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1 Introduction

The followings were agreed by RAN1 with respect to scheduling control information transmission:

· The first M OFDM symbols in each subframe are used for control channel transmission, where M is equal to or less than 3.
· Control channels are formed by aggregation of control channel elements
· A control channel element corresponds to a set of resource elements

· Time-frequency location of control channel elements implicitly given by the number of control channel elements signalled.
In this document, we focus on the mapping rule of control channel elements to resource elements. In the following section, we discuss the design criterion of the mapping rule. We then introduce a CE to RE mapping rule. 
2 Mapping of control channel elements to resource elements
It is beneficial to distribute time-frequency location of a control channel element (CE) as much as possible across the entire bandwidth and all the OFDM symbols used for control channel transmission, up to three, so as to maximize frequency and interference diversity. Interference diversity would be realized by randomization of collisions between CE’s of adjacent cells assuming that power control of a control channel is used on top of the limited MCS control obtained by adjusting the number of CEs allocated to the control channel. However, it would not be easy to define CE to RE mapping rule in a structured way depending on different total number of CE’s while maintaining the criterion of maximum distribution because the number of ODFM symbols used for the control channel transmission changes depending on the total number of CE’s assigned.
In this section, we introduce a simple way of CE to RE mapping.
Figure 1 describes the overview of the proposed mapping rule. First of all multiple PDCCH’s are separately encoded, followed by PDCCH to CE mapping. More than one CE can be assigned to a PDCCH depending on the channel condition of the target UE. In the example shown in Figure 1, 4 PDCCH’s, PDCCH 0 to PDCCH 3 are transmitted at a given subframe. {1, 1, 2, 3} CE’s are assigned to PDCCH 0 to 3, respectively. All the CE’s are then concatenated and a cell specific permutation is applied to the concatenated CE’s. The permutation operation makes each CE distributed across entire bandwidth and all the OFDM symbols. Interference randomization is also realized by this cell specific permutation. Finally, the permutated PDCCH’s are mapped from the first OFDM symbol and the mapping within an OFDM symbol is defined in a cell specific manner. Figure 2 illustrates an example of the proposed control channel element to resource element mapping. In the example, all the RE’s in the first and second OFDM symbols and a part of RE’s in the third OFDM symbol are used for control channel transmission. We can see in the example that each CE is distributed across the entire bandwidth and three OFDM symbols. 
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Figure 1. Overview of the proposed CE to RE mapping
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Figure 2. An example of control channel element to resource element mapping
3 Summary
In this document, we introduced a way of CE to RE mapping providing flexibility to the different number of OFDM symbols used for control channel transmission as well as maximum frequency and interference diversity. We are proposing to adopt the proposed mapping structure as a baseline for the further detailed design.





















































































































PAGE  
1

