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1 Introduction
This contribution discusses the Rel-10 UE behavior for Discontinuous Reception (DRX) with carrier aggregation. This contribution discusses the impact of supporting multiple component carriers (and possibly multiple receiver chains) in relation to battery savings, and proposes that the UE shall perform DRX independently for each component carriers.

A text proposal to section 5 of TR 36.912 [1], “Support for Wider Bandwidth”, is included in appendix.
2 DRX with Carrier Aggregation
The peak-data rate targets for LTE-Advanced can be fulfilled in a reasonable way only if the transmission bandwidth is increased further compared to what is supported with LTE Rel-8. Thus, one component of the LTE evolution towards LTE-Advanced is an increase of the maximum transmission bandwidth beyond 20 MHz, up to as high as 100 MHz. This is true for both the downlink and the uplink.
To align such an extension of the transmission bandwidth with the requirement on backwards compatibility with Rel-8, so-called carrier-aggregation, will be used. Carrier aggregation implies aggregation of multiple component carriers of a narrower bandwidth. An LTE-Advanced capable terminal is able to access the entire aggregation of multiple carriers, thus experiencing an overall wider bandwidth with corresponding possibilities for higher data rates. RAN4 may decide to support spectrum fragmentation for carrier aggregation, i.e. to support non-contiguous spectrum in LTE-Advanced.
The introduction of carrier aggregation implies an evolution of the radio architecture for the UE, e.g. such as the concurrent use of multiple receiver chains in the radio front end. Support for non-contiguous spectrum also implies that the front end has to be capable of suppressing blocking signals between the different spectrum parts.

In LTE Rel-8, TS 36.321 specifies DRX for UEs in connected state. The DRX functionality allows a UE to stop monitoring L1/L2 control signaling for the purpose of extending a UE’s battery life. Within a transceiver, power consumption is distributed between the baseline baseband, the baseband, the receiver and the transmitter. While the baseline baseband consumes little power and is always on, each of the three other components corresponds approximately to 1/3 of the total power consumption. The startup times for each also differ, and turning on the baseband component may require more than a few tens of ms, including synchronization with network signals. One aspect of carrier aggregation relevant to DRX is thus the distribution of the UE power consumption between different components of a transceiver and their respective startup times.

It may thus be useful to allow the network to have the possibility to configure different DRX cycles for different component carriers, and even in some cases to have to possibility to activate and deactivate component carriers, depending on the UE required data rates.

For example, consider a Rel-10 UE active with a low-rate data service (e.g VoIP) ; in this case, it could be useful to configure only one component carrier with a short DRX cycle, and either configure other component carriers with long DRX cycles or even deactivate L1/L2 monitoring for those carriers (this assumes that RAN1 decides that a Rel-10 UE receives L1/L2 signaling on each component carrier).
Proposal 1: 
The UE shall perform DRX independently for each component carrier, and it shall be possible for the network to configure DRX parameters (e.g. DRX cycles, start offset, timers) for one component carrier independently of other component carriers.
In addition, even when DRX is enabled (short or long cycle), the baseband component has to be awake every DRX cycle for at least the combined “On Duration” period and startup time of the baseband component. 

Some multi-carrier UE architectures may rely on multiple transceiver circuits (transceiver, receiver, baseband and baseline baseband); up to one circuit per supported component carrier may even be used. In case the UE has low transmission activity, the UE active time in which the UE is not scheduled in a given component carrier amounts to a certain power waste and unnecessary battery drain.
Proposal 2: 
It shall be possible for the UE to not monitor any L1/L2 control signalling on a given component carrier. This can be achieved by e.g. RRC configuration [2].

3 Conclusion
It is proposed that RAN2 agrees on the following:
Proposal 1: 
The UE shall perform DRX independently for each component carrier, and it shall be possible for the network to configure DRX parameters (e.g. DRX cycles, start offset, timers) for one component carrier independently of other component carriers.

Proposal 2: 
It shall be possible for the UE to not monitor any L1/L2 control signalling on a given component carrier. This can be achieved by e.g. RRC configuration [2].

A corresponding text proposal to TR 36.912 can be found in appendix. 
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Appendix – TP to TR 36.912
[unmodified text not included]
5
Support of wider bandwidth

Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support wider transmission bandwidths e.g. up to 100MHz and for spectrum aggregation.. 
A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.

· An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.
· It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded

The L1 specification shall support carrier aggregation for both contiguous and non-contiguous component carriers with each component carrier limited to a maximum of 110 Resource Blocks using the Release 8 numerology

· For contiguous carrier aggregation, the needed frequency spacing between the contiguous component carriers will be studied by RAN WG4. This study should include the supported number of RBs per component carrier and the needed guard bands between and at the edges for a certain aggregation case.

· If possible, the same solution should be used in the L1 specifications for contiguous and non-contiguous aggregation. 

It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same. RAN WG4 will study the supported combinations of aggregated component carrier and bandwidths.

5.1
MAC-PHY interface

From a UE perspective, there is one transport block (in absence of spatial multiplexing) and one hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only. A UE may be scheduled over multiple component carriers simultaneously.

5.x
Discontinuous Reception (DRX)
The UE shall support DRX per component carrier, including configuration of the DRX parameters (e.g. DRX cycles, start offset, timers) for one component carrier independently of other component carriers. It shall be possible for the UE to not monitor any L1/L2 control signalling on some of the component carrier(s).
[unmodified text not included]
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