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1 Introduction
In the previous meeting, the followings were agreed by RAN 1 for the downlink control signalling. 
· A control channel is transmitted in the first n OFDM symbols in each subframe, where n is equal to or less than 3.

· The number of OFDM symbols used for the control channel transmission (n) is specified by cat. 0 which has maximum 2 bits.

· Control channels are formed by aggregation of control channel element (CCE).

· One CCE corresponds to a set of resource elements (REs). For example, 36 REs are used for one CCE for 5MHz bandwidth case.
· One CCE spans over entire bandwidth and all n OFDM symbols.

As noted above, each control channel consists of a CCE or aggregated CCEs, and these CCEs are mapped to physical REs. When a CCE is mapped to a set of REs, a pertinent CCE-to-RE mapping rule following the agreed way-forward is needed. In the design of CCE-to-RE mapping, it is also desirable to mitigate inter-cell interference. In this contribution, design criteria of the CCE-to-RE mapping rule are analyzed, and a CCE-to-RE mapping rule is proposed.

2 Design Criteria of CCE-to-RE mapping
Followings are some points should be considered in the design of CCE-to-RE mapping.
· CCE distribution to channel - One CCE should span entire system bandwidth for the frequency diversity. In addition to the frequency domain distribution, one CCE should be transmitted in all n OFDM symbols used for control signalling to maximize coverage and also to allow power balancing between control channels.
· CCE size definition - In [2], two types of CCE size definition are introduced. One is that the size of CCE is measured in useful REs, the REs which are not used for RS, Cat. 0 or DL ACK/NACK. The other is that the size of CCE is measured in REs. CCE size definition with useful REs seems more appropriate in terms of the simplicity of CCE-to-RE mapping. 
· Cell specific manner - If a common CCE-to-RE mapping rule is applied to all cells [3], CCE-to-RE mapping pattern is identical among all cells. So some UEs, especially for the low geometry UEs, are affected by strong inter-cell interference. To mitigate or avoid the inter-cell interference, NodeB should map CCE to RE in cell specific manner, inter-cell interference coordination or randomization.
· RE mapping for Tx Diversity - REs of a CCE should be mapped to the physical REs in pairwise manner to support SFBC.
3 CCE-to-RE mapping rule
As discussed in section 2, one CCE should be transmitted in the first n OFDM symbols and over entire bandwidth. The number of OFDM symbols used for control signaling varies according to the cat.0 information in every subframe, and the number of useful REs in an OFDM symbol is different among n OFDM symbols. And inter-cell interference randomization and coordination should be supported to minimize the inter-cell interference. In this section a CCE-to-RE mapping rule is introduced to support the consideration points in section 2. 
There are three steps in the proposed CCE-to-RE mapping rule as shown in Figure 1. 
· Step 1 – CCEs in a subframe are grouped according to the particular purpose. 

· Step 2 – Cell specific permutation is performed using simple interleaver.

· Step 3 – The interleaved CCEs are mapped to the physical REs.
Each step of the proposed CCE-to-RE mapping rule will be explained in the following sub-section 3.1 to 3.3.
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Figure 1. CCE-to-RE mapping procedure
3.1 Step 1 - CCE Grouping
In step 1, CCEs in a subframe are grouped in two different ways according to the interference mitigation methods. In case of interference randomization, there is only one CCE group which will be spanned over whole system BW. In case of interference coordination, there are multiple CCE groups corresponding to multiple subbands or subband groups necessary for interference coordination. The CCE grouping ensures that the CCE-to-RE mapping supports the inter-cell interference coordination easily. The number of groups can be expressed as 
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3.2 Step 2 - Permutation
After CCE grouping, cell-specific permutation using simple block interleaver is performed for inter-cell interference randomization. The interleaver is R x C rectangular interleaver, where R and C are fixed value dependent on the design of CCE-to-RE mapping rule. If the interleaver size varies according to the number of scheduled CCE in every subframe, then deinterleaving is impossible due to the fact that UEs can not know the number of scheduled UEs in a subframe. Figure 1 shows an example of interleaving. Each CCE group is interleaved respectively. However, cell-specific permutation for all CCE groups can be performed with one interleaver from the implementation point of view.
In step 2, inter-cell interference randomization can be realized by cell-common interleaver using cell specific offset and cyclic shift. The cell-specific offset means the row shifting value dependent on the Cell ID, and the cyclic shift refers the intra-column permutation using the column index of the interleaver. The interleaver operation using the cell-specific offset and the cyclic shift are described in Figure 2. With the cell specific offset and cyclic shift (intra-column shift), the permutation pattern in a cell is different from that in another cell, resulting in inter-cell interference randomization. 
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Figure 2. Example of cell-specific permutation using cell-specific offset and cyclic shift
3.3 Step 3 - RE mapping
In step 3, grouped and interleaved CCEs are mapped to the physical REs. When the ‘interleaver output’ in Figure 1, output of the cell-specific permutation discussed in section 3.2, is mapped to the physical REs, REs in a group are distributed over entire bandwidth and n OFDM symbols with the granularity of 
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REs. For the support of Tx diversity technique, SFBC, two REs from same CCE are allocated to adjacent physical REs. 
The interleaver can be split in column wise into n sub-blocks, where n is the number of OFDM symbol used for control signalling. The number of column of each sub-block is determined in proportion to the number of useful REs in each OFDM symbol to spread CCE to n OFDM symbols evenly. Figure 3 shows an example of sub-blocks of interleaver for inter-cell interference randomization case.
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Figure 3. Details of the proposed CCE-to-RE mapping rule in case of inter-cell interference randomization (n = 3 is considered for the illustration purpose)
When inter-cell interference coordination considered, multiple CCE groups which are grouped for interference coordination are assigned to multiple subbands or subband groups, where the Tx power can be different in each subband for interference coordination. As an example, some subbands or subband groups can be muted in case of FFR as illustrated in Figure 1 for interference coordination. As shown in Figure 4, with the CCE-to-RE mapping rule described above, frequency resources are used for interference coordination.
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Figure 4. Example of CCE to RE mapping for interference coordination 
4 Conclusion 
In this contribution some discussion points for CCE-to-RE mapping rule are provided as design criteria. As an important designing criteria, it is also addressed that CCE-to-RE mapping should be performed to mitigate inter-cell interference. For the purpose of inter-cell interference mitigation, a CCE-to-RE mapping rule composed of three steps, CCE grouping, permutation, and RE mapping, is introduced. With the CCE-to-RE mapping rule, it is expected that the inter-cell interference can be mitigated in two ways, interference randomization and interference coordination.
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