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1.Introduction 
The following is the starting point about blind decoding and search spaces for an email discussion until RAN1#61:
· In case of cross-carrier scheduling

· Total search space size is extended beyond Rel-8 size

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

· “Overlapped” includes cases where the search spaces can sometimes fully overlap due to the randomization of PDCCH

· FFS whether a UE’s search spaces can be shared in case of same DCI size 

· Other details of how to define the search spaces are FFS

Due to the fact that how to define the search spaces are FFS, this contribution shall discuss the PDCCH search space design for Rel-10 with respect to carrier index and DCI sizes.
2. PDCCH Search Space Design
2.1 PDCCH Assignment Procedure for Rel-8/9
PDCCH assignment procedure [1] for Rel-8/9 is specified as follows:

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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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.

The existing PDCCH assignment procedure does not involve with any CC aggregation because both 3GPP Rel-8 and 9 do not support the scheduling of cross-carriers. Additionally, it is necessary to clarify that each UE is allocated only one C-RNTI in case of CA according to the agreement of 3GPP RAN2 #68bis meeting [2].
2.2 PDCCH Search Space Design for Rel-10
For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/ PUSCH CC linked to the PDCCH CC, which means that each CC shall have the independent PDCCH search space. But whether a UE’s search spaces can be shared in case of the same DCI size is FFS. So the PDCCH search space design for Rel-10 is discussed with respect to carrier index and DCI sizes in order to trade off the number of blind decoding and the block probability for PDCCH for a given UE.
The 3-bit carrier index (CI) has already been added into the DCI signalling to support the aggregated CCs for Rel-10. And 3GPP Rel-8/9 specifies such the transmission modes as single-antenna port, transmit diversity, large delay CDD, closed-loop spatial multiplexing, multi-user MIMO, dual-layer, and etc, each having two DCI sizes to be detected by a given UE. Additionally, Rel-10 may specify the more additional transmission modes such as uplink multi-user MIMO. So the DCI sizes with combination with the carrier index (
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) can be introduced into the equations of the PDCCH assignment procedure in order to form the individual PDCCH search space for the different CA and the shared PDCCH search space for the same DCI size on the aggregated CC for a given UE by making some trade-offs between the number of blind decoding and the block probability for PDCCHs:
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) in the DCI signalling and the DCI size (
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Equation (3) can achieve the following objectives, which is illustrated in Figure 1:

· Each aggregated CC can have the independent PDCCH search space for a given UE.
· The shared PDCCH search space among each aggregated CC with the same DCI size for a given UE; and
· The independent PDCCH search spaces among each aggregated CC with the different DCI sizes for a given UE.
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Figure 1: Both Carrier Index and DCI Size into PDCCH Search Space for a Given UE
A given UE can know the DCI sizes of the transmission modes configured by the eNode B. and this given UE can make the blind-decoding on the PDCCHs based on both its assumed carrier index (CI) and the DCI sizes derived from the transmission modes.
3. Conclusion
Below are some proposals about the PDCCH search space according to the above discussions:
· Carrier index (CI) or/and DCI sizes shall be used for the PDCCH search space design in case of the aggregated CCs for a given UE; and
· PDCCH search space for a given UE can be such the equation as
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in detail is FFS.
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