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1 Introduction 
This contribution discusses and compares different methods on how to control the UE activity on different component carriers. 
2 Discussion 

RAN2 has agreed that additional component carriers shall be configured with dedicated signaling. Such configuration information will include a number of parameters related e.g. to carrier frequency, bandwidth, frame-structure etc. that is readily available in Rel-8 RRC. We therefore suggest that RAN2 agrees that RRC is used for configuring additional component carriers in RRC CONNECTED. 

Proposal 1: In RRC CONNECTED, additional carriers can be configured using dedicated RRC signaling.   
For UE power-saving purposes, it is important that additional component carriers can be de-activated and activated in a good way. Activation and de-activation can be performed by explicit signaling or implicitly, as will be discussed next. 
By explicit, we mean signaling methods where the eNB explicitly tells the UE to activate or de-activate a carrier.  
The candidate tools for explicit control of activation/deactivation are PDCCH, MAC and RRC. TS 36.300, Annex B includes the following comparison between the three methods:  
	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High


In addition, implicit activation/deactivation of component carriers could be defined to occur based on some other event – e.g. such that de-activation of a component carrier takes place if the component carrier is inactive for a while. Implicit control is known e.g. from Rel-8 DRX, where the UE takes autonomous decisions to go into different levels of DRX based on configured timers ‎[2]. Similarly, the UE leaves DRX e.g. when it receives a scheduling command on PDCCH. Both explicit and implicit methods can be considered for component carrier activation/deactivation.  

2.1 Activation control

Assuming that the first proposal is agreed, we now consider the situation where a UE is listening to one DL carrier only (Anchor/Serving cell), and there is a desire to activate additional configured carriers. 

With bursty data-transmission, it is imperative that additional component carriers can be activated and de-activated quickly, such that both the gains of high bit-rates can be utilized, and battery preservation can be supported. 

In our analysis of the explicit activation methods, we have found the following issues of relevance when deciding on how to activate additional, configured component carriers: 

1. PDCCH is the method of the three above that offers most accurate timing. Both RRC and MAC suffer from some uncertainty in the timing of UE reception of an activation command. With HARQ/RLC re-transmissions (and RRC processing) the delay and delay-uncertainty can be in the order of 10’s of milliseconds. 

2. Compared to MAC and RRC, PDCCH does not offer extensibility and signaling versatility. However, PDCCH is well suited for “on/off” binary indications, where specific detailed configurations have been provided with RRC.  

3. Of the three options, PDCCH is equipped with the highest unreliability. If the UE misses the activation, it will miss subsequent transmissions on the additional component carriers until the eNB detects the loss.  Such errors will be detected by the eNB when the corresponding ACK/NACKs are missing. Also MAC is suffering from such uncertainty, but with higher reliability compared to PDCCH. RRC is fully reliable, but the reliability comes with further uncertainty in activation timing.   

An implicit method with similarities to Rel-8 (and with the PDCCH approach above) would be that a UE re-activates the reception on component carriers upon a reception of a regular scheduling command on the serving/anchor PDCCH. 
We invite RAN2 to a discussion on the benefits and drawbacks of using PDCCH, MAC, RRC, or implicit control for activating configured component carriers. 
In our present analysis, we find that the timing aspect for activating additional carriers is vital: Any timing uncertainty on when a UE is prepared to receive on an additional carrier will delay the scheduling and transmission on the other carrier(s), resulting in reduced user-experience. 
Further, if there is such time-uncertainty and hysteresis in activation, the de-activation may also have to be more prudent to reduce toggling between activation and de-activation. We therefore prefer a PDCCH activation solution, where the activation control is carried out on PDCCH, either by explicit control (like DC HSPA), or implicitly, like in LTE Rel-8.  
Proposal 2: Agree that activation of configured component carrier is done with PDCCH. 
2.2 Deactivation control 

For reasons similar to the activation discussion above, we find that also de-activation should be possible with a high timing accuracy and urgency.  
We find it vital that a UE with multiple configured component carriers can exhibit the same level battery preservation when compared to a UE in single carrier mode – at times when there is no traffic. We therefore suggest that that Rel-10 should support the following: 

Proposal 3: It shall be possible to de-activate configured component carriers in Rel-10. 

Following the argumentation above, we then suggest that this de-activation is performed using PDCCH: 
Proposal 4: Agree that deactivation of configured component carriers can be done with PDCCH. 
2.3 Activation of UL carriers
It may be worthwhile to observe that the treatment above deals with the reception of DL carriers – i.e. what carriers a UE is required to monitor, and with what frequency. For UL carriers the situation is different, since UL transmissions are explicitly scheduled. Thus, it appears safe to assume that “activation” of UL carriers will take place based on explicit signaling on PDCCH following the solutions known from Rel-8.   
3 Summary
In this contribution, we discussed activation and de-activation of component carriers. Our views are summarized in the four proposals above. If RAN2 agrees for a carrier activation/deactivation solution that uses PDCCH, we suggest that RAN2 sends an LS to RAN1 describing our preferred way forward on this matter: 

Proposal 5: RAN2 should inform RAN1 about the preference in RAN2 for a PDCCH-based carrier activation/deactivation solution.   
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