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1 Introduction
In RAN1 #60 meeting, San Francisco, some discussions related to PDCCH blind decoding have been made and agreements are as below:

· The transmission mode is not constrained to be the same on all CCs scheduled for a UE

· Maximum number of blind decodes that must be supported by a UE even with cross-carrier scheduling:

· Maximum number is FFS, but in any case it is agreed that it will not exceed Nx60

Besides, the idea of having separated PDCCH search spaces for the cross carrier scheduling was discussed in [1-5]. The details of the design of modified PDCCH search space is presented in this contribution. 
2 Limitation of PDCCH blind decoding number

When cross-carrier scheduling is not enabled, N times BD number per carrier should be considered as a baseline of allowed total BD number, where N is the number of carriers scheduled by a UE. As a reasonable 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. According to the conclusion from RAN1 #60 meeting, the maximum number of blinding decodes that must be supported by a UE even with cross-carrier scheduling should not exceed N*60. This agreement limits the value of K to 1. 
For the case of asymmetric UL/DL carrier configurations, the maximum BD number may not equal to N*60. For example, if n DL CCs and one UL CC are configured for a single UE, the maximum blind decoding number can be much less than n*60 by restricting the linkage between DL CC and UL CC. 
The total BD number when cross-CC scheduling is disabled should be equal to the total BD number when cross-CC scheduling is enabled. N times BD number per carrier should be considered as a baseline of allowed total BD number. The operating BD number is only related to the number of DL/UL transmission modes and the number of component carrier. 
3 Design of PDCCH Search Spaces

The PDCCH blocking probability problem caused by cross carrier scheduling has been raised in the last RAN1 meeting [1-4]. Expanding the UE-specific search space for DL CC may provide a possible solution for reducing the PDCCH blocking probability when the cross-CC scheduling is operating.

When the cross-CC 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-CC scheduling is not enabled
With the cross-CC scheduling 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. However, PDCCH search space for the DL CC with cross-CC scheduling can be expanded according to the scheduled PDSCH/PUSCH CCs. UE should has the capability to detect the PDCCH search space sizes proportional to the number of DL CC. 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 same as the structure when cross-CC scheduling is not enabled. 
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Figure 2: Cross-CC scheduling is enabled
As an alternative, the shared search space is also be proposed. Once DCI formats configured for each DL CCs have different payload size, shared search space will increase BD number. To keep the BD number lower, separated search space should be considered primarily. The block probability are similar as Rel-8. In the case DCI formats configured for each DL CCs have same payload sizes, the shared search space can be applied because of lower block probability compared to separated search space. In general, the scenario with different transmission mode for each CC needs to be targeted to get more universal design.
Proposal: Separated search space should be applied for cross-CC scheduling when DCI formats of multiple PDSCH/PUSCH CCs have different payload size, and the shared search space should be considered for DCI formats with the same payload size. 

In Rel-8 [6], the set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space
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is defined by a set of PDCCH candidates. The CCEs corresponding to PDCCH candidate m of the search space
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where
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is the number of PDCCH candidates to monitor in the given search space.
For the UE-specific search space
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is the slot number within a radio frame.

We provide three options for the new definition of UE-specific search space:

· Option 1:

As discussed in [1], a function
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· Option 2:

Updating the parameter
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· Option 3:

A function
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of CIF value is used to update the UE-specific search space
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4 Simulation results

According to the design of PDCCH search space in the section 3, we provide some simulation results for those three options. The parameters for this simulation are below:

Table 1: Parameters for simulation

	Parameter
	Value

	Number of PDCCH in each subframe
	3

	Carrier bandwidth
	20 MHz

	Number of CRS antenna ports
	2

	Ng
	2

	Number of CCEs in each subframe
	80

	Number of UE in each subframe
	10

	Number of CCs for each UE
	2/5

	Number of TTI
	10000


According to the design of search space in section 2, 10 UEs with multiple different CCs can be scheduled in each subframe. Each CC for each UE may occupy a certain number of CCEs. After 10 subframe time period, each CCE will have a certain number of occupied times because of different CC configured by different UE.
The left of figure 3 shows average occupied number for each CCE in case of option 1-3. The occupied number means the number of occupied times for a particular CCE under the configuration of multiple UEs with multiple CCs. In this case, the occupied number has a possible maximum value of 10*5. Option 3 has more balanced values of average occupied number for each CCE compared to option 1 and option 2. 
The right of figure 3 describes the CDF of each occupied number in case of option 1-3. For option 3, most of the occupied numbers are cumulating at 21-23. On the other hand, option 1 and option 2 gives the occupied number in the range of 14-26. 
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Figure 3: Multiple UEs with 5 CCs

When the simulation parameters are set to 10 UEs in each subframe and 2 CCs for each UE, the simulation results in figure 4 show similar characteristic compared to simulation results in figure 3. 3 options get closer to each. This is due to the less number of CC are scheduled by one PDCCH.
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Figure 4: Multiple UEs with 2 CCs
As seen from the results above, option 3 provide a method that schedules the CCEs with more equality. For the view of scheduling probability, this gives a lower block probability of PDCCH blind decoding than option 1 and option 2 do. 
5 Conclusion
In this contribution we discuss the possible limitation of the maximum blind decoding number in LTE-A. In order to deal with the block probability in cross-CC scheduling operation, PDCCH search spaces should be expanded proportionally to the number of scheduled PDSCH/PUSCH CCs. Separated search space should be applied for cross-CC scheduling when DCI formats of multiple PDSCH/PUSCH CCs have different payload size, and the shared search space should be considered for DCI formats with the same payload size. Three possible options of inserting a function of CIF value in the definition of PDCCH search space are provided. It needs further studies.
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