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1. Introduction

RAN2 #84 decided per-Cell Group DRX operation for a UE. This contribution discusses details of per-Cell Group DRX configuration & operation and the need & level of coordination for DRX operation between the MeNB and SeNB.
2. Discussion
2.1 Incorporating per-Cell Group DRX operation in the specification
DRX operation is primarily based on Active Time. Per-Cell Group DRX would probably mean that Active Time is determined for each cell group independently. As in the table 1, there are various types of Active Times. It needs to be identified that which of the Active Time(s) shall be applicable for SCG. Our understanding is all the Active Time(s) are applicable for both cell groups. 
	
	Type of Active Time 
	Applicable to SCG 

	1
	Active Time due to onDurationTimer 
	Yes. onDurationTimer for SCG would be determined by SeNB

	2
	Active Time due to drx-InactivityTimer
	Yes. drx-InactivityTimer for SCG would be determined by SeNB

	3
	Active Time due to drx-RetransmissionTimer
	Yes. drx-RetransmissionTimer for SCG would be determined by SeNB

	4
	Active Time due to mac-ContentionResolutionTimer
	Yes. Contention based random access can be triggered in SCG

	5
	Active Time due to pending scheduling request
	Probably Yes. D-SR resource would be allocated in SCG 

	6
	Active Time due to pending HARQ retransmission
	Yes. Because cross-carrier scheduling is not allowed across cell group, this Active Time is also independent for each cell group

	7
	Active Time due to contention free random access
	Yes. Contention based random access can be triggered in SCG


Table 1
Per cell group operation essentially implies that the events occurred in a cell group shall affect the DRX operation of that cell group only. Hence the timer operations and DRX cycle change behaviour would also be per cell group.

The cell group for CSI/SRS and HARQ feedback transmission would be controlled by PHY. MAC would only determine when they are restricted or allowed in the context of DRX. It should be clearly specified in the specification which cell group CSI/SRS transmission is allowed or not. 
In the light of the above discussion, the following is proposed.

Proposal 1: The specification should be updated to reflect per-Cell Group operation.
Text Proposal on the proposal is presented in the CR R2-14xxx.
2.2 DRX Alignment & Coordination between MeNB & SeNB
In a typical implementation, the RF unit consumes most of the current followed by the baseband (BB) unit and the modem protocol unit. In dual connectivity the MeNB and SeNB will typically operate in different bands and hence two different receivers will be required at the UE for dual connectivity operation. From the RF unit perspective, it makes sense to align the active time for both the carriers if they are operating in the same band (like typically in Rel 10 CA). However if the receivers are operating in different bands then there is no benefit of aligning the active times of the two carriers from RF unit perspective.
Typically a single baseband unit is used to process samples from multiple RF units. From the baseband unit and the modem protocol unit perspective, it makes sense to align the active time for both carriers even if they are operating in different bands. However the amount of benefit depends on the proportion of the current consumption by the baseband unit and the modem protocol unit as compared to the RF unit during the ON state of the modem. If the baseband unit and the modem protocol unit consume much lesser current than the RF unit then the benefit is marginal.
Further the current consumption during the modem warm up and cool down time is not negligible as compared to the fully ON state of the modem [1]. From this perspective, it makes sense to align the active time for both carriers if the current consumption during the modem warm up and cool down time is not negligible as compared to the current consumption in the ON state of the modem (considering receive operation only) otherwise the benefit is marginal. Further even if the current consumption during the modem warm up and cool down time is not negligible, the benefit depends on the long DRX cycle relation among the two eNBs. If the DRX cycle of one eNB is a much higher multiple of the DRX cycle of the other eNB, the benefit of aligning diminishes.
Hence the alignment of the active durations of the MeNB & the SeNB is beneficial if:

· The current consumption during the modem warm up and cool down time is not negligible as compared to the ON state of the modem and;

· The long DRX cycles of the MeNB & the SeNB for the UE are not vastly different
The level of alignment can be for example

· Long DRX Cycle

· Short DRX Cycle

· Dynamic ON period (Inactivity Timer, Retransmission Timer etc)

Considering that short DRX is more closely related to the traffic pattern and that the flows on MeNB & SeNB can often belong to different QoS, it seems enough to leave the alignment at Long DRX cycle level. Further enhancements like MeNB assisting the UE for monitoring of SeNB at its upcoming ON period etc can be FFS.
The responsibility of configuring DRX parameters for SCG lies within SeNB. Hence MeNB should inform its DRX configuration to the SeNB along with the SFN/Subframe offset (if not indicated earlier eg for MIB acquisition etc). Informing DRX parameters to SeNB could be easily achieved if MeNB include DRX-config in the X2 message requesting SCG SCell addition. One can also consider providing a means to update the DRX parameters when it changes. Because DRX configuration change would happen rarely, introducing new signaling just for updating DRX parameters seems overkill. 
In the light of above discussion, the following are proposed.

Proposal 2: To specify such that DRX configuration of MeNB is forwarded to SeNB upon SCG SCell addition. 

Proposal 3: To specify such that DRX configuration of SeNB is determined by SeNB.
Proposal 4: Level of DRX alignment can be left for eNB implementation and further enhancements for DRX coordination can be FFS.
3. Conclusion
Based on the above discussions we propose:-
Proposal 1: The specification should be updated to reflect the per-Cell Group DRX operation as per the proposed CR R2-14xxxx.

Proposal 2: To specify such that DRX configuration of MeNB is forwarded to SeNB upon SCG SCell addition. 

Proposal 3: To specify such that DRX configuration of SeNB is determined by SeNB.
Proposal 4: Level of DRX alignment can be left for ENB implementation and further enhancements for DRX coordination can be FFS.
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