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1. Introduction

In this contribution we are discussing several options which can be used for saving the UE’s battery power when the UE is operating in RRC Connected state. In LTE R8 a connected mode DRX procedure has been defined [1] which saves the UE’s battery power by allowing the UE to discontinuously monitor PDCCH. Having in mind that the LTE-A will be supporting Carrier Aggregation, requiring the UEs to monitor all component carriers at all times can be very power consuming, and therefore the concept of connected mode DRX defined in R8 should be extended to an LTE-A system.
2. LTE-A Connected Mode DRX 
In order to save on the battery power the concept of connected mode DRX, already defined in LTE R8, can be applied to an LTE-A. With respect to this several options can be considered:
Option 1:  Same DRX configuration applies to all component carriers

In this option one DRX Cycle would be configured and would span all the component carriers. In this case whenever there is an activity on any of the component carriers the UE would be required to restart the Inactivity timer (assuming R8 parameters are reused) and continue to monitor all the component carriers. This can be considered as very inefficient as it is not very likely that the UE will need the capacity of the whole system bandwidth at all times. An example for this configuration is shown in Figure 1:
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Figure 1 Example of Active Times when all Component Carriers follow one DRX pattern
Option 2:  DRX is configured independently for each of the component carriers
In this case the DRX procedure and its related parameters would be generally the same as they are already specified in LTE R8. This option is simple from the standardization and implementation points of view as it would reuse the existing R8 functionality. It would also provide enough flexibility in configuring the UE for the purpose of saving the battery power as some of the component carriers could be configured with longer DRX Cycles or even completely turned off by e.g. setting the DRX Cycle time for the subset of component carriers to infinity. Turning off some of the component carriers completely would be useful in the case of VoIP or some other low bandwidth applications where the UE would not be usually required to receive transmissions spanning bandwidths of several component carriers. In order to limit the implementation complexity of DRX timers associated with each of the component carriers some configuration restrictions could be imposed, e.g. the ON times could be restricted to start at the same time on relevant component carriers. An example for this option is shown in Figure 2:
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Figure 2 Option 2 example of Active Times for each of the component carriers (DRX ON Duration is configured to be the same for all CCs)
Option 3:  One DRX configuration which applies to one component carrier (anchor) only 
In this case one DRX configuration can be specified and would apply only to one (anchor) carrier. The other carriers can then be activated by the eNodeB by explicit or implicit triggers and rules. For example, eNodeB could explicitly signal to the UE via MAC Control, or PDCCH signaling, to activate monitoring of other component carriers - as needed. The UE could stop monitoring these carriers once the “common” Inactivity Timer or alternatively individual component carrier’s Inactivity Timers expire. The advantages of described explicit signaling approach are that the set of component carriers which the UE monitors can be dynamically adjusted as needed, but there is a drawback expressed through added control signaling overhead, and additional functionality that would need to be implemented compared to what is currently defined in LTE R8.  An example of explicit Component Carrier activation is shown on figure 3:
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Figure 3 Option 3 example of Component Carrier Active Times where explicit signaling is used to activate Component Carriers. 
In our view out of the three described options we are proposing to take the Option 2 as the baseline approach to DRX procedure in LTE-A as it would be the simplest way to extend the DRX procedure from R8 to LTE-A. This option would not require new functionality to be specified and it provides enough flexibility to configure DRX parameters to save on the UE’s battery power while accommodating different user traffic profiles.
Proposal 1: The DRX is configured independently for each of the component carriers.
Proposal 2: LTE R8 DRX procedure, applied independently to each of the component carriers, is a baseline LTE-A DRX procedure 
The improvements to this baseline approach, such as explicit activation of component carriers or some kind of implicit triggers (e.g. certain component carrier’s PDSCH activity level) which would be used to activate or deactivate monitoring of other component carriers, do have potential benefits and in our view would require some further investigation:
Proposal 3: Further enhancements to the proposed baseline LTE-A DRX procedure (e.g. explicit activation of individual component carriers, implicit activation/deactivation of component carriers, etc.) are FFS
3. Conclusion
Based on the discussion in the paper the following proposals are made in this document:

Proposal 1: The DRX is configured independently for each of the component carriers.
Proposal 2: LTE R8 DRX procedure, applied independently to each of the component carriers, is a baseline LTE-A DRX procedure
Proposal 3: Further enhancements to the proposed baseline LTE-A DRX procedure (e.g. explicit activation of individual component carriers, implicit activation/deactivation of component carriers, etc.) are FFS
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Explicit activation of CCs by an anchor CC0
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