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1. Introduction 
In LTE Rel-8, discontinuous reception (DRX) has been introduced and defined in TS36.321 to reduce UE’s power consumption. A set of parameters is defined for UE to enter DRX mode and stop monitoring L1/L2 signalling when traffic activity is low or data buffer is empty. For LTE-A, carrier aggregation concept is introduced to support large bandwidth transmission. In this contribution, we discuss the extension of DRX operation to carrier aggregation mode.
2. DRX in Carrier Aggregation Mode
The main goal of DRX is power saving. To efficiently manage the battery power in the carrier aggregation mode, several contributions have been proposed [1-5]. In those contributions, there major options are discussed:

- Option 1: identical DRX configuration for all component carriers

- Option 2: individual DRX configuration for each component carriers

- Option 3: anchor carrier-based DRX operation

Option-1 is the simplest method and can support LTE-R8 backward compatibility. However, the efficiency of power consumption is low. Option-2 can have the highest scheduling flexibility among multiple component carriers, but multiple DRX timers and states are required, which would make the implementation complicated. As for option-3, only one set of DRX parameters for anchor carrier is required. UE only monitors the PDCCH over the anchor carrier to detect the arrival of DL burst. If DL bursts are scheduled to be transmitted onto other non-anchor component carrier, a kind of signaling (implicitly or explicitly) is required to indicate the activation of these carriers, as shown in Fig 1. By doing so, option-3 can achieve the best power saving performance. 
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Figure 1: Example of anchor carrier-based DRX operation
Actually, the data transmission over multiple component carriers can be aggregated into single component carrier (i.e., anchor carrier) as much as possible. By evenly distributing anchor carriers for UEs, it may not be necessary to have multiple individual DRX configurations. Take the Figure 2 as an example. The DL burst for UE1 can be scheduled in CC1 by shifting the DL burst for UE2 to CC2. If the anchor does not have enough bandwidth to support the data transmission, non-anchor component carriers can be activated by demand.

Proposal 1: For carrier aggregation DRX, UE is assigned with an anchor carrier and a set of DRX parameters is configured.

Proposal 2: For carrier aggregation DRX, UE decodes the L1/L2 signaling in the anchor carrier and activates the non-anchor component carrier. The signaling of non-anchor component carrier is FFS.
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Figure 2: Anchor carrier-based DRX with rescheduling
Although anchor-based operation can have a better power consumption performance, it may have single-point-of-failure problem. That is, if UE can not correctly decode the PDCCH in the anchor carrier when the channel condition deteriorates, it may miss the DL bursts transmitted over anchor and non-anchor component carriers. For contiguous-band carrier aggregation, the problem may not be serious because all the component carriers have similar channel characteristics; however, for non-contiguous-band carrier aggregation, the problem deserves some considerations. To alleviate this problem, anchor carrier switching mechanism can be applied. For example, when UE or eNB detects that the channel quality goes worse, the anchor carrier can be switched to another component carrier whose channel quality is good. Additionally, the anchor carrier switching may be invoked due to traffic congestion.
Proposal 3: Anchor carrier switching for carrier aggregation DRX is FFS.

3. Conclusions
Here, we suggest several ways forward.
Proposal 1: For carrier aggregation DRX, UE is assigned with an anchor carrier and a set of DRX parameters is configured.

Proposal 2: For carrier aggregation DRX, UE decodes the L1/L2 signaling in the anchor carrier and activates the non-anchor component carrier. The signaling of non-anchor component carrier is FFS.
Proposal 3: Anchor carrier switching for carrier aggregation DRX is FFS.
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