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1. Introduction
Carrier Aggregation is introduced into LTE-A in order to increase the peak data rate. This contribution mainly discusses the DRX mechanism for Rel-10 UE with carrier aggregation. It first discusses the related factors which have impacts on DRX, and then analyzes the detail processes of DRX. Based on the analysis, related proposals are given for discussion.
2. Discussion
The DRX functionality allows a UE in connected state to stop monitoring L1/L2 control signaling in order to save power. Just as [3] mentioned, within a transceiver, power consumption is distributed amongst the baseline baseband, the baseband, the receiver and the transmitter. While the baseline baseband consumes little power and is always on, each of the three other components corresponds approximately to 1/3 of the total power consumption. So we consider DRX in LTE-A also based on this.
2.1. Impacting factors on DRX design
This section mainly discusses the factors which may have affections on DRX in LTE-A. There’re mainly two factors: multiple carriers and LTE-A PDCCH design.
1) Multiple carriers
LTE Rel-8 system has only one component carrier and the DRX is maintained on this component carrier. While multiple carriers are introduced in LTE-A, how to save power effectively on multiple carriers is worth considering.

2) LTE-A PDCCH  design
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 same carrier (PDCCH 1a) or different carriers (PDCCH 1b), and the PDSCH-only carrier appears. So the DRX design should consider the PDCCH design.

For the discussions in the following section, we introduce the following definitions for PDCCH 1b:
· PDCCH  CC subset: component carriers on which a UE shall monitor PDCCH

· PDSCH  CC subset: component carriers on which a UE may receive PDSCH
2.2. DRX mechanism
2.2.1      DRX parameter configuration
There’re mainly two ways to configure DRX parameters: UE-specific and CC-specific. 

1. UE-specific configuration: UE only has only one set of DRX parameters, including onDurationTimer, InactivityTimer etc, and this DRX configuration is fit for all CCs.
2. CC-specific configuration: The DRX configuration can be different on each CC.
The comparison is in the following table:
                                       Table1.  DRX configuration comparison

	
	UE-specific
	CC-specific

	Configuration message size
	Small
	Large

	Transmission latency for large data burst
	Small
	Large if the onduration timer is different on each CCs

	Scheduling complexity
	Simple
Easy to implement and control.
	Complex
Not easy to implement and control


From the above table, it is proposed:

Proposal 1: DRX parameters configuration is UE-specific.

2.2.2 DRX maintenance

There’re two ways to maintain DRX:

· DRX maintenance based on UE: active time is identical for all CCs;
· DRX maintenance based on CC: active time is independent for each CCs;
Sometimes the data amount is not very large, and the transmission will not use all the CCs. If DRX maintenance is based on UE, the non-scheduling CCs have to wake up while the other scheduling CCs are in active time. It is obviously not good for power saving. 
Proposal 2: DRX is maintained individually for each component carrier.

Considering the different PDCCH design, the details of DRX is as follows：
Case 1: PDCCH and related PDSCH on the same carrier
PDCCH monitoring and PDSCH receiving are operated simultaneously on the same carrier. The DRX maintenance on each component carrier is independent. The DRX operation on each CC is the same as the DRX operation in Rel-8.
Considering active time affected by the uplink data transmission including RACH and D-SR, we think there should be some relation between each uplink carrier and downlink carrier, and the active time caused by uplink transmission only affects the related downlink 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. (Note: it is a simple example, and just assumes that the active time is only affected by InactivityTimer and OndurationTimer.)
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                                                             Figure1.   Case 1

Case 2: PDCCH and related PDSCH on the different CCs
In this case, the monitoring state of the PDCCH CC subset should consider all the PDSCH CCs it may schedule. The receiving on certain PDSCH CC is operated simultaneously with the monitoring of the PDCCH CC subset. But if the monitoring of PDCCH CC subset is caused by the retransmission on one PDSCH CC, there’s no need to do the PDSCH receiving on the other CCs. 
Considering active time affected by the uplink data transmission including RACH and D-SR, it only affects the active time on itself and the related PDCCH CC subset. 
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. (Note: it is a simple example, and just assumes that the active time is only affected by InactivityTimer and OndurationTimer.)
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Figure2.   Case 2
From the above analysis, no matter which PDCCH design is used, it is proposed：

Proposal 3: The DRX state of a PDCCH CC should consider the DRX state of other CCs which it may schedule.
2.2.3 Possible optimization

In LTE-A, a UE can use more than one carrier. In order to save power, there’s no need to use all available component carriers for transmission, so we can choose a component carrier subset for a UE according to the UE required data rate, channel condition on each carrier and other factors. The data flow for a UE is not flat, sometimes there’s data burst, while sometimes there’s no data. In order to save power more efficiently, we can activated/deactivated the carriers in the selected component carrier subset dynamically according to the services characteristics. The activation/deactivation can be implemented by RRC signaling or L1/L2 signaling. Considering the latency, L1/L2 signaling is preferred.
3. Conclusion
According to the presentation in section two, it is proposed:

Proposal 1: DRX parameters configuration is UE-specific.
Proposal 2: DRX is maintained individually for each component carrier.

Proposal 3: The DRX state of a PDCCH CC should consider the DRX state of other CCs which it may schedule.
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