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1 Introduction
In email discussion following RAN1#69 meeting, agreements on PUCCH resource for E-PDCCH were made as following:
· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH  is at least partly implicitly

· FFS which resource index could be used

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

· FFS how to provide collision avoidance

In this contribution, we discuss the implicit PUCCH allocation for E-PDCCH based on the E-PDCCH search space structure.
2 E-PDCCH structure
In [1], one E-PDCCH structure is proposed. In order to obtain beamforming and/or frequency diversity gain in E-PDCCH transmission, a UE can be configured with four non-contiguous E-PDCCH clusters which are scattered across the system bandwidth in a DL subframe. The configured clusters support both localized and distributed E-PDCCH transmission. The minimum E-PDCCH resource granularity is E-REG. Each E-PDCCH cluster includes four E-CCEs, and each E-CCE includes four E-REGs. The E-REGs in a localized E-CCE are located within one E-PDCCH cluster, while the E-REGs in a distributed E-CCE are scattered in four E-PDCCH clusters. Figure 1 shows the proposed E-PDCCH cluster, E-REG, localized E-CCE and distributed E-CCE. 
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Figure 1: E-PDCCH cluster, E-REG, localized E-CCE and distributed E-CCE
3 Implicit PUCCH resource for E-PDCCH

Basing on the E-PDCCH structure described in section 2, we propose PUCCH resource corresponding to E-PDCCH should be determined by following three parameters:
1. The index of an UE-specific cluster used for E-PDCCH transmission, i.e. 
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For localized E-PDCCH, the cluster 
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 includes the first localized E-CCE used for E-PDCCH transmission. For distributed E-PDCCH, the cluster 
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 includes at least one E-REG used for E-PDCCH transmission and is indicated by the ARI in corresponding DCI.

2. A localized E-CCE resource index, i.e. 
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For localized E-PDCCH, 
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 is the index of the first localized E-CCE used for E-PDCCH transmission in cluster 
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For distributed E-PDCCH, 
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 is the index of the localized E-CCE including the first E-REG used for E-PDCCH in cluster 
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. One example is shown in Figure 2, two used E-REGs for a distributed E-PDCCH belong to localized E-CCE 2 and 3 respectively, and 
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 for the distributed E-PDCCH is the index of localized E-CCE 2.
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Figure 2: 
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 for distributed E-PDCCH
3. The UE-specific starting PUCCH Format 1a/1b resource, i.e. 
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3.1 Resource allocation method for FDD
For FDD, implicit PUCCH resource index 
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 is defined by
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where:

· For localized E-PDCCH, 
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· ARI indicated by DCI is used to avoid PUCCH resource collision in case of MU E-PDCCH

· For distributed E-PDCCH, 
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Figure 3: PUCCH resource allocation for FDD
3.2 Resource allocation method for TDD
For TDD, implicit PUCCH resource index 
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is defined in Table 10.1.3.1-1 in TS36.213, and the implicit PUCCH is transmitted in UL subframe 
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where:

· 
[image: image25.wmf],

clusterm

n

 is the UE-specific cluster index 
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 in the DL subframe 
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· 
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 is the localized E-CCE index 
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· For localized E-PDCCH, 
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· ARIm indicated by DCI is used to avoid PUCCH resource collision in case of MU E-PDCCH

· For distributed E-PDCCH, 
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Figure 4: PUCCH resource allocation for TDD
4 Conclusions
In this contribution, we discuss the implicit PUCCH allocation for E-PDCCH. The proposals are given as following:
Proposal: Implicit PUCCH resource corresponding to E-PDCCH should be determined by:

· The index of an UE-specific cluster used for E-PDCCH transmission, i.e. 
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· For localized E-PDCCH, the cluster 
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 includes the first localized E-CCE used for E-PDCCH transmission
· For distributed E-PDCCH, the cluster 
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 is indicated by ARI in corresponding E-PDCCH
· An localized E-CCE resource index, i.e. 
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· For localized E-PDCCH, 
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 is the index of the first localized E-CCE used for E-PDCCH transmission in cluster 
[image: image41.wmf]cluster

n


· ARI is used to avoid PUCCH resource collision in case of MU E-PDCCH
· For distributed E-PDCCH, 
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 is the index of the localized E-CCE including the first E-REG used for E-PDCCH transmission in cluster 
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· The UE-specific starting PUCCH Format 1a/1b resource, i.e. 
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