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1 Introduction
LTE-Advanced supports the carrier aggregation of component carriers for wider bandwidth transmission. RAN1 has decided that a component carrier can be one of the carrier types: backward compatible, non-backward compatible, or extension carrier. Based on the decision, RAN2 has discussed the idle mode operation for the carrier types and agreed the major idle mode procedure. In this contribution, we discuss DRX procedure when the LTE-Advanced UE is operating in connected mode.

2 Discussions
2.1 DRX Parameters

LTE-Advanced UE can utilize multiple component carriers in parallel to receive PDCCHs in connected mode. The capability may consume much battery power, so that it requires optimized DRX mechanisms and efficient signaling. When we consider the LTE procedure, the Rel.8 DRX procedure can be easily applied to the LTE-Advanced UE. Therefore, we expect that the LTE-Advanced reuses LTE DRX procedure as possible as it can.

Considering DRX parameters, the DRX operation uses parameters such as onDurationTimer, drx-InactivityTimer, shortDRX-Cycle. When we employ multiple sets of DRX parameters, more flexible DRX operations could be supported because the DRX parameters can be configured independently among component carriers. However, it would be better to configure one common DRX parameter set for the whole component carriers and each component carrier runs individually after configuration. We could not find any reasons to configure the parameters separately and some companies already expressed the same views in their contributions in previous RAN2 meetings.

Proposal 1: One common DRX parameter set is configured for LTE-Advanced UE.
2.2 DRX Command MAC CE

LTE provides DRX Command MAC control element which orders the UE enters into the long DRX directly. If we apply the control element to LTE-Advanced UE, the meaning would be adapted to accommodate the multiple component carrier architecture. So, we propose the DRX Command MAC CE designates the UE switches to the long DRX and the operation applies to entire component carriers. It would be a natural way forward and the signaling overhead could be reduced.
Proposal 2: When the LTE-Advanced UE receives the DRX Command MAC CE, the UE enters into the long DRX directly and it applies to entire component carriers.
In addition, there’s a case that some of component carriers need to be switched from short to long DRX for efficient DRX control. The operation could be implemented by introducing an additional DRX Command MAC CE which indicates the LTE-Advanced UE enters an individual component carrier into the long DRX operation. The CE can be composed of a MAC PDU subheader and a carrier index field.
Proposal 3: Introduce a new DRX Command MAC CE which indicates the UE enters an individual component carrier into the long DRX.
2.3 Carrier Indicator

At the last RAN1 meeting, PDCCH CI (Carrier Indicator) field has been adopted to indicate another carrier’s PDSCH allocation. The decision would have an impact on the DRX procedure because the presence of PDCCH on one component carrier can trigger the PDSCH reception of another component carrier. If we allow the eNB to transmit the signaling every subframes, UE may always prepare to demodulate other carrier’s PDSCH regardless of DRX operation. Hence, the behavior should be avoided to reduce UE’s unnecessary continuous reception.
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Figure 1: DRX operation with CI field 
We suggest that the eNB transmits the CI field only when the indicated component carrier is operating in on-duration. Even though the restriction lessens scheduling flexibility, the proposal would be efficient to the LTE DRX procedure and then UE’s power consumption can be decreased. Besides, we propose that the designated component carrier is operated as if the carrier receives PDCCH directly. Still RAN1 hasn’t decided whether the Extension Carrier has its own PDCCH or not, the mechanism could increase the carrier efficiency in any cases.
Proposal 4: CI field is transmitted only when the designated component carrier is operating in on-duration.

Proposal 5: The designated component carrier is operated as if the carrier receives PDCCH directly.

3 Conclusion

Based on the above descriptions, we summarized the following proposals.
Proposal 1: One common DRX parameter set is configured for LTE-Advanced UE.

Proposal 2: When the LTE-Advanced UE receives the DRX Command MAC CE, the UE enters into the long DRX directly and it applies to entire component carriers.

Proposal 3: Introduce a new DRX Command MAC CE which indicates the UE enters an individual component carrier into the long DRX.

Proposal 4: CI field is transmitted only when the designated component carrier is operating in on-duration.

Proposal 5: The designated component carrier is operated as if the carrier receives PDCCH directly.
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