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1. Introduction
Carrier aggregation is introduced into LTE-A, power saving becomes more important in multi-carriers system for UE battery. This contribution mainly discusses the DRX scheme for Rel-10 UE with carrier aggregation. It first discusses the related factors which impact DRX, and then analyzes the detail DRX operation. Based on the analysis, related proposals are given for discussion.
2. Discussion
The DRX scheme allows a UE in connected state to stop monitoring PDCCH for power saving. 
2.1. Impacting factors on DRX design
This section mainly discusses the factors which may affect DRX in LTE-A, listed below: 

1) Multi-carriers
LTE Rel-8 system has only one carrier and DRX is maintained on this 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 following two cases to happen:

· The data amount is small but all carriers are awake;

· The data amount is large but only a few carriers can work while the others are sleeping;

So how to make DRX work effectively with multi-carriers is worth considering.

2) LTE-A PDCCH  formats
RAN1 has made the following agreement in the previous meeting:

	RAN1 has decided to support the inclusion of a Carrier Indicator (CI) Field consisting of 1-3 bits to dynamically indicate the component carrier where PDSCH or PUSCH transmission is scheduled. The CI Field allows the component carrier on which PDCCH is transmitted to be different from the component carriers on which PDSCH or PUSCH is transmitted. The inclusion or not of the CI field is semi-statically enabled.


From above table, we can see that PDCCH carrier and the indicated PDSCH/PUSCH carrier can be the same carrier (PDCCH option 1a) or different carriers (PDCCH option 1b) and the UE PDSCH-only carrier may exist.
As specified in TS36.321, the DRX definition is towards PDCCH monitoring. Considering the compatibility with Rel-8, it is good to keep the same definition in carrier aggregation. Whether it is necessary to define the active time for UE PDSCH-only carrier(s) may need discussion.
Proposal 1: DRX definition keeps same as Rel-8, and whether to define the PDSCH active time needs discussion.
In order to facilitate the description, we named the receiving time on PDSCH-only CC as its active time.
3) Relationship between CCs and RF(s)
Carrier aggregation can be classified into continuous and discontinuous carrier aggregation. Discontinuous carriers may use different RFs. Just as [2] mentioned, RFs and baseband consume most of the power, so turning off some RFs and basebands when they are not used will be good for power saving.
2.2. DRX scheme
There are four DRX schemes were mentioned till RAN2#67bis, listed in the table below：
Table1.  DRX schemes
	
	DRX parameters configuration
	DRX  operation

	Individual DRX[7]
	CC-specific
	CC-specific

	Common DRX[2]
	UE-specific
	UE-specific

	Anchor CC based

 DRX[4]

 REF _Ref244513840 \w \h 
[6] [8]

 REF _Ref241397177 \n \h 
[9] [10]
	A special case of UE-specific
Note: Some parameters may be optional for the non-anchor CC(s)
	CC-specific

Note: The start of DRX inactivity timer is FFS

	Common configurations
 Independent DRX[5]
	UE-specific
	CC-specific


From the above table, we can see the differences amongst these DRX schemes lay on the following two points:
· DRX parameters configuration

· DRX operation
2.2.1 DRX parameter configuration
From table1, it can be seen that the parameters configuration of anchor CC based DRX can be regarded as a special case of UE-specific parameters configuration (The onDuration timer configuration is FFS). So there’re mainly two ways to configure DRX parameters: 
·  UE-specific: The DRX parameters configurations on each CC are same.
·  CC-specific: The DRX parameters configurations on each CC can be different.
The comparisons of the two solutions are listed in the table below:
                                                   Table2.  DRX configuration comparisons
	
	UE-specific
	CC-specific

	Configuration message size
	Small, same as Rel-8
	Large, needs to extend multiple size for  multi-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 table2, it can be concluded that CC-specific DRX parameters configuration is more complex but no obvious advantage can be seen, so it is proposed:

Proposal 2: DRX parameters configuration is UE-specific.
2.2.2 DRX operation
There’re mainly three ways to maintain DRX:

