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1. Introduction

At the RAN1#59 meeting, issues regarding PDCCH blind decoding such as the upper limit of blind decoding and cross-carrier assignment for different sizes for the downlink control information (DCI) were discussed. However, no agreement was reached. This contribution describes our views on PDCCH blind decoding for carrier aggregation.
2. PDCCH Blind Decoding
2.1. Upper Limit of Blind Decoding
In Rel.8, two different DCI sizes are blindly decoded. One DCI size is used for the downlink assignment, and this DCI size depends on the downlink transmission mode configured by the RRC signaling. The other DCI size is used for the uplink assignment and downlink compact assignment, and this DCI size is fixed since only one transmission mode is supported in the Rel.8 uplink. Since new features such as the non-contiguous resource allocation and uplink SU-MIMO are introduced in Rel.10, the necessity of new DCI format including additional blind decoding for uplink is under discussion [1] – [5]. Therefore, in this contribution, we only discuss blind decoding for the DCI size for the downlink assignment, although the same principle can be applied for the uplink.
Figure 1 shows the case without a carrier indicator field (CIF). As shown in the figure, the UEs with the capability of receiving the PDSCH of Ncc CCs must have the capability of receiving the PDCCH of Ncc CCs for downlink assignment. 
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Figure 1 – Case without CIF
Figure 2 shows the case with a CIF. Since the CIF is mainly used to send the downlink assignment of the CC with a high level of interference from other cells, the PDCCH with the CIF is transmitted in the CC with a lower level of interference. In addition to the merit, there is the merit of reducing the required dynamic ACK/NACK resources in the PUCCH [6], [7]. In both cases, if the size of the UE-specific search space (SS) in one CC is the same as that in Rel.8, the PDCCH blocking probability is increased as shown in Fig. 2(a). Therefore, it should be possible to increase the UE-specific SS size (defining a larger SS than that for Rel.8 or defining multiple SSs) as shown in Fig. 2(b). This does not increase the maximum number of blind decoding, since the UEs with the capability of receiving the PDSCH of Ncc CCs must have the capability of receiving the PDCCH of Ncc CCs for downlink assignment as discussed. 
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Figure 2 – Case with CIF

2.2. Support of Different DCI Sizes with CIF
The support of cross-carrier assignments for different DCI sizes was agreed upon at the RAN1#59 meeting. In order to support different DCI sizes, there are mainly two methods as shown in Fig. 3.    
· Common blind decoding to support different DCI sizes

As shown in Fig. 3(a), by using padding bits or compressing the RB assignment field, the different DCI sizes are aligned [8]. The merit of this method is that the number of blind decoding is not to be increased. However, when the padding bit is used, the PDCCH overhead is increased. On the other hand, when the RB assignment field is compressed, the frequency scheduling gain is reduced.

· Different blind decoding to support different DCI sizes [9] 

As shown in Fig. 3(b), different SS for blind decoding is used for different DCI sizes. Since the original DCI size is used for each DCI size, the overhead and frequency scheduling gain are the same as that without CIF. 

As discussed in Section 2.1, the maximum number of blind decoding should be determined by the capability to receive the PDSCH in the downlink. Therefore, different SS for blind decoding to support different DCI sizes should be supported.
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Figure 3 – Support of different DCI size with CIF
3. Conclusion

This contribution described our views on PDCCH blind decoding for carrier aggregation.
· The upper limit for blind decoding for downlink assignment should be determined by the UE capability for the number of downlink CC receptions.

· Increase in the UE-specific search space size by defining a larger SS than that for Rel.8 or defining multiple SSs should be supported.
· Different SS for different DCI sizes should be supported.
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