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1. Introduction

OFDM was agreed as LTE downlink multiple access scheme in RAN#30. For OFDM downlink, several inter-cell interference mitigation techniques have been proposed [1]. We have also proposed inter-cell interference mitigation with Coordinated Symbol Repetition (CSR) [2][3]. For CSR, symbol repetition is employed in adjacent cells with coordination as shown in Figure 1. Repeated symbols are received by a UE with MMSE interference cancellation as explained in [2][4]. 

Similar to CSR, muting [5-7] would be also candidates of interference mitigation. The concept of muting is shown in Figure 2. ON/OFF of time-frequency resources (or reduction of the transmission power in some time-frequency resource) are coordinated among adjacent cells. 

In this contribution, CSR and muting are compared from system implementation point of view. 
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Figure 1 Coordinated symbol repetition
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Figure 2 Muting

2. Comparison of CSR and Muting 

In this section, CSR is compared with muting from a system implementation point of view.
2.1. System implementation of CSR 
For CSR, data symbols are repeated, where the mapping of the repeated symbols on time-frequency resources is identical among cells. Repeated symbols are received by a UE with MMSE interference cancellation. A simplified channel coding chain is shown in Figure 4. Below the requirements for the system to implement CSR are listed: 

· Inter-cell synchronization
Sufficient level (within CP length) of inter-cell synchronization is necessary for efficient interference cancellation. 

· Coordination of symbol repetition transmission among cells

Use of symbol repetition or not must be coordinated among adjacent cells because interference cancellation is possible only when both desired and interference signal employ symbol repetition. Although dynamic coordination by fast inter-Node B signaling is also useful, usually semi-static coordination of symbol repetition by predefined time-frequency resource is enough. Therefore, this requirement is not so tight.
In addition, note that the repetition factor can be different for each cell. An example of coordination with different repetition factor is shown in Figure 5. Cell#1 uses repetition factor = 4 and cell#2 uses repetition factor = 2 in this figure. A pair of two symbols is used for interference cancellation. This further looses the requirement of the coordination among cells.

· Identical symbol repetition mapping on time-frequency resources among cells

This would not impact on system complexity. Every cell just uses a specified mapping pattern of repeated symbols. An example of mapping is shown in Figure 4. 
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Figure 4 simplified channel coding chain and an example of symbol mapping (CSR)
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Figure 5 an example of symbol mapping with different repetition factor

2.2. System implementation of Muting
For muting, ON/OFF of time-frequency resources (or reduction of the transmission power in some time-frequency resource) are coordinated among adjacent cells. Simplified channel coding chain is shown in Figure 6. Below the requirements for the system to implement muting are listed:

· Inter-cell synchronization
Sufficient level (within CP length) of inter-cell synchronization is necessary if muting is implemented by coordinating resources in time domain.
· Coordination of ON/OFF pattern of time-frequency resources among cells
To avoid interference, ON/OFF pattern of time-frequency resources (or reduction of the transmission power in some time-frequency resource) is coordinated among adjacent cells. For example, cell#1 uses sub-carrier #1, #3, #5, #7, and cell#2 uses sub-carrier #2, #4, #6, #8 as shown in Figure 6. Another example would be cell#1 uses physical channel (distributed or localized channel) #1, #3, #5, #7, and cell#2 uses physical channel#2, #4, #6, #8. 
Although dynamic coordination by fast inter-Node B signaling is also useful, usually semi-static coordination of ON/OFF pattern by predefined time-frequency resource is enough. For three-cell coordination case, 1/3 of the time-frequency resources could be used in each cell, i.e. frequency reuse factor is three.
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Figure 6 simplified channel coding chain and an example of symbol mapping (Muting)

2.3. Considerations

In CSR, the MMSE interference canceller at the UE mitigates the strongest interferer sub-frame by sub-frame when the UE receives interferences from plural cells. This feature is beneficial because a set of coordinated cells is not necessary to be changed frequently even in an environment where the strong interferer is frequently changed due to, e.g. fast fluctuation of the propagation conditions or the flashlight effect in MIMO transmission. In Figure 7, although the strongest interferer changes from cell#2 to cell#3, the resource allocated to the interfered UE in cell#1 does not need to be changed. The coordination among these three cells is not necessary to be modified in such change of strongest interferer. 

On the other hand, for muting, a set of coordinated cells has to be updated when the strongest interferer changes. Figure 8 shows an example. At first the coordination between cell#1 and cell#2 is established. When the strongest interferer changes from cell#2 to cell#3, a coordination between cell#1 and cell#3 has to be established. This causes frequent coordination among these cells. Frequent coordination could be avoided by employing coordination with a frequency reuse of three instead of a frequency reuse of two. However, this will reduce the amount of resources available in the cells. 
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Figure 7 3-cell coordination with RF=2 in CSR
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Figure 8 3-cell coordination with RF=2 in muting

3. Conclusion

In this contribution, Coordinated Symbol Repetition (CSR) and Muting have been compared from system implementation point of view. CSR needs less coordination between cells than Muting, because MMSE interference canceller for CSR at UE can mitigate strongest interference, which is automatically chosen by MMSE algorithm. 

We believe this feature is important for inter-Node B inter-cell interference mitigation to achieve a reasonable system performance at low system complexity. Therefore, we propose to include inter-cell interference mitigation by CSR in the TR. 
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7.1.2.6.2
Inter-cell-interference cancellation

Fundamentally, inter-cell-interference cancellation aims at interference suppression at the UE beyond what can be achieved by just exploiting the processing gain.

Two methods have been discussed

· Spatial suppression by means of multiple antennas at the UE. It should be noted that the availability of multiple UE antennas is an assumption for E-UTRA.

· Interference cancellation based on detection/subtraction of the inter-cell interference. One example is the application of cell-specific interleaving (IDMA) to enable inter-cell-interference cancellation. Another example is interference cancellation supported by the symbol repetition employed in adjacent cells with coordination.
7.1.2.6.3
Inter-cell-interference co-ordination/avoidance
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager, restrictions on the transmit power that can be applied to certain time/frequency resources, or restrictions on transmit format, e.g. transmission with symbol repetition. Such restrictions in a cell will provide the possibility for improvement in SIR, and cell-edge data-rates/coverage, on the corresponding time/frequency resources in a neighbour cell.
The coordination between the cells can range from a static coordination to a more or less dynamic coordination based on different types of measurements, e.g. UE measurements and traffic distribution.

------------------------------ End of text proposal --------------------------------------






