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1 Introduction

Mapping rule of control channel element (CCE) to resource element (RE) is one of the open issues in LTE downlink. The outline of the mapping rule was agreed by RAN1 as starting point for further consideration in Malta meeting [1]. 
In this document, we discuss a couple of issues on the CCE to RE mapping such as intercell interference coordination, need for the cell-specific interleaving block, detailed design of the cell-specific interleaver, mapping rule for Tx diversity support, and so on. 
2 Issues on the mapping of CCE to RE
Figure 1 shows the outline of the CCE to RE mapping agreed by RAN1 as starting point for further consideration in Malta meeting [1]. First of all, n CCEs are concatenated and then interleaved in cell-specific manner, where n is derived from Cat0 information. Finally, the interleaved output is mapped to the REs useful for the CCE mapping from the first OFDM symbol to k-th OFDM symbol, where k is also derived from Cat0. The structure of CCE concatenation, interleaving, and RE mapping from the first OFDM symbol makes the CCE to RE mapping flexible to the variation of number of REs useful for CCEs while providing maximum frequency diversity as well as power allocation flexibility by spreading the symbols of each CCE across the entire BW and all the OFDM symbols used for control as much as possible. The variation comes from the different number of OFDM symbols used for control subframe by subframe, or different number of REs used for RS depending on the number of Tx antennas, and so on. In addition to the flexibility, the cell-specific interleaver randomizes intercell interference between cells as the set of physical REs mapped to the same CCE ID will be different between cells.

However, there are still a couple of open issues as follows:
· How to support intercell interference coordination
· Whether the cell-specific interleaving block is needed or not
· Detailed design of cell-specific interleaver
· Way to support antenna transmit diversity
In the following sections, we discuss the issues above. 
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Figure 1. Outline of the CCE to RE mapping rule agreed as starting point
2.1 How to support intercell interference coordination?
PDCCH coverage could be improved by intercell interference coordination (ICIC) technique. In this section, we focus on CCE to RE mapping to support the ICIC for PDCCH transmission.
One possible approach is that the transmit power of some of PRBs is limited (or turned off) to coordinate the intercell interference without any notice to UE. Given that a CCE is uniformly distributed across the entire BW, the code rate for PDCCH will effectively increase. Performance degradation from the increased code rate can be compensated by either boosting transmit power or allocating more CCEs to the PDCCH. However, performance degradation due to the fact that UE isn’t aware of reduced power for some PRBs and lower SNR of them, can not be avoided in this approach. However, the advantage of this approach is no need for any kind of signalling to support ICIC. Note that this approach is not in line with the following Riga decision, “The power setting of each control channel is up to the Node B, but is constant within a TTI for one control channel”. 
Another alternative approach is to map CCEs to not all of the PRBs but a subset of PRBs in each cell where the subset of PRBs used is coordinated between cells. A simple example of this approach is illustrated in Figure 2. Information on the subset of PRBs used for CCE to RE mapping in a particular cell could be either signalled or derived from a cell ID. In general, the explicit signalling approach can provide more flexible ICIC at the expense of signalling overhead. 
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Figure 2. Example of CCE to RE mapping for Interference Coordination
2.2 Whether to introduce the cell-specific interleaving block?
As discussed above, the cell-specific interleaving block is beneficial in terms of flexible CCE to RE mapping and power allocation and interference randomization. An issue raised by a company during the discussion of the structure in Figure 1 was the need for common mapping rule between cells to support ICIC. As the ICIC should be performed based on PRB as shown in Figure 2 in asynchronous system, i.e., different set of PRBs is used between cell, (Note that in asynchronous system, the control region, or the OFDM symbols used for control in a cell could collide with data region in other cells, and therefore the ICIC should be performed based on PRB since the ICIC for data is performed in that way.) the cell-common mapping doesn’t provide any benefit in terms of ICIC support. The cell-specific mapping could rather provide performance gain since in practice intercell interference cannot be perfectly avoided with the ICIC. It is therefore recommended to introduce the cell-specific interleaving block, since the cell-specific mapping can be easily implemented by the cell-specific interleaver. 
2.3 Detailed design of cell-specific interleaver
One possible approach to implement the cell-specific interleaver is to define a cell common interleaver and apply cell-specific cyclic shift, where the shift value can be derived from cell ID as proposed by Ericsson on email reflector. As various numbers of CCEs exist depending on Cat0 and system BW, the interleaver size should be flexible. Pruned bit-reversal interleaver (PBRI) would be a good candidate to address this CCE to RE mapping since it provides maximum distance between adjacent symbols as well as adaptability to various sizes. The detailed algorithm of the PBRI is as follows:

Generates a permutation y = PBRI(i, M) of a sequence of {0, 1, …, M-1} of size M where y is the output value corresponding to the input value i. The PBRI is defined as follows: 
1. Determine the PBRI parameter, n, where n is the smallest integer such that M ≤2n. 
2. Initialize counters i and j to 0.  
3. Define x as the bit-reversed value of j using an n-bit binary representation. For example, if n = 4 and j = 3, then x = 12. 
4. If x < M, set PBRI(i,M) to x and increase i by 1.
5. Increment the counter j.
6. If (i < M) go to 3.
In order to support SFBC-based Tx diversity scheme, the permutation should be applied in the unit of 2 or 4 consecutive CCE symbols. 
3 Summary
In this document, we discussed a couple of open issues on the mapping of CCE to RE such as intercell interference coordination, need for the cell-specific interleaving block, detailed design of the cell-specific interleaver, mapping rule for Tx diversity support, and so on. Based on the discussions, we propose the followings: 

· to adopt the CCE to RE mapping rule shown in Figure 3.
· to further study whether/how to support intercell interference coordination.
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Figure 3. Proposed CCE to RE mapping rule
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