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1
Introduction
In this paper we discuss DRX in LTE-A where carrier aggregation (CA) can be applied. First a short summary of existing E-UTRAN DRX rules and purpose is given, then followed by a discussion on defining some basic terms and steps in order to establish the basis of DRX.  

2
DRX and its purpose
Rel-8 for E-UTRAN introduced RRC Connected mode DRX rules in order to enable UE power savings when no active data transmission of over the air interface takes place. The DRX rules in [1] specify the subframes during which the UE shall monitor the PDCCH of the serving cell for potential resource allocations.

DRX of Rel-8 defines an on-duration during which the UE always monitors the PDCCH. Whenever the UE receives a PDCCH grant for new transmission, it (re-)starts the inactivity timer and as long as the inactivity timer is running the UE monitors the PDCCH. In addition there are timers and fixed offsets for governing HARQ retransmissions in order to allow for optimised power saving, e.g. in VoIP case, as well as rule for monitoring for pending UL grant.
Furthermore there is also the possibility for the eNB to use a MAC CE DRX command to force the UE to “DRX” by stopping the on-duration and inactivity timers of the UE.
Thanks to those rules and timers, PDCCH monitoring activity is well defined and allows for power saving at the UE while guaranteeing the QoS of the services to be supported. Porting this simple approach to LTE-A is desirable.
3
LTE-A DRX and Carrier Aggregation
In the following sections we will look more specifically at the requirements of DRX for LTE-A when CA is applied.
3.1 Basic Requirements for LTE-A DRX
A basic requirement is to re-use, whenever possible, the DRX functionality from Rel-9 as a baseline for LTE-A. A second basic requirement is that if CA is not used in LTE-A the single CC DRX behaviour should be the same as defined for Rel-9.
Proposal 1: whenever CA is not used in LTE-A, DRX as defined in Rel-9 applies.

CA in LTE-A may not be available in all areas. In addition, there may be UEs with different CA capabilities or even some UEs not capable of supporting CA. Furthermore, it should also be foreseen that even though both eNB and UE are CA capable, CA does not necessarily have to be used (for instance when VoIP connection only is used). From this it seems reasonable to conclude the following with respect to DRX:
Proposal 2: DRX for CA is applied only when CA is supported and configured to be used.

Proposal 3: DRX for CA should not negatively impact a UE that is either not CA capable, or not configured to use CA.

3.2
Basic LTE-A DRX requirement
Because the DRX parameters should be set in order to fulfil the delay requirements of the services, they should not depend on whether CA is applied or not. In other words, the DRX parameters do not need to be re-configured when only CA is enabled or disabled to adjust the maximum throughput.

Proposal 4: activation and de-activation of CA does not necessarily require a reconfiguration of the DRX parameters.

Assuming that CA only applies in situations where high data rate transmissions is required, it is proposed that in order to avoid continuous PDCCH monitoring of several CCs, the UE should only be required to monitor the PDCCH of one CC when there is no need for high data rates.  
NOTE:
the delay requirement of the services can be fulfilled by monitoring 1 CC and additional CCs can be used for improving the throughput.
Proposal 5: only when high data rate transmission is required and more than one CC is activated, the UE is required to monitor the PDCCH of more than one CC.
In order to be flexibly coping with the potential need for increased BW it shall be possible to activate further CC in a fast and flexible – yet simple and efficient - way. Also it may be seen beneficial to apply CA in situations where actual transmission time is prioritised in order to optimise overall consumed power connected with transmitting a certain amount of data.
Proposal 6: fast activation / deactivation of CCs are required.
4
Conclusion
Taking Rel-9 DRX as a basis, this contribution has made five proposals for DRX in LTE-A when CA is used:
Proposal 1: whenever CA is not used in LTE-A, DRX as defined in Rel-9 applies.

Proposal 2: DRX for CA is applied only when CA is supported and configured to be used.

Proposal 3: DRX for CA should not negatively impact a UE that is either not CA capable, or not configured to use CA.

Proposal 4: activation and de-activation of CA does not necessarily require a reconfiguration of the DRX parameters.

Proposal 5: only when high data rate transmission is required and more than one CC is activated, the UE is required to monitor the PDCCH of more than one CC.

Proposal 6: fast activation / deactivation of CCs are required.
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