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1 Introduction
In the RAN1 #66 meeting, DL control signaling enhancement for carrier aggregation (CA) was discussed, and accordingly the following conclusions were made [1]: 

· Possible areas for enhancement include:
· PDCCH capacity for CA-based het-net or inter-band deployments
· Reduce PDCCH overhead/increase capacity/reduce blocking probability
· Need to show what gain in capacity and reduction in blocking probability can be achieved with the proposed methods
· How serious is the problem; what impact would the proposed solution
· Work assumption: Reduction in PDCCH blind decodes below R10 levels is not seen as necessary in the context of this WI.
· Until RAN1 #66bis, email discussion to identify scenarios and evaluation assumptions for downlink control signaling enhancement for CA-Enh WI.
In this contribution, we discuss the scenarios, evaluation assumptions and the candidate solutions. 
2 Scenarios
Cross-carrier scheduling can be used in the scenario of CA-based HetNet as illustrated in Fig. 1, wherein some UEs (in the region with large range expansion) cannot receive a reliable PDCCH on the SCell f2, and its PDCCH for scheduling the SCell has to be transmitted on the PCell f1. On the other hand, considering the Macro cell decreases the transmit power of f1 to reduce the interference to the Pico cell; the Macro cell may cross-schedule the PDSCH of cell f1 for some UEs. Therefore in both cases, the PDCCH load among multiple carriers is not balanced, which may lead to the possible problems of PDCCH capacity and blocking. 
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Fig. 1 An example of CA-based HetNet

3 Evaluation assumption
The evaluation assumptions for PDCCH enhancement are discussed under email thread [66-04].In this section, we provide our opinions on the evaluation assumptions. 
Generally, the evaluation deployments should be aligned with the scenarios mentioned in section 2, where at least two carriers are configured, and at least one of the aggregated carriers does not carry PDCCH for some UEs or for any UE. The performance can be observed by the UE perceived throughput, PDCCH blocking probability and other related metrics. 
In particular, the throughput with full buffer would vary little with different PDCCH capacities and different blocking probabilities. The traffic model of the bursty buffer is proposed to better reflect the real situation. 
4 Candidate solution
The potential problem of PDCCH capacity and blocking under the scenario of CA-based HetNet can be solved from different perspectives as listed below: 
Overhead reduction

To solve the problem of limited capacity and high blocking probability, overhead reduction is one of the approaches. It includes decreasing the number of required PDCCHs and reducing the DCI payload size. Large PDCCH payload size would increase the probability of PDCCH blocking, as it may require large CCE aggregation level associated with less blind decoding attempts.

One of the candidate solutions is multi-carrier joint scheduling [2]. By encoding the control information of multiple carriers into one PDCCH with possible payload compression, the PDCCH overhead can be reduced compared to the separate encoded PDCCH for CA. The performance gain on capacity and blocking need be evaluated. The standard impact need also be evaluated on the DCI format design, with the consideration of possible payload compression. 
Another candidate solution is to introduce compact DCI format for the DCI format with large payload size, e.g., compact DCI format 2C supporting single codeword closed-loop MIMO transmission [3]. It needs to be identified first which DCI format size(s) need overhead reduction.
Expanding the search space for a UE
The CCEs in the PDCCH region are shared by UEs with the randomized UE-specific search spaces. PDCCH blocking can occur when a UE cannot be scheduled in its search space even if there are enough unused CCEs in the PDCCH region.
Expanding the search space size by higher layer configuration can be considered in such scenario, with the limit on the maximum blind decoding attempts that UE supports as defined in Rel-10. . 
Expanding the PDCCH region
In Rel-8/9/10, PDCCH can only be located in the first n (1 to 2 or 3 to 4) OFDM symbols. PDCCH resources out of the current PDCCH region can be configured to increase the PDCCH capacity. E-PDCCH discussed in the study item of DL MIMO enhancement is considered to be out of the current PDCCH region.
Improving the transmission efficiency of PDCCH 
Improving the transmission efficiency of PDCCH will improve the PDCCH capacity.

In Rel-8/9/10, PDCCH transmission is based on the open-loop scheme, such as single antenna port 0 and multiple antennas with transmit diversity.  Closed-loop transmission scheme for E-PDCCH is considered in DL MIMO SI, where the pre-coding gain can be achieved and therefore the PDCCH performance can be improved. 
A trade-off analysis is provided in Fig. 2 for the candidate solutions from the aspects of applicable scenarios, potential benefits and drawbacks, and the impact analysis. 
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Fig. 2 Trade-off analysis for the candidate solutions

5 Conclusion
In this contribution, we present our analysis on the scenarios, evaluation assumptions and some candidate solutions for PDCCH enhancement in CA. 
It is proposed to further study and evaluate the following candidate solutions, to improve the PDCCH capacity and decrease the PDCCH blocking probability in CA-based Hetnet:
· Multi-carrier joint PDCCH

· Compact DCI format

· Configurable search space size

· E-PDCCH with consideration of CA scenario
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