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1 Introduction

In RAN1#53bis it was agreed that carrier aggregation will be considered to extend the bandwidth beyond 20 MHz for LTE-Advanced. LTE-Advanced system should perform higher spectrum efficiency besides higher peak data rate, which requires reducing the overhead of PDCCH. As LTE-Advanced UE will operate on multiple component carriers, the power consumption is crucial, which is also tied to PDCCH design.
Many contributions [1]-[9] in previous RAN1 meetings have presented possible solutions about the PDCCH design which can be categorised into three groups according to their multicarrier operation schemes in downlink. The multicarrier operation has tight relation with the overhead of control signaling and UE power consumption. This contribution will focus on the multicarrier operation of carrier aggregation. In this contribution, we suppose all the component carriers shall be LTE Release 8 compatible.
2 Multicarrier Operation
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Figure 1. Three options of Multicarrier Operation

From the perspective of control relation among the aggregated component carriers, basically, there are three options of downlink multicarrier Operation: independent, cell-specific master/slaver and UE-specific master/slaver.
Option 1: Independent multicarrier operation [1][5]
· The component carriers work in an independent and equal way. 
· A LTE-Advanced UE should operate on the component carriers according to its capabilty.
· The PDCCH on each carrier only control the transmission on its own carrier, as shown in Figure 1(a).
Option 2: Cell-specific master/slaver multicarrier operation [1][6]
· eNB selects a component carrier as the master component carrier to control the transmission on other slaver component carriers.
· The master component carrier is fixed in an eNB, and it changes at different eNBs.
· All the LTE-Advanced UEs must operate on master component carrier which will indicate whether a LTE-Advanced UE should operate on certain slaver component carrier. 
· The PDCCH on master component carrier shall control the transmission of LTE-Advanced UEs on all the aggregated component carriers at the eNB, as shown in Figure 1(b).
Option 3: UE-specific master/slaver multicarrier operation [7]
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· LTE-Advanced UE selects a component carrier as its master carrier to control its transmission on its slaver carriers.

· For different LTE-Advanced UE, the master component carrier can locate on different carrier and handover to another carrier according to the UE’s channel quality and the network load on those component carriers.
· A LTE-Advanced UE must operate on its own master component carrier which will indicate whether the UE should operate on certain slaver component carrier.
· A LTE-Advanced UE’s PDCCH on master component carrier shall be responsible for the UE’s transmission on all the component carriers, as shown in Figure 1(c).

It is noted the multicarrier operation is not associated absolutely with the aggregation scheme of the data streams on component carriers. Both MAC layer aggregation and PHY layer aggregation can work in option 2 and 3, while MAC layer aggregation is proper to option 1.
3 Issues Discussion
The multicarrier Operation scheme and the corresponding PDCCH design will impact the performance about overhead, backward compatibility and UE power consumption.
3.1 Independent multicarrier operation
1. Backward compatibility
LTE UE can access every component carrier which is compatible with LTE Release 8. From the perspective of physical layer, the operation of LTE-Advanced UE on one component carrier can be the same with LTE UE. 
2. PDCCH design

Since the component carriers are independent with each other, every component carrier delivers its own PDCCH for LTE-Advanced UE and LTE UE. The LTE-Advanced UE’s PDCCH can reuse the DCI formats defined in LTE. However, the overhead on PDCCH will be higher than the PDCCH design of option 2 and 3.
3. UE power consumption
As the operation on each component carrier is independent, LTE-Advanced UE shall monitor the PDCCHs on all carriers. It also should conduct separate DRX operations on every component carrier. Following the DRX cycle configuration, UE will wake up periodically on each component carrier to detect the PDCCH. Thus, the UE power consumption will be relatively high.
3.2 Cell-specific master/slaver multicarrier operation
1. Backward compatibility
LTE UE can access every component carrier. To LTE-Advanced UE, for it has no information of cell-specific master carrier before accessing, a new mechanism shall be considered to direct the LTE-Advanced UE to the master carrier. One solution is to permit the LTE-Advanced UE to access the slaver carrier as LTE UE at first. After getting the location of master carrier from the extended system information, the LTE-Advanced UE shall handover to master carrier.
2. PDCCH design

