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1
Introduction

The LTE carrier aggregation (CA) Rel10 WI was approved in latest RAN plenary to introduce support of wider bandwidths than Rel8-9 in E-UTRAN specifications. Previously the CA issues has been discussed in the study item and during that quite detailed issues regarding CA and DRX operation with possibilities of activating and deactivating the additional carriers has been addressed. However, the discussion has somewhat dived to the details before good common understanding of CA operation and design targets has been agreed. 
In this contribution we address the system design targets regarding UE power consumption in RRC Connected mode when both UE and network support CA and based on those targets we derive the requirements for the CA operation in DRX and finally discuss technical solutions how those requirements could be achieved.
2
Discussion 

2.1
UE Power Consumption
It is obvious that during active data transmission when there is plenty of data to be transmitted from/to UE, the UE operates (receives and transmits) with all the component carriers that network has configured, in order to obtain high data rates, shorten the data transmission times and obtain system level gains introduced by more flexible scheduling. However, when there is no active data transmission, the UE should be able obtain and benefit from any possible power savings introduced by DRX. 

In our understanding, for success of the CA feature from end user point of view, it important that the system design is such that with good network and UE implementation it enables same or very similar power saving capabilities that are available in Rel8/9 DRX with same delay profile, i.e. same DRX periods. 
Conclusion 1: The CA system design should naturally take UE power consumption into account and enable UE and network implementation that can support close to UE power saving capabilities as they are now for single carrier case in REL8/9.
When UE operates in DRX mode, it is required that UE listens to PDCCH during the “on-duration” for the possible uplink/downlink resource allocations. When network has configured the CA operation for the UE, it is open if it required for the UE to listen PDCCH from all configured CCs, or only some of those. 
If we consider the case of continuous spectrum of two or more component carriers, one could argue if the potential power saving is significant enough to justify anything else than mandating reception of all component carriers. I.e. instead of receiving single Rel8 20MHz carrier, CA feature would require UE to receive e.g. both configured 20MHz component carriers resulting in continuous 40MHz reception. However, we believe that there is still possible power savings especially when wider bandwidths of combined configured CCs are considered, because the bandwidth may grow beyond a single RF received in some potential configurations. 
Moreover, when CA is configured over multiple bands e.g. one or multiple component carriers around 700-800MHz and one or more component carriers around 2100MHz, the requirement of receiving PDCCH of all configured component carriers would in practice mean waking up two separate RF front-ends during every “on-duration”. 
Even though, there might be some means to optimize UE power consumption, this would clearly have adverse effect to the UE power consumption and Rel8/9 performance could not be even closely met. Therefore, the system design should be such that with good UE and network implementation and configuration the UE would only need to receive PDCCH from single component carrier when data transmission is not ongoing. 
Naturally, as also stated in [3], when there is plenty of data to be transmitted from/to UE, the UE should be able to operate with all possible configured component carriers as fast as possible also after DRX periods and revert back as fast as possible to the DRX operation on single CC which is comparable to Rel8.  

In addition whenever considering requirements for listening on CCs one should also take into account possible measurement activities UE needs to perform for CA purposes (e.g. mobility/CC activation). Possibly this activity needs some coordination between RAN2 and RAN4. This is discussed in more details in [6].
Conclusion 2: The standard should facilitate system deployment where UE configured for CA would not need to monitor PDCCH from all configured CCs during periods of inactivity.
In next chapter we look how above conclusions could be achieved with different design choices.
2.1
Design options
As discussed above and as we have also indicated in [3] that whenever it is not needed due to throughput or flexible scheduling (system capacity gains), to monitor PDCCH on multiple CCs, the amount should be reduced. Similarly there is then a need to be able to increase the amount of CCs on which the UE monitors the PDCCH when this is then needed. So the solutions should be such that when high traffic speeds are required then UE will listen to multiple CCs but on the other hand if data throughputs are to low (or none) then only very limited number CC listening is required. 
In order to facilitate this fast activation and deactivation of CCs for enabling good UE power saving options during CA operation, at least the following design options could be considered for achieving above system operation.
In [4] the topic of activation and deactivation of CCs, methods and their reliability and delay has been discussed. Additionally as we have stated in [5] we see that the RRC configuration is necessary as a basic configuration method for configuring the UE with CA information.
1) Network performs CA off/on Configuration by RRC signaling. Whenever CA is needed the eNB configures the UE with desired component carriers (CC) by using RRC signaling. Similar when CA operation is no longer needed it is de-configured using RRC signaling.. 

