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1. Introduction
In previous RAN1 meeting, it was agreed that carrier aggregation will be considered technology for LTE-A system to support wider bandwidth, up to 100MHz. In TR36.913[1], it is stated that the LTE-A system should be back compatible with the LTE R8. In order to support the wider bandwidth efficiently, many contributions[3-8] discussed the PDCCH control structure of LTE-A system. 
In this contribution, we discuss the LTE-A PDCCH control structure and give an eNodeB triggered downlink control scheme considering the power consumption of LTE-A terminals.
2. Downlink Control Channel Structure summary

In previous meeting, there are mainly four possible PDCCH control structure options for LTE-A system, which have been shown on Fig. 1. Our analysis and views on these options are given as below.
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Figure 1 Four Alternatives for Downlink Control Structure

Option 1 Separate PDCCH on multiple carriers. 
Pros:

· Maximum reuse of R8 design
· Implict indication of the componnent carrier index
· Suitablility for carrier dependent link Adaptation

· Missed detection of one PDCCH will not affect others compared to joint PDCCH
Cons:

· UE should monitor PDCCH on multiple carriers for larger bandwidth transmission

· Complexity of PDCCH blind decoding at UE side increases linearly with the number of component carriers which need to be monitored.
· More PDCCH overhead (at least more CRC overhead compared to joint PDCCH schemes)
Option 2 Separate PDCCH on one carrier
Pros:

· No much modification for R8

· Suitablility for carrier dependent link Adaptation

· Missed detection of one PDCCH will not affect others compared to joint PDCCH
· UE need managing blind decoding PDCCH on only one carrier
Cons:

· New DCI format(s) including carriers numbering indication is/are needed
· Complexity of PDCCH blind decoding increases with the possibly increased search space, the increased number of PDCCH and the new DCI format(s) (the complexity is almost the same as option 1. The difference is that this option may introduce a new DCI format )
· More PDCCH overhead (at least more CRC overhead and carrier numbering indication )

· Load balancing for PDCCH among carriers needs to be considered when choosing the carrier transmitting PDCCH
Option 3 Joint PDCCH on one carrier.
Pros:

· Less blind decoding complexity compared to the separate PDCCH methods
· Less PDCCH overhead compared to the separate PDCCH methods
· UE needs to manage blind decoding PDCCH on only one carrier
Cons:

· New DCI format(s) and possible new CCE aggregation level, carrying the new DCI with possible significant larger size than other current DCI.
· The introduced new CCE aggregation level will impact the PDCCH mapping of LTE R8 and the definition of search space, such that compatibility with LTE R8 can not be kept.
· ACK/NACK scheme for the new DCI should be decided.
· Increasing complexity of blind decoding due to the increased CCE aggregation level  
· More serious problem caused by PDCCH miss detection(Compared to seperate PDCCH scheme)
· Load balancing for PDCCH among carriers needs to be considered
Option 4 Joint PDCCH on multiple carriers.
Pros:

· PDCCH can get the frequency diversity gain since the PDCCH span accross all the component carrier. 
· Less PDCCH overhead compared to the separate PDCCH alternatives
· PDCCH overhead can be balanced among carriers compared to other joint PDCCH options
Cons:

· It is not backward compatible
· New DCI format and new PDCCH structure design are required
· More specification efforts and implement complexity for PDCCH resource mapping. Considering the UE capability, the complexity will further increases.
· More serious problem caused by PDCCH miss detection

In options 2, 3, UEs are required to manage blind decoding for PDCCH on one carrier, and there are two different scenarios:

· Scenario 1: UE monitors only one carrier and attempts PDCCH blind decoding on this carrier as well. [3] discussed the limitation of this scenario that time offset of about one subframe is introduced between PDCCH and PDSCH because of the PDCCH decoding time. It will complicate the overall design and limit the design of scheduler. 
· Scenario 2: UE monitors multiple carriers, but only attempts PDCCH blind decoding on a certain component carrier. In this scenario, UE will consume more power than scenario 1, but it will not influnce the timing between PDCCH and PDSCH,i.e. no limit to the design of scheduler. The issue of power consumption may be eased by flexible downlink control scheme (depending on reveiver bandwidth configuration) in section 3.
Option 1 has maximum backward compatibility with R8 design, and DCI does not need to contain the explicit carrier number indication. 

In these four options, option 4 obvious increases the implementation complexity and needs more consideration on the UE capability. So this option is not recommanded.
3. Downlink Control Scheme
Power consumption is an important issue for LTE-A terminals, especially with the increased bandwidth. As discussed in [3], the power consuming can be divided into three parts: analog front-end, analog-to-digital conversion and baseband processing. Power consumption mainly depends on the monitoring bandwidth. [3] and [4] discussed the method for monitoring a narrower bandwidth (narrower than the total system bandwidth) to reduce the RF chain and A/D power consumption. [7] discussed the method to reduce the number of blind decoding to reduce power consumption caused by baseband processing. Here our views are given on the method to reduce the monitoring bandwidth.
In [3, 6], anchor carrier was introduced which carries all the system broadcast information. LTE-A terminal only need to monitor the anchor carrier to acquire the related system broadcast information and control information. When LTE-A terminal is in idle mode, it camps only on the anchor carrier and does not need to monitor multiple carriers. 
When the LTE-A terminal enters the RRC connected mode, and it has no traffic data to be transmitted. The LTE-A terminal still camps on anchor carrier, or camps on one component carrier due to the load balance of the component carriers. 

When the LTE-A terminal enter the RRC connected mode and it has traffic data to be transmitted. The monitoring bandwidth depends on the UE capability, UE traffic QoS, component carrier load and the resource scheduler. For example, if a UE is scheduled a low data rate traffic, it will work more like a LTE R8 terminal, i.e. monitors only one carrier and switches on only one set of RF chain and A/D. If a UE is scheduled a high data rate traffic which requires larger bandwidth, it will be required to monitor multiple carriers and switch on several sets of RF chains and A/D converts. The maximum number of the monitored carriers should depend on the UE capability. 
The number of component carriers received by the UE can be changed by high layer signaling or L1/L2 control signaling. This scheme can support each of the four PDCCH control structures. The examples are shown in the Fig. 2. 
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Figure 2 PDCCH Control Scheme
In Fig. 2, if the LTE-A terminal has a LTE likely traffic, the eNB schedules the LTE-A terminal in one component carrier. The LTE-A terminal works more like a LTE terminal. 
If the LTE-A terminal needs to transmit higher data rate traffic which needs a larger bandwidth, the eNB will inform the LTE-A terminal to monitor several component carriers through the higher layer signaling or L1/L2 control signaling. The number of the monitoring component carriers depends on the UE capability, UE traffic QoS, component carrier load and the resource scheduler. In this procedure, the eNB will continually configure the UE monitoring component carriers with the time going on. 
4. Conclusion

In this contribution, we discussed the four mainly PDCCH control structure options, and give our views on the pros and cons for each alternative. Considering the power saving for LTE-A terminals, we give a higher layer or L1/L2 signaling control scheme to balance schedule flexibility and monitored bandwidth for LTE-A terminals. 
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