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1. Introduction

The LTE Carrier Aggregation (CA) Enhancement WID [1] list as one possible improvement for CA in LTE the UL and DL physical layer signaling. Here we discuss some possible enhancements for the PDCCH. 

2. Discussion

The PDCCH capacity is not found to be a limiting factor for the cell throughput when CA is introduced. Our analysis show that even in the case of high offered cell load, the PDCCH load does not exceed 12% under a FTP traffic assumption. The reason is that UEs that use CA often receives very large packets transmitted on a large bandwidth.  

On the other hand, a link budget analysis give that the coverage for PDCCH is the limiting channel when large DCI payloads are used and this is an area where any enhancements have more potential. Since there is no DTX detection in some of the ACK/NACK feedback schemes for CA, the PDCCH coverage and robustness is important. Furthermore, since cell edge UEs requires the PDCCH to be scheduled with large CCE aggregation levels, this leads to CCE blocking of other PDCCHs even if the CCE capacity itself is not limiting. Hence, in the downlink control channel enhancement work, RAN1 should consider the PDCCH coverage and aim at reducing the frequency when large CCE aggregation levels are used.
The DCI format 2C was introduced in Rel-10 to schedule UE using CSI-RS for link adaptation and UE specific reference signals for demodulation. This DCI format has a large size of up to 66 bits and there is no compact version of this DCI as there are for the Rel-8 transmission modes (e.g. format 1B). Therefore, RAN1 could investigate the enhanced DCI coverage and reduced large CCE aggregation levels by studying a very compact DCI format for transmission modes using CSI-RS and UE specific DMRS. 

Note that with asymmetric cross carrier scheduling, where cross carrier scheduling for the UEs aggregating the cells takes place extensively in the direction from one carrier to another but not vice versa, the load on the single carrier carrying PDCCH could imply on the other hand that the number of available CCEs become a limitation and this needs to be evaluated further, also together with the new PDCCH region being discussed [2]. Examples when such asymmetry occurs are in heterogeneous deployments using CA or if additional carrier types are introduced which do not carry a PDCCH control channel but relies on cross carrier scheduling from the nominal carrier. If a more compact DCI format is introduced, then the smaller CCE aggregation level that follows will also improve control channel efficiency in this asymmetric situation.   
3. Conclusion

We propose that under the control channel enhancements for CA work in RAN1, we study further enhancements of PDCCH coverage and reduced CCE blocking probability. As an example, a more compact DCI format for the type of transmission modes using CSI-RS and UE specific DMRS could be investigated. 
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