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1 Introduction
For carrier aggregation (CA) in LTE Rel-10, the scheme of a separate encoded PDCCH per component carrier (CC) is adopted, which is a straightforward extension of that in Rel-8. Possible improvements in DL physical layer signaling for CA are within the scope of LTE Rel-11 WID [1]. In this contribution, some potential points for CA PDCCH enhancements are discussed, and accordingly we give a few candidate solutions for further study. 
2 Discussion for PDCCH enhancement in Rel-11 CA
2.1 PDCCH overhead reduction
For the separate-encoded PDCCH scheme in Rel-10 CA, PDCCH overhead grows linearly with the number of scheduled CCs for a UE. Typically, the eNB would schedule multiple CCs to a UE when it has a large data packet to transmit, so from the PDCCH overhead perspective it may be not so efficient to use the current resource allocation granularity as the single carrier case. From another perspective of saving PDCCH overhead, the eNB would probably schedule a Rel-10 UE on one CC if the data packet is not so large, but sometimes the frequency selective gain of the data channels would be bigger if the packet is transmitted on multiple CCs. 
Proposal 1: Methods for PDCCH overhead reduction can be considered in Rel-11 CA. 
One potential solution is to consider a PDCCH containing the joint encoded control information of multiple CCs for PDCCH overhead reduction in R11 CA, and the following advantages can be expected. 
· For the multi-CC scheduling, only one CRC field needs to be included in the multi-CC DCI, so the scheduling efficiency can be improved especially for the case of a large number of scheduled CCs. 
· More frequency selective gain can be achieved for multiple-CC scheduling especially for a data packet that is not so large. 
· The UL ACK/NAK feedback can be simplified, since there is only one DTX state. 

· The UL ACK/NAK codebook size can be determined by the number of scheduled DL CCs instead of the number of configured DL CCs, and this can improve the PUSCH performance in case of ACK/NAK transmitted on PUSCH when keeping the same ACK/NAK coding rate. 

However, there are also some open issues for the joint encoded PDCCH scheme which need further study. 
The payload size of the joint encoded PDCCH is probably larger than that in Rel-10, so for the sake of achieving the same coding rate, an aggregation level larger than 8 should be introduced. However, this can exacerbate the PDCCH blocking probability and also is not overhead efficient. Alternatively, an enhanced PDCCH (E-PDCCH) based on DMRS may be introduced in Rel-11, so the PDCCH performance can be enhanced by the precoding gain. Hence, it is preferable not to introduce aggregation levels larger than 8. 
In Rel-8, for larger carrier bandwidths, the RBG granularity for the resource allocation increases to reduce PDCCH overhead. Analogously, one should consider if this rule can be extended to the multi-CC joint encoded PDCCH scheme. That is, the size of the resource allocation field can be tuned as the number of scheduled CCs. 
Among the multiple CCs configured to a UE, each CC can have an independent transmission mode and bandwidth corresponding to its own set of candidate DCI. For the multi-CC joint encoded DCI design, if the arbitrary DCI combinations for every number of scheduled CCs are supported, the number of PDCCH blind decodes would probably exceed that in Rel-10. On the other hand, if the payload size of the multi-CC DCI format are reserved based on the number of configured CCs, it is rather wasteful for the PDCCH resource utilization especially when only a small number of CCs are scheduled. Therefore, one could study if the resource utilization efficiency and scheduling flexibility should be enhanced with the prerequisite that the number of PDCCH blind decodes should not exceed that in Rel-10. 
Proposal 2: The multi-CC joint encoded PDCCH can be considered in Rel-11 and the resulting open issues is FFS. 
In addition, there may be other solutions for PDCCH overhead reduction, such as multi-subframe scheduling (a PDCCH can schedule multiple subframes for a UE) and group scheduling (a PDCCH can schedule multiple UEs), which can also be considered. 
2.2 PDCCH blocking optimization
The CCEs in the PDCCH region are shared by UEs with the randomized UE-specific search spaces. PDCCH blocking occurs when a UE cannot be scheduled in its search space even if there are unused CCEs in the PDCCH region. Enlarging the search space size lowers the PDCCH blocking probability but, increases the number of blind decodes needed. A Rel-8 UE (one CC) is limited to 44 blind decodes while a UE with CA capability should have blind decoding capability of multiple CCs. To reduce PDCCH blocking probabilities in R11 CA, it can be considered that the search space size or number of blind decodes can be configured by the eNB based on the blind decoding capability of a UE. In addition, other methods to reduce PDCCH blocking probability can also be considered, e.g., utilizing the unused CCEs in the PDCCH region. 
Proposal 3: Reducing PDCCH blocking probability can be considered in Rel-11 CA. 
2.3 E-PDCCH design
An E-PDCCH based on DMRS may be introduced in Rel-11 for the purpose of PDCCH capacity enhancement especially in the MU-MIMO and CoMP scenarios. So we suggest that the design for the E-PDCCH in case of CA should be aligned with that for the CA PDCCH enhancement. For example, if the multi-CC joint encoded PDCCH scheme is introduced, then it could also be adopted to the E-PDCCH for scheduling multiple CCs, which is beneficial for matching multiple UEs when MU-MIMO scheme is used for the E-PDCCH transmission. 
Proposal 4: The design for E-PDCCH in case of CA should be aligned with that for the CA PDCCH enhancement. 
3 Conclusion
In this contribution, some potential points for CA PDCCH enhancements are discussed, and we give a few proposals below for further study. 
Proposal 1: Methods for PDCCH overhead reduction can be considered in Rel-11 CA. 
Proposal 2: The multi-CC joint encoded PDCCH can be considered in Rel-11 and the resulting open issues is FFS. 

Proposal 3: Reducing PDCCH blocking probability can be considered in Rel-11 CA. 

Proposal 4: The design for E-PDCCH in case of CA should be aligned with that for the CA PDCCH enhancement. 
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