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1. Introduction
For carrier aggregation, the following baseline regarding to PDCCH was agreed in RAN1#57:

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator

In essence, separate PDCCH for each component carrier is agreed. The PDCCH carrier and the indicated PDSCH or PUSCH carrier can be in the different carrier.
In this contribution, we mainly consider the DRX based on the above RAN1 agreement. The intention of DRX is power saving. That is when it is not in the time to monitor PDCCH or transmit/receive data, UE can enter sleep mode and close RF. DRX function impacts the time for UE to monitor PDCCH and the time to transmit/receive data. When considering the MAC DRX function, we should consider not only the PDSCH but also the PDCCH.

2. Discussion
For carrier aggregation, network can configure UE multiple carriers for transmission. For DRX function, there’re mainly two options:
Alt.1: DRX based on UE.
Alt.2: DRX based on CC.
2.1. DRX based on UE
The main idea is that UE only maintain one DRX mechanism same as Rel-8 completely, no matter how many CCs is configured. 
The active time are same amongst CCs. HARQ processes on each CC should be considered jointly when start/restart the DRX Inactivity timer, HARQ RTT timer and the HARQ Retransmission timer.
One example of Alt.1 is as below:

In the following figure, the yellow color means on duration, the green color means the DRX Inactivity timer running caused by new data  transmission on CC3, the blue color means the DRX Inactivity timer running caused by new data  transmission on CC2, the white color means sleep state.
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                                                                                  Figure 1    DRX based on UE

The pro and con of the Alt.1 is as below:

Pro: 
DRX handling is simple, and Rel-8 protocol can work well without modification. 
It is appropriate for PDCCH and PDSCH in the same or in different carriers.
Con:


Power saving is not optimal. If there is no transmission on certain CC, the UE have to be active on it.
2.2. DRX based on CC
For the discussions in this section, we introduce the following definitions:

· PDCCH active CC subset: component carriers on which a UE shall monitor PDCCH

· PDSCH active CC subset: component carriers on which a UE may receive PDSCH
· PUSCH active CC subset: component carriers on which a UE may send PUSCH
The main idea is that the DRX is maintained independently on each CC in the PDSCH active CC subset. Considering that the PDCCH and PDSCH may be in the different carriers, the active time in the carrier of the PDCCH active CC subset should be affected not only by its own DRX pattern but also by the all carriers’ DRX pattern. In the other word, the carrier of PDCCH active CC subset is UE based DRX.
There are two cases as below:

Case 1: The PDCCH and PDSCH are in the same carrier:
For example, UE can use CC1/2/3 for PDSCH transmission, and the related PDCCH only can be in the same carrier as the PDSCH. The yellow color means on duration, the green color means DRX Inactivity timer running on CC1, the blue color means DRX Inactivity running on CC2, the pink color means DRX Inactivity timer running on CC3, the white color means sleep state.
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                                                    Figure 2   Case 1 -   DRX based on CC
The pro and con of case 1 is as below:

Pro: 

Power saving performance in non-PDCCH subset carrier is more optimal than Alt.1.

Con:


The DRX operation is more complicated than Alt 1.
Case 2: The PDCCH and PDSCH are in the different carriers:

For example, UE can use CC1/2/3 for PDSCH transmission, and the related PDCCH only in CC1. The yellow color means on duration, the green color means inactivity timer running in CC1, the blue color means inactivity timer running in CC2, the pink color means inactivity timer running in CC3, the white color means sleep state. If CC2 or CC3 is active, CC1 should be active.
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Figure 3   Case 2 - DRX based on CC

The pro and con of case.2 is as below:

Pro: 

Power saving performance in non-PDCCH subset carrier is more optimal than Alt.1.
Con:


The DRX operation is different between PDCCH carrier(s) and PDSCH only carrier(s).
Based on the analysis above, we can learn that Alt 2 is more optimal than Alt 1 if UE has individual RF for each CC. If the RF is not individual of each CC, UE can not control the transmitter/receiver per CC, which will not control . So we propose:
Proposal 1: DRX in CA is dependent on the RF design, and we propose to confirm the relationship between RF and CC.

Considering that the DRX operations are different in the two cases of Alt 2, and which case will be used is dependent on the PDCCH design in RAN1. So we propose:

Proposal 2: DRX in CA is dependent on the relationship between PDCCH and PDSCH which is decided by RAN1.
3. Conclusion
According to the presentation in section two, we think the DRX operation is dependent on the RF design and PDCCH design, so we hope RAN2 to discuss about the two proposals:

Proposal 1: DRX in CA is dependent on the RF design, and we propose to confirm the relationship between RF and CCs.

Proposal 2: DRX in CA is dependent on the relationship between PDCCH and PDSCH which is decided by RAN1.
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