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Discussion and Decision
1
Introduction
In LTE release 8 DRX procedures have been defined to minimize UE processing while maintaining QoS requirements. In LTE Advanced carrier aggregation will be introduced where more than one component carrier may be active for a given UE. Since each of the component carriers that a UE is configured to receive may provide PDCCH it will be necessary to clarify how DRX procedures are applied with carrier aggregation. In this contribution we discuss how the existing DRX procedures should be modified to support PDCCH reception requirements when the UE is configured to receive PDCCH on more than one component carrier.
2
Discussion
An LTE-A UE may have additional DRX procedures beyond what is specified for Rel-8 for reception of more than one DL component carrier (CC). 

An LTE-A UE when in a Rel-8 cell must support standard LTE release 8 DRX operation. When in an LTE-A cell and there is only one active DL CC Rel-8 DRX procedures can be equally applied.
When an LTE-A UE is configured to receive more than one DL CC there are not strong motivations to alter the DRX behavior from what we have in Rel-8 for a first or primary carrier. This CC for example could be the special cell CC.    
Proposal 1: The component carrier on which the special cell is mapped shall use the Rel-8 DRX behavior as a baseline

When the UE is configured to receive additional DL CC the two fundamental approaches are either to have a Common DRX state across all CCs or have an Independent DRX state on these CCs (i.e. is the Active Time the same for each CC or not). For the following reasons we believe a DRX solution that allows for having different Active Time on individual CCs is better suited solution for carrier aggregation:
· Having a common DRX Inactivity Timer applying to multiple CCs will needlessly activate PDCCH reception on CCs that are not being scheduled. This is particularly inefficient for the case of UL scheduling. And for DL scheduling, continuing activation of CCs that are not being scheduled just does not appear to be the proper choice.
· It is not clear how any solution could justify having common DRX RTT and Retransmission timers apply to multiple CCs. Since we have already agreed HARQ processes are CC specific (i.e. retransmissions are always on the same carrier) activating reception on CCs for which retransmission will never arrive also does not appear to be proper choice.
· The SR pending criteria applied to multiple DL CCs also does not seem justified. The UE only needs one UL grant. This is often just so that a BSR may be sent. Also with the PDCCH CI any one DL CC has the ability to schedule as many UL CCs as necessary.

· In release 8 we have defined highly accurate DRX procedures to minimize UE processing and battery consumption. This motivation for an accurate DRX should only be stronger when the UE has to support reception of more than one CC. When a configured CC is active, UE power consumption for each CC should perform no less than compared to the Rel-8 baseline.
· The impact of the different possible NW implementations on UE power consumption should not be expanded beyond that of Rel-8. The NW controls PDCCH activity, and impacts UE power consumption by implicitly controlling DRX behaviour. The NW taking into account the multiple CCs in its scheduling decisions and/or timely activation and deactivation depart from Rel-8 principles where any UE PDCCH monitoring activity implicitly adjusts to actual traffic patterns (based on timers). Independent DRX would help ensuring that this principle can be maintained.
Proposal 2: Component carriers that are configured by RRC as additional resources may have a different DRX state than the component carrier on which the special cell is mapped (whether or not modification to release 8 behavior is needed is FFS); 
Rel-8 DRX procedures define UE PDCCH monitoring requirements. Active Time is defined as the time during which the UE monitors PDCCH. To avoid confusion between releases it is important that this definition remains consistent (i.e. Active Time remains the period of PDCCH monitoring).
Taking into consideration the points identified above justifying proposal 2 it is our view that PDCCH activity on a particular CC should be one criterion in determining the Active Time for that CC. For example PDCCH reception should result in setting of Inactivity and Retransmission timers of the same carrier as we have in Rel-8.
When a UE is configured to receive more than one CC with a PDCCH we may find that there are additional PDCCH reception criteria that contribute to the Active Time of a CC. For example the Active Time of a CC could be affected by PDCCH reception on a different CC, possibly with the CI. Since there appears to be several ways to apply and handle these possibilities we think these aspects need further study before any conclusions can be drawn.
Proposal 3: For all CCs configured with a PDCCH, DRX timers applicable to a given CC are governed by PDCCH activity, including PDCCH activity within that CC with Rel-8 criteria; whether or not reception of PDCCH in a different CC, possibly with carrier indication, provides additional criteria is FFS;
RAN2 has already agreed at meeting #66 that “after RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling”. Whether this is one or two separate procedure is still under discussion.

At the last RAN2 meeting proposals for additional CC activation and deactivation procedures were discussed. If RAN2 agrees to extend the principles applied for Rel-8 DRX to DRX for multicarrier in Rel-10, then the granularity of DRX on each configured/activated CC can be made comparable to that of Rel-8; additional methods for activation and deactivation of individual CCs are not critical to system operation and may be considered as further optimization at a later stage.

It is our view that the need for additional activation and deactivation procedures is dependent on the need for faster activation/deactivation and the frequency these procedures would be needed. At this point we do not see any speed or frequency requirement that cannot already be accomplished by RRC procedures.
Proposal 4: The baseline method for carrier activation and deactivation is RRC signalling; additional optimizations may be considered later and can be left FFS.
3
Conclusions
It is proposed that RAN2 discusses and agrees on the following proposals:
Proposal 1: The component carrier on which the special cell is mapped shall use the Rel-8 DRX behavior as a baseline

Proposal 2: Component carriers that are configured by RRC as additional resources may have a different DRX state than the component carrier on which the special cell is mapped (whether or not modification to release 8 behavior is needed is FFS); 

Proposal 3: For all CCs configured with a PDCCH, DRX timers applicable to a given CC are governed by PDCCH activity, including PDCCH activity within that CC with Rel-8 criteria; whether or not reception of PDCCH in a different CC, possibly with carrier indication, provides additional criteria is FFS;

Proposal 4: The baseline method for carrier activation and deactivation is RRC signalling; additional optimizations may be considered later and can be left FFS;
