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1. Introduction
In this contribution, we discuss resource configuration for E-PDCCH based SS (Search space). In Rel-8/9/10, a UE performs blind decoding on the SS according to its resource configuration and it surely seems desirable to keep this basic principle of SS in Rel-11. However, when it comes to the details of resource configuration, it is hard to directly apply the same configuration method of Rel-8/9/10 into Rel-11.
2. Discussion
2.1. The basic principle of E-PDCCH based SS
E-PDCCH based SS is defined as a set of candidate position on which a UE attempts to find its DCI transmitted by E-PDCCH. The SS should be defined UE specifically, which means that each UE is configured with its own SS and the SS is independent to the other’s. The UE should monitor E-PDCCH on its SS while keeping the computational load of blind decoding in a moderate level. It is desirable to keep the total number of blind decoding as it is in Rel-8/9/10. 
Proposal 1: Search space should be UE-specifically configurable.
Proposal 2: The total number of blind decoding should be kept the same.

2.2. Resource configuration of E-PDCCH based SS
The SS has UE-specific configuration and from a single UE perspective, each candidate position is determined by a proper combination of RS and time/frequency resource configuration [1]. 
2.2.1. Time resource configuration
In time domain, the starting symbol position of E-PDCCH should be defined in order to configure the time resource region of E-PDCCH based SS. The starting symbol index of E-PDCCH should be configured by higher layer through RRC signaling. This is because, first off, it is desirable to reduce the dependency on PCFICH for the resource configuration in a subframe and second, the view point of this approach aligns with the R-PDCCH resource configuration. 
The starting symbol of E-PDCCH should be configurable. The starting symbol of R-PDCCH transmission is fixed at the 4th OFDM symbol, because a RN needs to use the first 1 or 2 OFDM symbols for relay cell UEs and to transit from the transmission to the reception mode. It means the capability of receiving the first two or three OFDM symbols is not guaranteed for RN perspective. However, E-PDCCH-configured UEs can be allowed to have the capability of receiving earlier OFDM symbols than the 4th OFDM symbol. It would be, therefore, desirable that the E-PDCCH start symbol is configurable from the first OFDM symbol to the fifth OFDM symbol considering the maximum PDCCH size and a new carrier type, i.e. extension carrier [2]. 
The starting symbol of E-PDCCH should be subframe-specific. This is because the starting symbol of E-PDCCH, which should appear after the legacy PDCCH region, may not be kept in the same position for all the subframes. For example, PDCCH region cannot occupy more than two OFDM symbols in an MBSFN subframe while for a non-MBSFN subframe, PDCCH region can take up to 3 OFDM symbols. Furthermore, the length of PDCCH is fixed in some cases. An example is the case where extended PHICH duration is configured and, in this case, the PDCCH length is fixed to 2 in MBSFN subframe but should be set to 3 in non-MBSFN subframes other than SF #1 and #6 in TDD systems. Accordingly, by configuring starting symbol index of E-PDCCH subframe specific, the UE can adaptively adjust to its resource allocation change.

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes [3].

	PHICH duration
	Non-MBSFN subframes
	MBSFN subframes

on a carrier supporting PDSCH 

	
	Subframes 1 and 6 in case of frame structure type 2
	All other cases
	

	Normal
	1
	1
	1

	Extended
	2
	3
	2


The starting symbol of PDSCH should be the same as the starting symbol of E-PDCCH. The reason is that when the starting symbol of PDSCH and E-PDCCH is the same, the resource usage is optimized. (If the starting symbol of E-PDCCH is a few symbols in advance of PDSCH starting symbol, it means that the PDSCH resource is wasted during the symbol gap, and vice versa.) 

Proposal 3: E-PDCCH starting symbol should be subframe specific and configured by higher layer.
2.2.2. Frequency resource configuration
In frequency domain, which RB sets are used for E-PDCCH based SS should be configured. The SS for a UE should have at least one VRB configured of a cell. The set should be semi-static for frequency domain ICIC and should be configured by higher layer through RRC signaling. Multiple sets can be configured depending on the CSS configuration in E-PDCCH region.

The RB sets used for E-PDCCH should be subframe specifically configurable. This is because different number of RB sets is used for E-PDCCH in some cases such as where either less (or more) control information is to be sent in a subframe or more (or less) time resource is allocated for the transmission of the same amount of control information. One example is MBSFN subframes. For MBSFN subframes, PDCCH may take fewer symbols than the one in normal subframes thus leaving more symbols available for E-PDCCH. Therefore for those subframes, less number of RB sets could be sufficient to E-PDCCH transmission. Another example is some of TDD DL subframes which do not deliver UL grant. For TDD UL-DL configuration #1 in table 4.2-2, subframe #0 does not include UL grant while subframe #1 contains UL grant whose corresponding UL transmission occurs at subframe #7. Accordingly, for those subframes without UL grant, fewer RB sets would be configured for E-PDCCH compared to the subframes in which both of DL assignment and UL grant are transmitted.
Table 4.2-2: Uplink-downlink configurations.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


VRB-to-PRB mapping is either localized or distributed. Frequency selective scheduling gain can be achieved by using localized E-PDCCH transmission and frequency diversity gain can be achieved by using distributed E-PDCCH transmission. 
Proposal 4: At least a set of VRB is configured for SS of a cell.
Proposal 5: The RB sets used for E-PDCCH should be subframe specific and configured by higher layer.

2.2.3. E-CCE configuration
The granularity of a candidate position of SS should be defined in terms of a basic resource unit of E-PDCCH transmission. As discussed in [4], REs in a PRB pair seem excessive as the basic resource unit of E-PDCCH transmission; it is needed to define a smaller set of REs, which may be called E-CCE [4], to define the aggregation of E-PDCCH resources and the corresponding candidate positions. Therefore, keeping it consistent with earlier discussion, we can define E-PDCCH based SS as a limited set of possibly aggregated E-CCEs in which UE might find its E-PDCCH over the set of VRBs configured by higher-layer signaling. 
As some of the E-CCEs included in the configured VRB sets may not be used for the SS construction due to the limited number of blind decoding, there is a need for signaling of E-CCEs used for SS in addition to the signaling of starting symbol index and VRB sets used for SS to UE. This signalling for E-CCE should be done in considerations of the applied interleaving mode and targeting frequency domain resource allocation for E-PDCCH transmissions [5]. Once the time/frequency resources to be searched is configured, the UE can try to decode its E-PDCCH with using the antenna port and scrambling sequence that are configured to be used for each candidate position [1].
Proposal 6: Additional signaling is needed to indicate the set of resource units (or E-CCEs) used for search space.

3. Conclusion
We discussed in this contribution the resource configuration of E-PDCCH based SS. The following was proposed from the discussion:
Proposal 1: Search space should be UE-specifically configurable.

Proposal 2: The total number of blind decoding should be kept the same.

Proposal 3: E-PDCCH starting symbol should be subframe specific and configured by higher layer.

Proposal 4: At least a set of VRB is configured for SS of a cell.
Proposal 5: The RB sets used for E-PDCCH should be subframe specific and configured by higher layer.

Proposal 6: Additional signaling is needed to indicate the set of resource units (or E-CCEs) used for search space.
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