All the PDCCHs of LTE-Advanced UEs are delivered on master component carrier, and the PDCCHs on slaver carriers are only for LTE UE. Since the control information associated with all the component carriers of a LTE-Advanced UE has been congregated to one carrier, it is possible to reduce the overhead by defining new DCI for the data transmission on multiple carriers.
With the LTE-Advanced UEs coming in increasing numbers, the PDCCH load on master carrier goes to extremely heavy. It has to extend the control region on master carrier beyond the first three symbols of a slot, which yields two issues. The first issue is about the PCFICH. PCFICH for LTE UE still shall keep its value in the range from 1 to 3, while another PCFICH shall be transmitted to indicate the extended control region for LTE-Advanced UE. The other issue is about the available resources for a LTE-Advanced UE. With the increasing of control region, the data region shrinks which is still shared by all of the LTE-Advanced UEs. It has relative low possibility to get enough resources from master carrier. 
The imbalance of PDCCH load on master and slaver component carriers can be resolved by the scheme proposed in [6] which transmits the detailed PDCCH on slaver carrier indicated by a short DCI on master carrier. Therefore, the PDCCH load of LTE-Advanced UE is dispersed to all the component carriers.
3. UE power consumption
Since only the PDCCH on master carrier shall be monitored, for the situation of LTE-Advanced UE can get enough resources for its data transmission on master carrier, the reception on slaver carriers can be turned off totally until been waked up by the command from master carrier. When no data to been transmitted for a LTE-Advanced UE, only the DRX cycle on master carrier shall be maintained.
On the condition of satisfying the data rate requirement, the UE would prefer to operate on as less component carriers as possible. Since the possibility of a LTE-Advanced UE to get enough resources on master carrier is relatively low, it has to work on more carriers, which goes against the power saving. However, it is still possible for option 2 to outperform the option 1 in UE power consumption.
3.3 UE-specific master/slaver multicarrier operation
1. Backward compatibility
LTE UE can access every component carrier. LTE-Advanced UE could access a component carrier by the same way of LTE UE, and then select its master carrier. To get higher performance, the LTE-Advanced UE should negotiate with eNB about its master carrier while considering the channel quality and network load on those component carriers. To decrease the time required for LTE-Advanced UE accessing, one solution is that LTE-Advanced UE locates its master carrier on the first carrier where it completes cell search, and then semi-statically configures its master carrier after negotiating with eNB.
eNB shall maintain the information about all the LTE-Advanced UEs’ master carriers, and a new mechanism of master carrier handover shall be designed.
2. PDCCH design

All the PDCCHs of LTE-Advanced UEs are delivered on their own master component carrier, and share the control region of component carriers with the PDCCHs of LTE UE. Same as option 2, the option 3 is also possible to reduce the overhead by defining new DCI for the data transmission on multiple carriers.
Because the master carriers of LTE-Advanced UEs can be distributed among those component carriers evenly, the PDCCH load on component carriers is balanced, and it is no need to extend the control region. Moreover, it is beneficial to detect the PDCCH successfully and decrease the detection attempts.
3. UE power consumption
Similar with option 2, LTE-Advanced UE only needs to monitor the PDCCH its master carrier. When there is no data transmission for a LTE-Advanced UE on certain slaver carrier, the reception can be turned off totally until the master carrier wakes it up. As both PDCCH load and LTE-Advanced UEs’ master carriers are balanced, the possibility of a LTE-Advanced UE to get enough resources on its master carrier is higher than option 2, and thus the performance of UE power consumption could also be higher.
4 Conclusions

This contribution details the multicarrier operation and related issues for LTE-Advanced in the context of carrier aggregation approach. We suggest making a decision on the multicarrier operation firstly, and then on the detailed PDCCH design.
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