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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 impacts DRX, and then analyzes the detail operation of DRX. Based on the analysis, related proposals are given for discussion.
2. Discussion
The DRX mechanism allows a UE in connected state to stop monitoring PDCCH 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 other three components corresponds approximately to 1/3 of the total power consumption. So the consideration on DRX design in carrier aggregation is also based on this.
2.1. Impacting factors on DRX design
This section mainly discusses the factors which may affect DRX in LTE-A. There’re mainly three factors: multiple carriers, LTE-A PDCCH design and relationship between CC and RF.
1) Multiple carriers
LTE Rel-8 system has only one carrier and the DRX is maintained on this component carrier. With the introduction of carrier aggregation, UE can work with higher peak rate and the data amount will change in a wider range than Rel-8. We should avoid the two cases as below:

a) The data amount is small but all carriers are awake;

b) The data amount is large but only a few carriers can work but others are sleeping;

So how to make DRX work effectively on multiple carriers is worth considering.

2) LTE-A PDCCH  design
From LS R2-093709, we can learn that there are two PDCCH designs:
a) PDCCH is as same as Rel-8, which can indicate the PDSCH/PUSCH transmission on the same carrier. 
b) CI field is included in PDCCH, and the PDCCH can indicate the PDSCH/PUSCH transmission on the different carrier. 
That is PDCCH carrier and the indicated PDSCH/PUSCH carrier can be the same carrier(PDCCH option 1a) or different carriers (PDCCH option 1b), and the PDSCH-only carrier is possible in cross-carrier scheduling scheme. So the DRX design should also consider the cross-carrier operation.
For the discussions in the following section, we introduce the following definitions for PDCCH option 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.
As specified in TS36.321 in Rel-8, the DRX definition is towards PDCCH monitoring. Considering the compatibility with Rel-8, it is good to keep the same definition in carrier aggregation. Wether it is necessary to define the active time on the PDSCH-only carrier(s) needs discussion.
 Proposal 1: DRX definition keeps same as Rel-8, and whether to define the active time on the UE PDSCH-only CC(s) needs discussion.
3) Relationship between CCs and RF(s)
Carrier aggregation can be classified into continuous and discontinuous carrier aggregation. Continuous carriers may use only one RF, but discontinuous carriers may use different RFs. To affirm the relationship between CCs and RF(s) is necessary, especially whether the UE PDSCH-only CC(s) may have separate RF. If using the separate RF for different PDSCH-only carriers, the PDSCH-only carriers can have same or different active time, and the different active time can be better power saving.
2.2. DRX mechanism
There’re four DRX mechanisms were mentioned till RAN2#67, and listed  in the table below：
Table1.  DRX mechanisms
	
	DRX parameters configuration
	DRX  maintenance

	Alt.1：individual DRX[7]
	CC-specific
	CC-specific

	Alt.2：common DRX[4]
	UE-specific
	Anchor CC maintenance

	Alt.3：Anchor CC DRX[8]
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[9]
	Anchor CC：full DRX parameters  configuration

Non-anchor CCs：none or part of DRX parameters  configuration 
	Anchor CC：CC-specific 
Non-anchor CCs：controlled by anchor CC


	Alt.4：Common configurations
 Independent DRX[5]
	UE-specific
	CC-specific


When PDCCH option 1a is configured, all these four solutions can works. But if PDCCH option 1b is employed, Alt.3 can’t work except the number of PDCCH CCs in PDCCH CC subset equals to one. So the following analysis rules out Alt.3. In addition, Alt.1 also needs to do some coordination when configuring DRX parameters on each CC in order to support PDCCH 1b. 
From the above table, we can see the differences amongst these DRX mechanisms lay on the following two points:
· DRX parameters configuration

· DRX maintenance
2.2.1 DRX parameter configuration
There’re mainly two ways to configure DRX parameters: UE-specific and CC-specific.
·  UE-specific configuration: The DRX configurations on each CC are same.

· CC-specific configuration: The DRX configuration can be different on each CC.

The comparisons of the two solutions are in the following table:
                                                   Table2.  DRX configuration comparison

	
	UE-specific
	CC-specific

	Configuration message size
	Small, same as Rel-8
	Large, needs to extend multiple size for the multiple carriers

	Configuration complex
	easy, same as Rel-8
	Need to do coordination when PDCCH option 1b is employed

	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 2: DRX parameters configuration is UE-specific, i.e. same for all CCs.

2.2.2 DRX maintenance

There’re two ways to maintain DRX:

· DRX maintenance based on UE: active time is UE-specific, i.e. identical for all CCs;
· DRX maintenance based on CC: active time is CC-specific, i.e. independent for each CCs;
As mentioned above，power consumption mainly lays on the baseband, the receiver and the transmitter.

CCs use only one RF:
Whatever PDCCH option 1a or PDCCH option 1b is employed, if all CCs use only one RF, no matter how many CCs are used for data transmission, the RF is always on. But per CC DRX maintenance may decrease the baseband power consumption. 
CCs use different RFs:

For PDCCH option 1a, if all CCs use more than one RF, if the data amount is small, some RF(s) can be turned off. For PDCCH option 1b, if there is UE PDSCH-only CC(s) use separate RF(s), some RF(s) can be turned off dependent on the transmission data amount. That is to say  DRX maintenance based on CC can save both transceiver power consumption and baseband power consumption  when  CCs use different RFs.
Proposal 3: DRX maintenance is CC-specific.
Considering the different PDCCH design, the details of DRX is as follows：
Case 1: PDCCH option 1a
PDCCH monitoring and PDSCH receiving are operated simultaneously on the same carrier. The DRX maintenance on each component carrier is independent and  same as Rel-8. The  uplink transmission such as RACH and D-SR only affects the active time of the related PDCCH 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 option 1b
In this case, the active time of the PDCCH CC subset should not only consider all the PDSCH CCs it may schedule but also needs to consider the active time caused by the uplink transmission such as RACH and D-SR. 
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 PDSCH CC if this CC is UE PDSCH-only CC(s).
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 4: The active time of a PDCCH CC should be the overlapping of active time on all CCs which it may schedule.
Proposal 5: If the active time on UE PDSCH-only CC is defined. The active time should include time during the Onduration timer, the DRX inactivity timer and retransmission timer started for the data transmission on this PDSCH-only CC.
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 always use all available component carriers for transmission. For example, when there is radio bearer release, the assigned CCs number may need to be changed in order to reduce power consumption.  And another example, the data flow for one radio bearer is not flat, sometimes there’s data burst, while sometimes there’s no data. In all these cases, CC activation/deactivation may be used. The activation/deactivation can be implemented by RRC signaling or L1/L2 signaling. 
3. Conclusion
According to the presentation in section two, it is proposed:

Proposal 1: DRX definition keeps same as Rel-8, and whether to define the active time on the UE PDSCH-only CC(s) needs discussion.
Proposal 2: DRX parameters configuration is UE-specific, i.e. same for all CCs.

Proposal 3: DRX maintenance is CC-specific.
Proposal 4: The active time of a PDCCH CC should be the overlapping of active time on all CCs which it may schedule.
Proposal 5: If the active time on UE PDSCH-only CC is defined. The active time should include time during the Onduration timer, the DRX inactivity timer and retransmission timer started for the data transmission on this PDSCH-only CC.
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