· Alt1: UE-specific DRX operation: active time on all CCs are identical, same as Rel-8.
· Alt2: CC-specific DRX operation: active time is independent on each CC.
· Alt3: Anchor CC based DRX operation: activation of non-anchor CC(s) are triggered by anchor CC(s).
Since MAC procedures such as scheduling and HARQ are all CC-specific, so we should analyze the affection of data first transmission/retransmission on one CC to the other CCs under different DRX schemes:
Alt1: 
a) Data first transmission or retransmission on one CC will always affect the active time on all CCs.
Alt2: 
a) Data first transmission or retransmission on one CC only affects the active time on itself.
Alt3: 
a) Data retransmission on one CC only affects the active time on itself.
b) Whether data first transmission on one CC will affect the active time on the other CCs depends on the anchor CC DRX design.
Form the aspect of power saving, it is reasonable that data retransmission on one CC will only affect itself.
Proposal 3: The active time impacted by data retransmission (i.e. retransmission timer) is CC-specific.
For CC-specific DRX, the DRX operation on each CC is identical to Rel-8. No new procedures are needed to be introduced. 
For anchor CC based DRX, the operation on anchor CC is Rel-8 compatible and can be seen as CC-specific DRX operation on this CC. But the operation on the other non-anchor CC(s) is not clear till now. So some clarification must be made, listed below:
1. The definition of anchor CC
Does the anchor carrier have the highest radio link quality? Is the anchor CC and the special cell are same CC? A clear definition on anchor CC needs to be made..
2. The configuration on non-anchor CC(s)
If all DRX parameters (including onDuration timer) are used on non-anchor CC(s), it will be similar as CC-specific DRX operation except that the anchor CC can activate the non-anchor CC(s). So we can consider it as the optimization of CC-specific DRX operation.
But if not, some operation and measurement requirement on non-anchor CC(s) which are related to the DRX cycle should be considered. For example, the minimum requirement of Qin/Qout evaluation period which is used for radio link monitoring in Rel-8([11]) is related to the DRX cycle, and the periodic CQI/PMI/RI and SRS are also usually configured related to DRX cycle.
3. The operation on non-anchor CC(s)
How to trigger these non-anchor CCs to become active is not very clear based on current contributions. 
4. Adaptation to PDCCH format
PDCCH CC set may also be introduced together with PDCCH 1b for some reasons, e.g. PDCCH blocking. If PDCCH CC set is adopted, PDCCH CC can switch amongst PDCCH CC set dynamically. If only one anchor CC is configured, how to support this PDCCH scheme?  Maybe anchor CC set should be introduced.

As a summary, no matter CC-specific DRX or anchor CC based DRX is used, CC-specific DRX timers (including DRX Inactivity timer, HARQ RTT timer, HARQ Retransmission timer and so on) maintenance is preferred.
Proposal 4: DRX timer maintenance is CC-specific.

2.2.3 The relationship between PDCCH and PDSCH 
There are two PDCCH options：PDCCH option 1a and PDCCH option 1b.
Case 1: PDCCH option 1a
PDCCH monitoring and PDSCH receiving are operated simultaneously on the same carrier. So the active time of the PDCCH is the active time of the PDSCH.                                                                        
Case 2: PDCCH option 1b
In this case, PDCCH CC set is used. In order to support the dynamic switch of PDCCH CC, the active time of each PDCCH CC in the PDCCH CC set should keep consistent. The active time of a PDCCH CC should be the overlapping of the active time on all CCs which it may schedule.
Proposal 5: The active time of a PDCCH CC should be the overlapping of the active time on all CCs which it may schedule.
Just as analyzed above, the active time on PDCCH and PDSCH is same in case of PDCCH 1a. 
While in case of PDCCH 1b, the definition of active time on PDSCH has two ways:

a) The active time on PDSCH CC is same as the PDCCH CC which schedules it.

b) As it is proposed above, DRX timer maintenance is CC-specific, if PDCCH 1b is employed, one PDCCH CC(set) may maintain N group of DRX timers,  one  group DRX timer is related to one PDSCH which the PDCCH CC(set) may schedule. So the active time of PDSCH CC will be affected by the timers started on the PDCCH CC(set) only for this PDSCH CC. The timers started on the PDCCH CC which aim for the data transmission on the other PDSCH CC(s) have no impaction on this PDSCH CC.
It is obvious that method b) is more benefit for power saving, so it is proposed:

Proposal 6: 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.
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 PDSCH active time needs discussion.

Proposal 2: DRX parameters configuration is UE-specific.
Proposal 3: The active time impacted by data retransmission (i.e. retransmission timer) is CC-specific.
Proposal 4: DRX timer maintenance is CC-specific.
Proposal 5: The active time of a PDCCH CC should be the overlapping of the active time on all CCs which it may schedule.
Proposal 6: 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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