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1. Introduction

Expanding UE-specific search space was agreed in RAN1#62 meeting, to support cross carrier scheduling. However, the blocking probability needs to be improved since more carrier components will be supported in products in the coming releases. And blocking probability will be much higher with higher probability of overlapping of search space.
This contribution will discuss related issues. And, an alternative PDCCH procedure is put forward compared to Rel-8/9/10. 
2. Discussion
In Rel-10, up to five component carriers can be supported by L1. The actually used carriers are only 2, due to the limited band scenarios can be treated by other group. More component carriers need to be supported for carrier aggregation in the future release of real LTE-A system. Although the UE-specific search space is expanded as the Rel-10, blocking probability will increase as system needs to handle higher number of component carriers while supporting large number of UE. 
For PDCCH detection, each DCI format has its own payload size. Those formats are growing with more new features added in. Reduction of DCI format payload size can decrease blocking probability and transmission power compared to original DCI format payload size. Reduced transmission power also are benefit for suppress the interference between PDCCHs in different cell. 
Fragmentation of the CCE resource between search spaces of UEs will bring the degradation of CCE utilization [2-3]. As shown in Figure 1, the CCE utilization under the design of UE-specific search space in R10 can be improved compared to the ideal scheduling scheme which does not have any blocking happen. It can be noticed that UE blocking still happens with large enough number of CCE resource. Some vacant or distributed CCE resources are not used for scheduled UEs. Probabilities of each aggregation level are from [3].
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Figure 1: CCE utilization of R10 search space definition and ideal scheduling, 2 serving cells configured for each UE
In addition, DCI format size ambiguity issue was raised with more DCI sizes added in. DCI format sizes have to be rearranged due to DCI format ambiguity. 

3. Discussion on improved PDCCH procedure 

An improved PDCCH procedure is provided to address those issues. As shown in Figure 2 (a), this improved PDCCH procedure has two steps for PDCCH. Information in primary PDCCH includes the type of DCI format, the CCE resource location and aggregation level etc. All the information related to secondary PDCCH can be provided by a new DCI format. The fixed payload size of this new DCI format does not required of blind decoding. UE complete the PDCCH detection by decoding both secondary PDCCH and primary PDCCH.
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                           Figure 2 (a)                     Figure 2 (b)
In case of cross carrier scheduling, joint coded secondary PDCCH of more than one serving cell only require one primary PDCCH in this two step PDCCH procedure. As shown in Figure 2 (b), PDCCHs of three serving cell are jointly coded for one PDCCH, and only one primary PDCCH is used to indicate the detection information of those secondary PDCCH. 
The procedure will decrease the number of blind decoding, because blind decoding is only required on primary PDCCH and only one type of DCI format payload has to be decoded. When cross carrier scheduling is applied, larger number of blind decoding can be saved compared by joint coded secondary PDCCH. 
Payload size is saved due to less CRC bits used due to joint coding of DCI from several cells. Although an additional primary PDCCH is brought into the new PDCCH procedure, it can still reduce the transmission power of PDCCH.
Two-step PDCCH procedure only has one primary PDCCH and one secondary PDCCH in case of cross carrier scheduling and the secondary PDCCH does not require blind decoding. The blocking probability will be reduced compared to blind decode with PDCCHs of different serving cells. Arbitrary indicating secondary PDCCH will also reduce the fragmentation of CCE resources in the PDCCH search spaces and improve CCE resource utilization and resolve DCI format size ambiguity issue. 
4. Summary
In this contribution, we analyzed the problems in the PDCCH procedure; for example, blocking probability, CCE utilization, and PDCCH interferences among different cells. To reduce the number of blind decoding, blocking probability and payload size of PDCCH in Rel-11, an improved PDCCH procedure should be considered.  
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