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1. Introduction
In previous RAN1 meeting, it was agreed that carrier aggregation will be a key technology for LTE-A system to support bandwidth extension. And also, backward compatibility with the LTE R8 is a mandatory requirement for LTE-A system, up to 100MHz. In order to support the wider bandwidth efficiently, many contributions [3-13] have discussed the PDCCH control structures for LTE-A system. 
In this contribution, we discuss the four principled LTE-A PDCCH control schemes, and share our views on the PDCCH control schemes. We propose a PDCCH control scheme in the asymmetric carrier aggregation, and give an eNodeB triggered downlink control scheme considering the power consumption for LTE-A terminals.
2. Discussion
In the previous meetings, there were mainly four principled PDCCH control scheme options proposed for LTE-A system as shown on Fig. 1: 
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Figure 1 Four options for Downlink Control Structure

· Option 1 Separate PDCCHs on multiple carriers. PDCCH transmits on the same component carrier (CC) corresponding PDSCH, as shown in option 1 of Figure 1.
· Option 2 Separate PDCCHs on one carrier. Multiple PDCCHs transmit on the UE specific component carrier, each of which is related to a PDSCH in a component carrier, as shown in option 2 of Figure 1.

· Option 3 Joint PDCCH on one carrier. One PDCCH transmits on the UE specific component carrier. This PDCCH can be related to multiple PDSCH and the DCI of this PDCCH is jointly encoded, as shown in option 3 of Figure 1.
· Option 4 Joint PDCCH on multiple carriers. The DCI of this PDCCH is the same to option 3, but the PDCCH will span the full system bandwidth, as shown in option 4 of Figure 1.
In order to make clear differences and their related issues among these four schemes, various metrics are given as below:
· PDCCH span: Considering the UE power consumption, the one TB to one component carrier MAC-Phy interface, and the increased implementation complexity with the consideration on the UE capability [9] [11] [13], a PDCCH span limited in a single component carrier is a recommended way.
· PDCCH blocking probability: The jointly coded PDCCH transmitted on one component carrier introduces more severe blocking problems as discussed in [10]. However if system confines the number of carriers for this joint coded PDCCH (such as: 2 component carriers), the PDCCH blocking probability could not be an issue.
· PDCCH Blind detection principle compatible: Comparing option 1, option 2, and option 3 with the limited number of the component carriers, the option 1 can maximum reuse the R8 design, such as the PDCCH search space and the PDCCH blind detection principle. Option 2 needs to define the new search space for the multiple PDCCH, and needs blind detection on multiple PDCCHs in the UE specific search space, that will impact the current PDCCH blind detection principle. Option 3 is almost the same to option 1 with the limited number of component carriers, it can reuse the PDCCH search space and the PDCCH blind detection principle of R8. 
· PDCCH overhead: The overhead reduction for joint coded PDCCH mainly comes from the CRC bits reduction. Some companies also investigate the joint coded PDCCH with the further reduced overhead [14][15]. With the larger number of multiple component carriers, joint coded PDCCH may have a lower overhead. 
Table 1 Comparison for the four PDCCH options
	
	Option 1
	Option 2
	Option 3
	Option 4

	PDCCH span
	One
	One
	One
	Multiple

	PDCCH blocking probability
	Low
	low
	High, it can be reduced by limiting the number of component carrier
	-

	PDCCH blind detection principle compatible
	High
	Low
	high
	-

	PDCCH overhead
	Depend on the number of scheduled component carriers
	Depend on the number of scheduled component carriers
	Depend on the number of scheduled component carriers
	-


“-” means PDCCH option 4 needn’t compare for these metrics except the PDCCH span.
Based on the above discussions, we think the PDCCH option 1 could be a baseline option due to the simplicity and maximum reusing R8 design.
3. PDCCH issue for asymmetric carrier aggregation 
Based on the discussion of carrier aggregation scenario for uplink component carrier and downlink component carrier, the carrier aggregations deployment scenarios can be categorized as asymmetric and symmetric carrier aggregation, the mainly scenarios are as follows:

· Scenario 1: DL CCs = UL CCs
· Scenario 2: DL CCs > UL CCs
· Scenario 3: DL CCs < UL CCs  
PDCCH option 1 seems a baseline PDCCH scheme in current LTE-A RAN1 discussion due to its best backward compatibility with R8 and simplicity. We will discuss the applicability for the PDCCH option 1 based on the above three scenarios. For scenario 1, the PDCCH option 1 can schedule the PUSCH with the one to one relationship. For scenario 2, the PDCCH option 1 can schedule the PUSCH with the corresponding one to one relationship, while the additional DL CC which cannot build up a one to one relationship will not schedule the PUSCH. For scenario 3, the PDCCH option 1 cannot schedule the additional UL CC which cannot build up a one to one relationship. 
Considering the scenario 3, we proposed a PDCCH scheme as follows:

1) One to one PDCCH relationship between DL and UL CCs shall be a baseline and shall be applied as long as CC pair is available. These DL CCs can apply the PDCCH option 1.
2) The additional UL CCs which can’t build up one to one PDCCH relationship can be linked with one of the DL CC depending on the LTE-A deployment scenario and system configuration. The DL CC which is linked with the additional needs to support capability to schedule the additional UL CC. Applying either PDCCH option 2 or option 3 for this case needs further investigation.
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Figure 2 PDCCH relationship for DL CCs < UL CCs

In this proposed PDCCH scheme (Fig. 2), the increased complexity will be caused in the DL CC 2. And also in this PDCCH scheme, it will ease the PHICH linkage for the asymmetric carrier aggregation by this proposed PDCCH scheme [16].
4. 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. 
5. Conclusion

In this contribution, we have discussed the four principled PDCCH control scheme options and analyzed the pros and cons based on the metrics: PDCCH span, PDCCH blocking probability, PDCCH blind detection principle compatibility and PDCCH overhead.  Our views are as follows:

1) One to one relationship of PDCCH will be a baseline.

2) Considering the asymmetric carrier scenario, the PDCCH option 2 and option 3 will be a complementary for option1.

3) With the limited number of the component carriers, the blocking probability of joint coded PDCCH may not be an issue. Applying either PDCCH option 2 or option 3 should be further investigated.
4) The monitoring bandwidth of UE shall depend on the UE capability, requirement of QoS, component carrier load and the resource scheduler.
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