRX timers.

Proposal 3: The definition of the DRX timers should be clarified for the UE and eNB to understand which PDCCH-subframes are used in counting the DRX timers.
The PDCCH-subframes are currently used in counting the following three DRX timers, drx-RetransmissionTimer , onDurationTimer, and drx-InactiveTimer,.

Among three DRX timers, for onDurationTimer and drx-InactiveTimer, we have the following alternatives [2]. Note that for drx-RetransmissionTimer, it seems reasonable that the PDCCH-subframes of the Serving Cell where the PDCCH for the HARQ retransmissions is schedule should be used in counting this timer.

· Alternative 1
Intersection approach
· Count only the consistent PDCCH-subframes. Only when the subframe is the PDCCH-subframe for all of the serving cells within a UE, it is used in counting the DRX timers.
· Alternative 2
Union approach
· Count all the consistent and conflict PDCCH-subframes. When the subframe is the PDCCH-subframe for any of the serving cells within a UE, it is used in counting the DRX timers.
· Alternative 3 PCell base approach
· Count PDCCH-subframe based on the PCell. When the subframe is the PDCCH-subframe of a PCell, it is used in counting the DRX timers.
Scheduling opportunity

The ‘scheduling opportunity’ refers the ‘PDCCH-subframes’. For a better understanding, we compared ‘on duration’ in Figure 1 by counting the PDCCH-subframes given the onDurationTimer is set to psf5 and TDD UL/DL configurations for the PCell and the SCell are 0 and 3, respectively. 
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Figure 1. PCell with TDD configuration 0 and SCell with TDD configuration 3.
As mentioned in Proposal 2, all PDCCH-subframes during the ‘on duration’ are monitored by the UE. From Figure 1, one may think that Alternative 2 loses the ‘scheduling opportunity’. However, if the ‘onDurationTimer’ is set to psf8 instead of psf5, Alternative 2 simply achieves the same ‘scheduling opportunity’ as other alternatives do (please refer in Figure 2).
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Figure 2. Alternative 2 when onDurationTimer is set to psf8.
For another example, we also compared ‘on duration’ in Figure 3 by counting the PDCCH-subframes given that the onDurationTimer is set to psf5 and TDD UL/DL configurations are 3 and 0 for the PCell and the SCell, respectively.
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Figure 3. PCell with TDD configuration 3 and SCell with TDD configuration 0.
In Figure 3, Alternative 1 may be seemed to have the most scheduling opportunities; however, other alternatives can have the same amount of the scheduling opportunities by setting the onDurationTimer value to psf8 instead of psf5.

From above examples, it is obvious that the scheduling opportunities can be controlled by simply changing the DRX timer value by the network. Similarly, the UE’s battery life can be managed through increasing or decreasing the DRX timer value by the network. 
Under the assumption that network can fully control the parameters for DRX operation considering the scheduling opportunity and the UE’s battery life, we think that the pros and cons of the alternatives should not be evaluated regarding the scheduling opportunity and the battery life.
Complexity
Even all the alternatives can provide the same amount of the scheduling opportunities by changing the DRX timer value, for Alternative 1 and Alternative 2, the following aspects would also need to be considered.
We suppose that there is a case the SCell is added for further use, so the SCell is to be activated by the eNB a long time later. If Alternative 1 and Alternative 2 are applied, once the SCell is added, the DRX operation is affected by the SCell which is not used immediately.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

If we assume that Alternative 1 and Alternative 2 are applied while the SCell stays activated, the UE and the eNB may have different understanding of the DRX operation because the SCell activation/deactivation state may not be exactly matched between the UE and the eNB due to the loss of the PDCCH. 

In summary, both Alternative 1 and Alternative 2 are not preferred regarding the ambiguity related to the SCell state and the complexity. Thus, we propose that Alternative 3 is used for DRX timer counting.
Proposal 4: To adopt Alternative 3, i.e., the PDCCH-subframes of the PCell should be used in counting onDurationTimer and the drx-InactiveTimer.

3
Conclusion

In this contribution, we share LGE’s view on DRX operation with different TDD configurations of SCell for the inter-band CA and propose that;

Proposal 1: The definition of PDCCH-subframe is maintained, and applied per Serving Cell.
Proposal 2: UE’s PDCCH monitoring behaviour is also maintained, i.e., the UE monitors the PDCCH in PDCCH-subframes of all Serving Cells when in Active Time.

Proposal 3: The definition of the DRX timers should be clarified for the UE and eNB to understand which PDCCH-subframes are used in counting the DRX timers.
Proposal 4: To adopt Alternative 3, i.e., the PDCCH-subframes of the PCell should be used in counting onDurationTimer and the drx-InactiveTimer.
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