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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 DRX procedures. In this contribution we discuss how the existing DRX procedures could be modified to support PDCCH scheduling requirements for more than one component carrier.
2
Discussion
2.1 Specifying Reception for PDCCH and PDSCH
The existing DRX procedures define PDCCH reception requirements [1]. Active Time is defined as the time during which the UE monitors PDCCH. With the introduction of carrier aggregation this definition needs to be clarified when PDCCH is received on more than one component carrier.
Bandwidth aggregation may operate with backward compatible component carriers [2]. These carriers are accessible to UEs of all LTE releases, and can be operated stand-alone or as a part of carrier aggregation. With backward compatible component carriers each active component carrier may operate with PDCCH as in LTE release 8. 
In RAN1#57 it was agreed as a baseline to define “Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits” [3]. Therefore it is possible that a PDCCH on one component carrier may provide DL assignments on other component carriers. These other extension component carriers [2] must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. This allows for the possibility to have component carriers without PDCCH.
Reception procedures will need to be defined for component carriers without PDCCH, but it would be preferable to avoid the confusion of altering LTE release 8 DRX definitions. Additionally the reception procedures for these component carriers without PDCCH reception requirement seem quite trivial compared to what we have currently specified for PDCCH reception. Reception on these component carriers is just mirrored to the component carrier(s) that may provide DL assignments or if a PDCCH to PDSCH delay is introduced reception is just activated upon DL assignments received for that component carrier. 

If it becomes necessary to specify PDSCH reception requirements on component carriers other than the component carrier the PDCCH DL assignment was received [5] as part of UE DRX procedures this may be defined separately from the existing PDCCH Active Time.

Proposal 1: Keep the existing DRX Active Time Definition as the time during which the UE monitors PDCCH.

Proposal 2: RAN2 should discuss the need to define PDSCH Active Time for component carriers that are not configured for PDCCH reception.
2.2 Common or Independent DRX Cycles
For component carriers that a UE has been configured to receive PDCCH most of the existing DRX procedures could be applied. There are two fundamental approaches to adapting the existing DRX procedures, either a single “Common DRX” process that is applied across all component carriers [5] [6] [7] [8] [9], or “Independent DRX” processes that are applied to each individual component carrier [4] [5] [6] [7] [9]. In the following section we describe DRX operation and choices for each approach.
In the simplest form Independent DRX is the LTE release 8 DRX procedure applied independently on each component carrier configured for PDCCH reception. Each component carrier has configured DRX cycles, On Duration, Inactivity, and Retransmission timers. It could be the networks choice to have the same configurations on each component carrier or not (i.e. staggered On Durations could also be considered).
With independent DRX some transceiver components may be turned off when the UE needs to monitor a subset of the component carriers configured for PDCCH reception. Another benefit of this approach is DRX procedures on each component carrier operate identically to release 8, and changes to specified DRX procedures and existing implementations should be minimal.
With Common DRX there one DRX state applied across all active component carriers. There is one configured DRX cycle, and On Duration that is applied to all component carriers configured for PDCCH reception.

At least one reason common DRX should be considered is a UE with a single RF design will not benefit much from non-coordinated On Durations. It could be argued that this alternative may have the least impact on LTE release 8 specifications, but this is to an extent dependent on how the Inactivity and Retransmission timers are handled.
A common Inactivity Timer across component carriers could also be considered. Any time a PDCCH indicates a new transmission (DL or UL) the inactivity timer is started and PDCCH reception continues on all component carriers configured for PDCCH reception. Although having separate inactivity timers per component carrier would significantly reduce PDCCH processing during periods of reduced transmission activity.
It seems reasonable to restrict PDCCH for DL HARQ retransmissions to the same component carrier (even for PDCCH with band indicator). Therefore it would not make much sense to have common HARQ RTT and Retransmission Timers across component carriers.
Proposal 3: With either common or independent DRX cycles and On Durations: Separate Inactivity, HARQ RTT and Retransmission timers are needed for each component carrier configured with PDCCH reception.
It would be beneficial if PDCCH reception is not required during On Durations of each DRX Cycle on all active component carriers [6] [7] [9]. Whenever a UE is not operating at the maximum transmission rate allowed by the active set of component carriers it will be inefficient and unnecessary to enable PDCCH reception for On Durations on all component carriers. MAC or RRC [4] signalling procedures could be used to enable and disable component carriers, but the signalling overhead and transmission delay introduced each time the data rate changes is undesirable. With MAC or RRC signalling the network is forced to choose between unnecessary UE processing or signalling overhead and transmission delay.
If a component carrier had the ability to activate PDCCH reception on other component carriers, DRX Cycles and On Durations would not be needed on these component carriers. Either an explicit signal [6] [9] or implicit trigger [7] could be considered. One alternative for activation would be to use the existing criteria for PDCCH indicating a new transmission to start or restart the Inactivity timers on other component carriers. These component carriers could follow existing release 8 DRX procedures associated with DRX Inactivity and Retransmission timers once activated and could be simply deactivated when the timers expire [6] [7].
In our view not requiring DRX Cycles and On Durations on some component carriers offers the greatest benefit for UE processing and power consumption benefit with an insignificant effect on transmission latency.

Proposal 4: Some component carriers configured for PDCCH reception may operate DRX procedures without DRX cycles and On Durations.

2.3 Summary Comparison

	DRX Method
	Advantages
	Disadvantages

	Common DRX
	One DRX state across all component carriers is less complex.
	Unnecessary UE processing when reception is not required on all active component carriers.

	Independent DRX
	Least impact to R8 specifications
	Independent DRX Cycles and On Durations increase UE processing and complexity.

	Independent DRX with common cycles
	Least UE processing requirement with minimal effect on transmission latency.
	Need to distribute UE’s between available component carriers.


3
Conclusions
Proposal 1: Keep the existing DRX Active Time Definition as the time during which the UE monitors PDCCH.
Proposal 2: RAN2 should discuss the need to define PUSCH Active Time for component carriers that are not configured for PDCCH reception.
Proposal 3: With either common or independent DRX cycles and On Durations: Separate Inactivity, HARQ RTT and Retransmission timers are needed for each component carrier configured with PDCCH reception.
Proposal 4: Some component carriers configured for PDCCH reception may operate DRX procedures without DRX cycles and On Durations.
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