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1. Introduction

At RAN1 #48bis, the mapping of control channel elements (CCEs) to resource elements (REs) was discussed. One possible structure discussed is found in ‎[1]. This structure does not explicitly address the aspect of coordinating the frequency regions used for control signaling in different cells, e.g. to support reuse >1 for control signaling or different interference coordination schemes. In this contribution, a structure trying to address these aspects is outlined.

2. Discussion

2.1. Requirements

The following requirements can be posed on the control signaling:

· Possibility for interference randomization between cells. A certain control channel should not persistently collide with one and the same control channel in a neighboring cell. 

· Possibility for interference coordination. By using different parts of the frequency spectrum in different cells for control signaling it should be possible to avoid/reduce inter-cell interference for the control channels.

· As seen from the UE, the CCE-to-RE mapping structure should be invariant to whether interference coordination is used or not. After the cell-search procedure, the UE does not know whether a cell is applying interference coordination or not but still needs to read system information from the “dynamic BCCH”. If the “dynamic BCCH” is mapped to the DL-SCH (or transmitted in a similar way as the DL-SCH), it must be possible to read the DL-SCH and associated control signaling without knowledge about any inter-cell coordination.

· Control signaling should utilize the full system bandwidth to exploit any frequency diversity (already agreed in RAN1).

· Two symbols from the same CCE should be mapped to two in frequency neighboring REs in order to support SFBC as the diversity scheme (already agreed inRAN1).

A structure fulfilling these requirements is outlined below.

2.2. Basic structure

The basic idea is to perform the CCE-to-RE mapping in such that

· a certain set of CCEs is mapped to a subset of all available resource blocks, and

· the mapping is linked to the cell ID.

With this approach, the network can rely on interference randomization if the CCEs in a cell are used without any restriction. If the usage of CCEs is coordinated between cells, collisions between control channels in different cells can be avoided. Furthermore, from a simplicity point-of-view, it is desirable if the CCE-to-RE mapping follows the resource block structure.

2.3. Proposal

One possibility to implement the basic structure above is to define virtual resource blocks and physical resource blocks for the control signaling. Note that this terminology is purely as a tool to describe the overall structure.

· Define M groups, each containing a set of CCEs

· Preferable, the number of CCEs in a group is a multiple of 8 (the largest aggregation factor supported)?

· The QPSK symbols corresponding to the CCEs in each such group are concatenated and interleaved

· Fixed interleaving, same in all cells, to simplify the structure. Each set of CCEs is independently interleaved. Same interleaver for all sets

· Define M groups of virtual RBs (corresponding to the CCE groups above).

· The outputs of each interleaver is cyclically shifted by an amount L and mapped to consecutive REs not used for reference signals in the corresponding group of virtual RBs

· Virtual RBs are mapped to physical RBs in a cell-specific manner

· Virtual RB i is mapped to physical RB i·M+P
· To avoid signaling P and L, these quantities are tied to the cell ID

· P obtained as the ID within the cell ID group (0, 1, or 2)

· L obtained from the ID of the cell ID group

· cat 0 should also allow for interference coordination

· Always mapped to virtual RBs in group 0, which implies it will be mapped to different physical RBs and thereby benefit from interference coordination (if used)

With this structure, interference coordination can by supported by only using CCEs in some of the M groups. Interference randomization between cells is supported through different values of L in different cells and through cell-specific scrambling. Note that each group of CCEs should be mapped to physical RBs over the full system bandwidth to maximize the frequency diversity.

Note that the terms virtual and physical resource blocks are introduced purely as a tool to describe the overall structure. The structure can equivalently be described as the usage of fixed interleaving, followed by a cell-specific cyclic shift and mapping of the cyclically-shifted output to a subset of the resource blocks.

The basic mapping scheme is illustrated in Figure 1.
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Figure 1: Example of CCE-to-RE mapping.

3. Conclusion

It is proposed to agree on the structure above as the basis for the CCE-to-RE mapping.
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