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1.Introduction 
Below is the way forward about PDCCH from 3GPP RAN1 #60 meeting:

· Linkage between PDSCH/PUSCH and PDCCH

· There is no decision on which option to take: 

· Option 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC

· Option 2: Support scheduling a PDSCH/PUSCH CC from more than one DL CC.

· Modified option 1: For reach PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· Blind decoding:

· Agreements:

· 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.
·  FFS:
· Actual number of blind decodes

· Dependency on UE categories

· Independent or shared search space for multiple carriers.
The impact of cross-CC scheduling on the UE blind decoding burden has already been discussed in [3], including the upper bound on the number of blind decoding, TX modes on the different component carriers, and scheduling of each PDSCH/PUSCH only from a single DL CC. And the usages of both the independent search spaces and the carrier indicator for Rel-10 are also proposed in [4]
One open issue is the independent or shared search space for cross-carriers in the blind decoding in the above way forward from 3GPP RAN1 #60 meeting. Whether independent and/or share search space is used for the blind decoding of multiple carriers depends on the linkage between PDSCH/PUSCH and PDCCH.
2. Independent or Shared Search Space for PDCCH
Figure 1 illustrates three following cases of possible linkage between PDSCH/PUSCH and PDCCH as one example of the cross-CC scheduling configurations as [3]:

In case A) full flexibility in cross-CC scheduling is allowed, i.e. any PDSCH/PUSCH can be scheduled from any DL CC.
In case B) and C) each PUSCH/PDSCH can be scheduled from only one potentially UE-specific DL component carrier configured by higher layers. 
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Figure 1: Three Cases of Possible Cross-CC Scheduling Configurations

In case (A) linkage between PDSCH/PUSCH and PDCCH:

· If the independent search space is used, the number of blind decoding is about
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is the total number of blind decoding in one CC, because each CC carries the PDCCHs from N CCs and the PDCCHs from each CC is not overlapped. Obviously, up to
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 blind decoding do not meet the agreement not exceeding
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in 3GPP RAN1 #60 meeting. So Case (A) cannot adopt the independent search space. It is necessary to restrict the number of cross-carriers which are scheduled on the same CC less than N in this case, which can significantly reduce the number of blind decoding.
· If the shared search space is used, then the number of blind decoding are
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is the total number of blind decoding in one CC. So it can be seen that Case (A) may use the shared search space because the number of blind decoding is within the agreement not exceeding
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in the 3GPP RAN1 #60 meeting. But the block probability of scheduling PDCCHs is potentially very high.
In Case (B) and (C) linkage between PDSCH/PUSCH and PDCCH:

· If the independent search space is used, the number of blind decoding is about
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is the total number of blind decoding in one CC; So it can be seen that Case (B) and (C) may use the independent search space because the number of blind decoding is within the agreement not exceeding 
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in 3GPP RAN1 #60 meeting. But the complexity of blind decoding on PDCCHs is very high.
· If the shared search space is used for Case (B), then the number of blind decoding is
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 is the total number of blind decoding in one CC. If the shared search space is used for Case (C), then the number of blind decoding is
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is the total number of blind decoding in one CC. But when considering the PDCCH candidates monitored by a UE in the existing Rel-8/9, the number of PDCCH candidates in the aggregation levels
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 for each UE [1], respectively, the block probability of scheduling PDCCHs shall be very high if the number of scheduled cross-carriers is more than
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Proposal:

· Proposal 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, and the number of the carriers which are scheduled on the same CC shall be restricted to M, where the value of M is FFS.
·  Proposal 2: To combine the independent search space with the shared search space should be considered in order to avoid the high complexity of blind decoding from only the independent search space and to reduce the block probability of scheduled PDCCHs from only the shared search space.
3. Conclusion
The PDCCH search space is analyzed with respect to the linkage between PDSCH/PUSCH and PDCCH, and the proposal is summarized as follows:
·  Proposal 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, and the number of the carriers which are scheduled on the same CC shall be restricted to M, where the value of M is FFS.
·  Proposal 2: To combine the independent search space with the shared search space should be considered in order to avoid the high complexity of blind decoding from only the independent search space and to reduce the block probability of scheduled PDCCHs from only the shared search space.
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