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1. Introduction
In the previous RAN1 #56b meeting, some conclusions about PDCCH in LTE-A are:
· A PDCCH is transmitted within one component carrier

· FFS: Mapping/coding of PDCCH information related to PDSCH from each CC

· Separate PDCCH for each CC

· One PDCCH indicates same CC

· One PDCCH indicates same or different CC

· Overhead increase corresponds to the number of CC

· Common PDCCH (e.g. jointly coded) on one CC

· PDCCH indicates multiple CC

· Study overhead reduction, error coupling/propagation, scheduling flexibility, blocking probability, PDCCH blind decoding reduction, …
In this contribution, we show our views on the PDCCH control schemes. Further, we discuss a scheme to manage UE’s reception bandwidth.
2. Discussion of PDCCH
2.1. PDCCH options
According to the RAN1 #56b conclusions, there are mainly three PDCCH design options for LTE-A, as shown in Fig. 1: 
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Figure 1: Three options for PDCCH
· Option 1: Separate PDCCH. For each CC, there is only one PDCCH, which locates on that CC. 
· Option 2: Separate PDCCH. For each CC, there is only one PDCCH, which can locate on another CC. A multiple of PDCCHs on one CC can schedule PDSCH/PUSCH on multiple CCs.
· Option 3: Joint PDCCH. The PDCCH for multiple CCs are jointly coded and transmitted on one CC.
2.2. Comparison of PDCCH options
In this section, we compare the above three options from different perspectives.
PDCCH overhead
· Option 1: The overhead scales linearly with the number of scheduled CCs.
· Option 2: The overhead is almost the same with option 1

· Option 3: It is discussed in [13] – [15] that PDCCH overhead reduction is possible for the joint encoding approach. While the overhead reduction of contiguous resource allocation is clearly achievable, the amount of overhead reduction of non-contiguous resource allocation depends on the resource allocation granularity. Note that the CRC bits can be saved with joint coding PDCCH. Many other DCI fields cannot be saved and shall scale with the number of scheduled CCs.
Summary: Option 3 is better than option 1&2 on overhead.
Error coupling/propagation
· Option 1: No error coupling/propagation since each PDCCH is decoded independently. 
· Option 2: Almost the same as option 1. 
· Option 3: Schedule grants for multiple CCs are integrated in one PDCCH. All scheduled PDSCH transmissions shall be lost on a miss-detected joint PDCCH. To guarantee the detection performance of joint PDCCH, larger CCE aggregation size is likely to be necessary.
Summary: Option 1&2 are better than option3 on error coupling/propagation.
Scheduling flexibility
· Option 1: A PDCCH can only schedule the PDSCH/PUSCH on the CC where it locates. To provide more flexibility, a semi-dynamic linkage between PDSCH on one CC and its corresponding PDCCH on another CC could be established, which could be seen as a modified version of option 1.
· Option 2: PDCCHs on one CC can schedule PDSCH/PUSCH on multiple CCs. The combination of this option with an anchor carrier can provide scheduling flexibility.
· Option 3: Option 3 is almost the same as option 2.
Summary: Option 2&3 are slight better than option 1 on scheduling flexibility
PDCCH blocking probability: 
· Option 1: The PDCCH blocking probability is almost the same as Rel-8.

· Option 2: Due to the limitation on the size of UE specific search space, option 2 will lead to an increase on the PDCCH blocking probability. PDCCH load balancing among multiple CCs needs to be considered.

· Option 3: As discussed above, larger CCE aggregation levels may be needed for the joint PDCCH approach. Therefore, a higher PDCCH blocking probability is expected. PDCCH load balancing among multiple CCs needs to be considered
Summary: The order for PDCCH blocking probability is option 1<option 2<option 3
PDCCH blind decoding

· Option 1: The number of PDCCH blind decodings scales linearly with the number of scheduled CCs.

