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1 Introduction
In the last RAN1 meeting in Valencia, some contributions related to PDCCH blind decoding and construction of PDCCH search spaces for LTE-A were submitted [1-5]. In order to deal with ICIC in the heterogeneous networks system, cross-carrier scheduling with carrier indicator field has been discussed. PDSCH/PUSCH CC can be scheduled from other DL CC where the UE monitors PDCCH, and the DCI formats will be added by carrier indicator field (CIF) as it been agreed by RAN1.  
In this contribution, we discuss methods to define the PDCCH search space for the carrier with cross-CC scheduling. The DCI format scheduled in common search space may not have CIF. The new definition of PDCCH search space is only applied to the UE-specific search space. 
2 Limitation of PDCCH blind decoding number
When cross-carrier scheduling is not enabled, UE still need to perform blind decoding on each DL CC assigned in case of high date rate. For UE capable of multiple PDSCH reception, since the cost of convolutional coding is far smaller than that of Turbo coding, it’s reasonable to expect that the UE is capable for simultaneous BD on DL carriers assigned. Therefore, when a UE is scheduled on N carriers, N times BD number per carrier should be considered as a baseline of allowed total BD number. As a natural extension, UE should support the same level of blind decoding when cross-carrier scheduling is enabled. Considering the possible new DCI format for the UL SU-MIMO or other LTE-A features, the BD number per carrier may be defined as 44+16*K, where K is the number of new DCI format size. 

When cross-carrier scheduling is enabled, UE is informed by eNB semi-statically about the PDCCH monitoring set and corresponding DCI formats needed to be monitored on each carrier of the PDCCH monitoring set. The total BD number is:
Total BD number =
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n is the number of CC in the PDCCH monitoring set, Yi is the BD number of CCi (ith CC), X represents the BD number of each CC which is scheduled by CCi, and k is the number of CC scheduled by CCi. 
The total BD number when cross-carrier scheduling is disabled should be equal to the total BD number when cross-carrier scheduling is enabled. In essential, the BD capability should depend on the number of CC for which the PDSCH can be carried on regardless the presence of CIF. Total BD number should be scalable with the number of supported DL carrier.
3 PDCCH Blind Decoding and Search Spaces
3.1  PDCCH Blind Decoding with cross-carrier Scheduling
DCI formats with different bandwidths or different transmission modes will have different size. This will increase of BD number in the cross-carrier scheduling operation. Cross-carrier scheduling is now regarding as a measure to deal with ICIC in the heterogeneous networks. If aggregating component carriers with different bandwidth is a necessary scenario in the heterogeneous networks system, the cross-carrier scheduling between carriers with different bandwidth definitely needs to be considered. Since the different band for deferent coverage/channel is quite relevant in LTE-A deployment scenario, cross-carrier scheduling between carriers with different transmission mode would be supported as well.
Some possible optimization designs for reducing the total blind decoding need to be studied to address the above needs：

· Introducing new physical channel to inform the UE about the DCI format before CC decoding

·   An example is illustrated in [9]. By decoding a FI (format indicator) channel interleaved with the corresponding CCE(s); UE could reject other hypothetic DCI formats before exact CC decoding. This method could reduce BD number effectively, and possibly could enlarge the search space to mitigate the PDCCH blocking probability, for a given total BD number. This solution would incur additional overhead and DCI coverage loss. Besides, backwards compatibility and complexity should be considered.

· Unifying different DCI formats to several common DCI sizes

·   One solution is to define several (e.g. 3~4) common DCI sizes for all DCI formats (under all of system bandwidths). Common DCI should include a carrier indicator field and a format indicator field which is used to inform UE about the exact DCI format when multiple DCI formats conveyed in the same DCI size. If cross-carrier scheduling is enabled, UE is informed by eNB through RRC signaling about the PDCCH subset and corresponding common DCIs needed to be monitored on each carrier of the PDCCH subset. This solution would incur additional overhead due to padding bits and DCI coverage loss.

·   Another solution is similar to the first one except that the encapsulation of all DCI formats should be under the same system bandwidth.

The idea about each PDSCH/PUSCH CC can be scheduled only from a single DL CC is discussed in the last meeting. It will ensure that cross-carrier scheduling between CCs with different DCI format sizes should not affect the total blind decoding number. Thus, component carriers with different bandwidth or/and different transmission mode can be supported in cross-carrier scheduling operation. Furthermore, the BD number of each DL CC may be kept to be 44 as Rel-8 eventually. 
3.2  Design of PDCCH Search Spaces
This part illustrates idea to increase the UE-specific search space for DL CC with cross-carrier scheduling. It provides a possible solution for reducing the PDCCH blocking probability for cross-carrier scheduling. 
When the cross-carrier scheduling operation is not enabled, UE monitors the PDCCH on one DL CC, and this PDCCH can only be used to assign PDSCH/PUSCH on the same DL CC and its linked UL CC. Particularly, each DL CC has its own PDCCH search space, as shown in Figure 1. For example, UE monitors the PDCCH on CC1 according to the PDCCH search space on CC1 as Rel-8, and assigns the PDSCH/PUSCH on DL CC1 and its linked UL CC. 
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Figure 1: Cross-carrier scheduling is not enabling
When the cross-carrier scheduling is enabled, UE monitors the PDCCH on one DL CC, and this PDCCH can assign PDSCH/PUSCH on the multiple DL CCs and their corresponding UL CCs, as shown in Figure 2. Accordingly, PDCCH search space for the DL CC with cross-carrier scheduling can be expanded based on the number scheduled PDSCH/PUSCH CCs. For example, UE monitors PDCCHs on the DL CC1 for assigning PDSCH/PUSCH resources on the DL CC1/CC2/CC3 and their corresponding UL CCs. The PDCCH search space is expanded from search space 1 to search space 1 + search space 2 + search space 3. Specifically, UE monitors PDCCHs on DL CC1 in the entire search spaces (search space 1+2+3) according to the PDCCH transmission mode which is configured by RRC for each DL CC (CC1/CC2/CC3). Then, each PDCCH for DL CCs can be monitored in its corresponding search space as the structure when cross-carrier scheduling is not enabling as each searching space is independent to others. 
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Figure 2: Cross-CC scheduling is enabling
This method makes the BD decoding level same regardless cross-carrier scheduling or not. The design of reducing blind decoding number can be applied for both cases.
4 Conclusion

In this contribution we provide our views on some issues for PDCCH blind decoding and search spaces design. It can be summarized as follows:

· N(TDB) times BD number per carrier should be considered as a baseline of allowed total BD number, no matter cross-carrier scheduling is enabled or not. Total BD number should be scalable with the number of supported DL carrier.
· Component carriers with different bandwidth or/and different transmission mode can be supported in the cross-CC scheduling operation. 
· When the cross-CC scheduling is enabled, PDCCH search spaces should be expanded according to the scheduled PDSCH/PUSCH CCs.
· If we can expanding the search space according the number of scheduled CC, the design of reducing blind decoding number for cross-CC need not to be specially treated. The design of reducing blind decoding number for non-cross-CC can be universal.
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