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1 Introduction

UE battery saving is an important feature which shall not be compromised unless really needed. With the introduction of inter-ENB carrier aggregation (or dual connectivity), one issue is how to realize DRX functionality. This contribution first looks at whether current ‘per-UE DRX’ is applicable or not. In addition, an extension of the current DRX mechanism is discussed.
2 Discussion
DRX is designed in Rel-8 without carrier aggregation taken into consideration. When carrier aggregation is introduced in Rel-10, the DRX mechanism is extended in simple manner that the same active time applies to all activated serving cell(s).  
This ‘per-UE DRX’ should work well in the legacy carrier aggregation, because there is no difficulty for serving ENB and the UE to have the same understanding on Active Time. With two different ENBs scheduling a UE independently, it is no longer valid assumption. Table 1 lists the types of Active Time currently defined.
<Table 1>

	
	Type of Active Time 
	Predictable (e.g. Whether or not affected by scheduling) 

	1
	Active Time due to onDurationTimer 
	Yes if only one DRX cycle is configured (No if two DRX cycles are configured)

	2
	Active Time due to drx-InactivityTimer
	No. Active Time is extended when new transmission is scheduled

	3
	Active Time due to drx-RetransmissionTimer
	No. Active Time is extended when downlink retransmission is required

	4
	Active Time due to mac-ContentionResolutionTimer
	No. The occurrence of random access is unpredictable

	5
	Active Time due to pending scheduling request
	No. The occurrence of Scheduling Request is unpredictable 

	6
	Active Time due to pending HARQ retransmission
	No. The occurrence of uplink scheduling is unpredictable

	7
	Active Time due to contention free random access
	No. The occurrence of random access is unpredictable


The reason why ‘per-UE DRX’ in inter-ENB carrier aggregation is hard to achieve is because most of Active Times are affected by the scheduling and thus unpredictable. The only exception is Active Time due to onDurationTimer, which is predictable to some extent. For radio access network system to work, eNB should know when UE is reachable (i.e. when UE is in Active Time). It is achieved with per-UE DRX to some extent when both eNBs know when onDuraitonTimer starts. If it is ensured, each ENB just schedule the UE with its own Active Time, and UE’s Active Time would be the union of each ENB’s Active Time
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Figure 1 Per-UE DRX operation in inter-ENB carrier aggregation
The drawback of applying ‘per-UE DRX’ to inter-ENB carrier aggregation is the waste of UE battery (e.g. UE monitors MCG serving cells even when MeNB assume UE does not), and the following requirements imposed to the network.  
· SFN synchronization and subframe synchronization between MCG serving cells and SCG serving cells. Otherwise, it would be difficult for SeNB and MeNB to make it sure that onduation occurs at the same point of time.
· cqi-Mask shall be configured so that  PUCCH is not transmitted outside of onDuration 
Observation on per-UE DRX:
· per-UE DRX is applicable for inter-ENB carrier aggregation

· per-UE DRX causes waste of UE battery power

· per-UE DRX imposes requirements on the network
To overcome above drawbacks, it would be possible to extend the per-UE DRX to per-Cell Group DRX where the separate Active Time is managed and applied to the serving cell(s) of each cell group. Despite of simplification executed in defining DRX operation, DRX is fairly complex function. Extending per-UE DRX to per-Cell Group DRX may not be that easy as it appears. The simple term of ‘per-CG DRX’ would have more complicated implications in specification as listed below. 
· PDCCH indicating new transmission affects the Active Time and the DRX cycle of all active serving cells of the corresponding Cell Group
· PDCCH indicating a DL transmission affects the Active Time of all active serving cells of the corresponding Cell Group

· Scheduling Request transmitted in a serving cell of a CG affects the Active Time of all active serving cells of the corresponding Cell Group
· Pending HARQ retransmission in a serving cell of a CG affects the Active Time of all active serving cells of the corresponding Cell Group
· and so on
Observation on per-Cell Group DRX:
· per-Cell Group DRX achieves better battery saving performance than per-UE DRX does
· per-Cell Group DRX may introduce considerable change in the specification

3 Conclusion
Based on the observations made in the discussion section and the firm claim that UE battery saving is not something for compromising, followings are proposed.
Proposal 1: Active Time is managed separately for each cell group 

Proposal 2: RAN2 seeks for the way to specify Per-Cell Group DRX with the minimal spec change  
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