· Option 2: Less blind decoding attempts are required than Option 1, if a UE is semi-statically configured to monitor PDCCH on the anchor carrier
· Option 3: Less blind decoding attempts are required than Option 1. On the other hand, if several DCI formats are introduced for different numbers of scheduled CCs, then the number of blind decodings is increased.
Summary: Option 2&3 is slightly better than option 1 on PDCCH blind decoding
Support of asymmetric CA

· Option 1: It cannot be easily applied in an asymmetric CA deployment with more UL CCs than DL CCs.
· Option 2: It can be applied in all CA deployment scenarios.
· Option 3: Same as Option2.
Summary: Option 2&3 are more flexible for different CA deployment scenarios.
Notes: Although the asymmetric CA deployment with more UL CCs than DL CCs is not considered of higher priority in RAN4, it is preferable not to preclude this scenario in RAN1 & RAN2 design.
Standardization work

· Option 1: Much of the Rel-8 PDCCH design can be reused.
· Option 2: Very limited work is needed, e.g. a CC index may be included in the DCI formats.
· Option 3: Some extended work is expected, considering the joint PDCCH DCI format design as well as new CCE aggregation levels. 
Summary: The order for standardization work is Option 1<Option 2<Option 3
In summary, our preference is the separate PDCCH design in LTE-A. In particular, we have the following views:
· Option 1 is naturally needed considering backward compatibility with Rel-8. Methods to reduce the number of PDCCH blind decodings shall be further studied.
· Option 2 shows more flexibility when combined with the design of anchor carrier. A fairly limited amount of standardization efforts is required.
3. Downlink Control Scheme
Power consumption is an important design aspect for LTE-A terminals, especially with the increased bandwidth. As discussed in [3], power consumption can be divided into three parts: analog front-end, analog-to-digital conversion and baseband processing. Power consumption mainly depends on the monitored bandwidth. In [3] [4], the method of monitoring a narrower bandwidth is discussed, with the goal to reduce the RF chain and A/D power consumption. In [7], the method of reducing the number of blind decodings is proposed to reduce power consumption caused by baseband processing. In this section, we show our views on the method of reducing the monitored bandwidth.
In [3] and [6], the concept of an anchor carrier is introduced which carries all system information. An LTE-A terminal only needs to monitor the anchor carrier to acquire the relevant system information and control information. In case an LTE-A terminal is in idle mode, it camps only on the anchor carrier and does not monitor multiple carriers. 
When the LTE-A terminal enters the RRC connected mode and it has no traffic data to transmit/receive, the LTE-A terminal shall camps on the anchor carrier. Alternatively, it can camp on one component carrier as instructed by the eNB, for the purpose of load balancing. 

When the LTE-A terminal enters the RRC connected mode and it has traffic data to transmit/receive, the LTE-A terminal monitors a certain number of component carriers, depending on UE capability, UE traffic QoS, component carrier load, scheduling decision, etc. For example, if an LTE-A terminal has with a low data rate traffic flow, it shall work like an LTE terminal by monitoring only one carrier with one active set of RF chain and A/D. If an LTE-A terminal has a high data rate traffic flow which requires a larger bandwidth, it shall monitor multiple carriers with several active sets of RF chains and A/D converts. The maximum number of monitored carriers depends on the UE capability. 
The number of component carriers monitored by a UE can be configured by higher layers or L1/L2 control signaling. Fig.2 shows an example. In Fig. 2, if an LTE-A terminal has an LTE-like traffic, then eNB schedules the LTE-A terminal on one component carrier. The LTE-A terminal works like an LTE terminal. If the LTE-A terminal needs to transmit higher data rate traffic which requires a larger bandwidth, eNB can inform the LTE-A terminal to monitor several component carriers through higher layer signaling or L1/L2 control signaling. eNB can configure the LTE-A terminal to monitor a different number of component carriers as necessary.
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Figure 2: PDCCH Control Scheme
4. Conclusions
In this contribution, we compare the three PDCCH design options in LTE-A. Our preferences are:

1) Option 1 is naturally needed considering backward compatibility with Rel-8. Methods to reduce the number of PDCCH blind decodings shall be further studied.
2) Option 2 shows more flexibility when combined with the design of anchor carrier. A fairly limited amount of standardization efforts is required.
3) The monitored bandwidth by a UE can depend on UE capability, requirement of QoS, component carrier load, scheduler, etc. The monitored component carriers can be configured by higher layers.
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