2) Based on the already signaled CA configuration (RRC) the network performs CC deactivation/activation signaling by MAC control element (CE). 
3) Network performs CC deactivation/activation signaling by PDCCH signaling.

4) Implicit Component Carrier deactivation/activation done by UE based e.g. on the UE being scheduled on one CC. There is no need for additional activation signaling as activation would be based on scheduling on active CC and would therefore be based on current scheduling and scheduling needs.

For all the different alternatives we have assumed as a baseline that DRX on each configured CC would follow Rel8/9 DRX rules and thus the scheme assumes that the UE monitors (and is thereby reachable) on all activated CCs. In general for solutions 2, 3 and 4, a CC is activated (and potentially also deactivated) using the given method (2, 3 or 4) whenever the eNB sees a need for it – so method 2,3 and 4 are more dynamic and will have faster response times to traffic variations. Additionally they should be able provide better power efficiency due to faster transitions between the amount of CCs being listened to/monitored. But this would be achieved in the expense of complexity and signaling.
After a CC has been activated the UE will monitor the PDCCH of the CC according to the defined DRX operation. When CA is no longer needed the eNB will deactivate the CC(s) by use of similar means as activation or potentially by use of timer. The CA configuration continues to remain in the UE.
Following we look more detailed on the power saving potentials on UE side from each of the above solutions:
The solution 1, in which RRC signaling is used alone, does not seem to provide a flexible solution with low delays. On the other hand it might instead lead to a situation where the CA should be configured in a more (semi-) static manner which on the other hand could cause some potential power cost on UE side.

Solution 2, 3 and 4 would still need some RRC signaling in order to provide the UE with some CA related information (e.g. CA configuration in form of pre-loading [5]). 
The method 2 suffers from a delay in the activation time although this is probably shorter than for solution 1. Additionally the method is more dynamic and thereby better suited for facilitating power saving possibilities, which are required by variable transmissions.
Also method 3 does not suffer from activation delay but more relies on PDCCH reliability. Due to the reduced delay it is seen as more dynamic and suitable for method for fast activation of additional CCs. Due to the low delay it is seen more likely that also CCs will be deactivated faster when not actively used hereby ensuring better power savings for UEs.
Having similar flexibility as solution 3 and similar delay figures also solution 4 is suitable method for fast activation of additional CCs. Also in common with solution 3 is the likelihood of using deactivation due to low or non-existing signaling overhead of activating a CC which ensures higher power saving possibilities in UE. 
So in a summary one could say that dynamic CC activation/deactivation methods have better possibility for enabling power saving as those kind of methods can react more fast to variations in the traffic. From the above it is seen that solutions 2, 3 and 4, provides option for fast activation which would be beneficial for enabling good power saving possibility for LTE-A CA. Naturally whenever making these decision also other UE receiver activities needs to be taken into account e.g. measurements.
Conclusion 3: Study in RAN2 possible methods for achieving good power saving possibilities in multiple carrier scenarios
3
Conclusion
UE power consumption was a concern that was taken into account when designing the E-UTRAN system through the definition of DRX for UE’s in RRC Connected mode. 

Similarly for LTE-A CA we strongly believe that UE power consumption and power saving possibilities needs to be taken into account in the system design. Besides the DRX feature in the time domain the LTE-A CA feature needs to support flexibility in the frequency domain – i.e. fast and flexible activation and deactivation of additional component carriers on a need basis in order to quickly respond to traffic variations 

By introduction of such discontinuous CC reception scheme in LTE-A CA we are able to provide a system which provides good power saving possibilities for UE’s supporting the feature and thereby ensuring the success of the feature among users of battery powered devices.

Conclusion 1: The CA system design should naturally take UE power consumption into account and enable UE and network implementation that can support close to UE power saving capabilities as they are now for single carrier case in REL8/9.
Conclusion 2: The standard should facilitate system deployment where UE configured for CA would not need to monitor PDCCH from all configured CCs during periods of inactivity

Conclusion 3: Study in RAN2 possible methods for achieving good power saving possibilities in multiple carrier scenarios
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