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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 

For UE power-saving purposes, it is important that configured additional component carriers can be de-activated and activated in a good way. Activation and de-activation can be performed by explicit signaling or timer based, 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. A flavor of the explicit activation or deactivation signals is the connection to other (existing) signaling such as scheduling grants and assignments. 
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, timer based activation/deactivation of component carriers could be defined e.g. such that de-activation of a component carrier takes place if the component carrier is inactive for a while. Such timer based 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 at least once per DRX cycle in order to listen for scheduling commands on PDCCH. 
Both explicit and implicit methods can be considered for component carrier activation/deactivation.
Component carrier activation and de-activation could also be seen as an extension to DRX but we think that it should be treated independently. In [2] we illustrate how a per-UE DRX scheme complements an efficient activation control mechanism.
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. 

With this in mind it seems preferably to deactivate all but one component carrier and to prevent the UE from waking up regularly on any extension carrier. Upon data availability the eNodeB may decide to activate one or more extension carriers. 
Proposal 1: Agree that it should be possible to activate and de-activate configured component carriers by means of explicit or implicit signaling.
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 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. Since scheduling assignments and grants are sent on the PDCCH this approach has the same characteristics as an explicit activation signal on 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. 
The following example is intended to show how PDCCH based activation control outperforms a pure RRC solution in terms of end-to-end performance and energy consumption: We assume that a PDCCH based activation of an already configured extension carrier can be accomplished in 1 subframe. Using an RRC reconfiguration message is assumed to increase that time to 15 ms. Furthermore, we assume that the anchor carrier and all four available extension carriers provide a throughput of 500 kBit/s. In the following we determine the transmission delay and the active time of the extension carriers when transmitting a single IP packet of 1500 Byte: 
PDCCH activation:
The IP packet (12000 bit) arrives in the eNodeB at time t=0. The scheduler chooses a transport format of 500 bit (equivalent to 500 kbit/s continuous throughput) and sends the corresponding data. Simultaneously, it triggers the activation of the other four component carriers with a PDCCH command. Assuming that the activation takes one millisecond, the scheduler may transmit on all five component carriers in the following five subframes. In the last subframe (t=5) it sends a deactivation command with the scheduling assignments so that the extension carriers are disabled in the following subframe (t=6). The transmission of the packet took 6 ms (+ processing delay) and the four extension carriers were enabled for 5 ms.
RRC based activation: 

We assume again that the eNodeB starts the transmission on the anchor carrier at time t=0 and piggybacks the RRC reconfiguration message (we neglect its size for simplicity). During the 15 ms activation phase, 7500 bit are transmitted on the anchor carrier. The remaining 4500 bit are sent on all five carriers during another two subframes (t=15, 16). The entire packet transmission takes 17 ms (+ processing delay) and consequently almost three times as long as with PDCCH based activation. The RRC based deactivation of the extension carriers takes another 15 ms so that all carriers are active for 17 ms of which only two subframes were used for data transmission.
Based on these simple calculations we conclude that PDCCH based activation outperforms the RRC solution in terms of performance and energy consumption. 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 in scheduling assignments, similar to 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 of 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. 
As explained above, PDCCH is not fully reliable, i.e., a certain probability that an explicit deactivation command is lost. To prevent a UE from monitoring a component carrier for which the eNodeB has sent a deactivation command, there should be an additional timer based deactivation method similar to the drx-InactivityTimer. This timer should be set conservatively and deactivate the component carrier only after a long phase of inactivity.

Proposal 5: Agree on an additional timer based deactivation method as complement to the explicit method.
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 6: RAN2 should inform RAN1 about the preference in RAN2 for a PDCCH-based carrier activation/deactivation solution.   
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