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1
Introduction
At the previous RAN1 meetings it was decided that for LTE-A carrier aggregation (CA) the number of blind decodes blind decodes is X times the number of aggregated component carriers (CCs) supported by the UE and the actual number of blind decodes depends on the number of active CCs. In addition, the number of blind decodes for a single carrier operation without MIMO or non-contiguous resource allocation is X = 44.

For search space design, it was agreed that 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, and a UE’s search spaces on a PDCCH CC are shared in case of the same DCI size.
In this document, we address the further details related to the number of blind decodes and UE specific search space design for CA.
2
Max Number of Blind Decodes

For LTE-A carrier aggregation (CA) the number of blind decodes blind decodes is X times the number of aggregated active component carriers (CCs). The number of blind decodes for a single carrier operation without MIMO or non-contiguous resource allocation is X = 44. For UL MIMO operation, it is discussed if additional blind decodes are necessary or not. 
An approach presented in [1] provides efficient support for PUSCH transmissions with 3 or more clusters and/or MIMO operations, while maintaining the same Rel-8 UL resource allocation capability and the same total number of PDCCH blind decodes. It assumes the design of the new DCI format based on the other DL transmission mode dependent DCI, as shown in Table 1. The UL format is introduced to match with DL DCI formats 1/1B/1D/2/2A, respectively. By doing so, the resource allocation signaling for UL assignments can be naturally made similar to that of DL type 0 and type 1 resource allocation signaling when DCI formats 1, 2, and 2A are applicable. For the cases when DCI formats 1B and 1D are applicable, it is possible not to introduce the multi-cluster UL signaling. Note that one bit is necessary to distinguish the newly introduced UL DCI format from the existing DL DCI format. Such bit can be either borrowed from one of the existing bits in the respective DCI formats, or newly introduced. The advantages of this option include:

· It accommodates both UL features (multi-cluster signaling and UL SU-MIMO)

· LTE-A UEs can be addressed by Rel-8 resource allocation signaling (DCI format 0) and multi-cluster signaling (new DCI format)

· The number of blind decodes is the same as in Rel-8

· The number of clusters, at least for the cases when DCI formats 1/2/2A are applicable, are NOT explicitly restricted.

Table 1: Rel-10 DCI Formats Structure
	Search Space
	DL Tx Mode
	Size 1
	Size 2

	Common
	1 to 7
	1A/0
	1C

	UE-Specific
	1, 2, 7
	1A/0
	1 + 1’

	
	3
	1A/0
	2A + 2A’

	
	4
	1A/0
	2 + 2’

	
	5
	1A/0
	1D + 1D’

	
	6
	1A/0
	1B + 1B’


Therefore, we think that the specification of additional blind decodes for UL MIMO operation are not needed.
3 
UE-Specific Search Space Design

In order to address the dimensional limitations and the increased scheduling blocking probability with cross-carrier scheduling, the LTE Rel-8 search space design is expanded for the CCs carrying cross-carrier control signalling. 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, and a UE’s search spaces on a PDCCH CC are shared in case of the same DCI size.
In order to maximize the reuse of the LTE Rel-8 UE-specific search space design, we proposed that for any CC carrying PDCCH, the starting CCE indices for all the aggregation levels in its own UE-specific search space follow the same LTE Rel-8 design [2].

In order to simplify the search space expansion to support cross-carrier control signalling, an offset can be introduced for each additional CC. This is illustrated in Figure 1, where CC m carries PDCCH signalling for itself, CC j and CC k. The starting CCE indices for CC m are derived based on LTE Rel-8. The starting CCE indices for other CCs (j and k in the example) are specified via some offsets relative to those for CC m. These offsets can be random, layer 3 configured or hard-coded. 
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Figure 1 Illustration of Expanded Search Space Design

4
Summary 
In this document, we addressed the remaining details on the number of blind decodes and UE specific search space design.
Based on the discussion, we propose the following:

· No additional blind decodes are needed for UL MIMO operation
· For any CC carrying PDCCH, the starting CCE indices for all aggregation levels corresponding to its own UE-specific search space follow the same LTE Rel-8 design. For a CC carrying cross-carrier PDCCH, search spaces for other CCs are specified relative to the given CC utilizing offsets.
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