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1. Introduction

The Technical Report [1] describes that repetition coding can be used as a complement to FEC in order to achieve high processing gain. This contribution proposes a coordinated symbol repetition to mitigate inter cell interference. In this contribution, symbol repetition means spreading without code multiplexing. 

2. Inter cell Interference mitigation method

Inter cell interference mitigation is considered as a promising method to realize frequency reuse one. As discussed in the Technical Report [1], the usage of repetition is beneficial to mitigate interference by achieving high processing gain. 

In addition to the repetition, several interference mitigation methods have been discussed. One approach was proposed in [2] where the scheduler may be imposed restrictions on the allowed transmit power for a specific resource block. Another approach is to subdivide the overall frequency resource into frequency patterns and to use a dedicated pattern with power restriction [3].

[image: image1.emf]C

e

l

l

#

4

C

e

l

l

#

5

C

e

l

l

#

6

NodeB

Desired signal

inter cell

Interference

C

e

l

l

#

1

C

e

l

l

#

2

C

e

l

l

#

3

NodeB

inter cell

Interference


Figure 1 Inter cell interference

3. Proposal: Coordinated symbol repetition in frequency domain and MMSE receiving at UE

In this section, firstly we introduce the conventional approach of MMSE receiving in space domain with plural antennas to mitigate inter cell interference. Secondly, the application of MMSE processing in frequency domain is explained compared with space domain processing. Lastly, coordinated symbol repetition in frequency domain in order let UE utilize frequency domain MMSE to mitigate inter cell interference is proposed.

3.1. MMSE receiver in space domain to mitigate inter cell interference

Space domain interference cancellation algorithms such as Minimum Mean Square Error (MMSE) can be implemented at the UE by utilizing the two receive antennas to mitigate inter cell interference. One dominant inter cell interference at the UE can be cancelled by MMSE in space domain by two antennas.
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Figure 2 MMSE receiver in space domain

3.2. MMSE receiver in frequency domain to mitigate Inter cell interference 

Figure 3 shows a block diagram for frequency domain interference mitigation. When desired signals on frequency f1 and f2 are identical and interference signals on frequency f1 and f2 are identical, MMSE receiver can cancel the interference signals. This is because the components of the received signal of the identical mapping in frequency domain are equivalent to the components of the desired and interference signal in space domain. 

This MMSE processing can cancel the interference from other cells whose frequency repetition symbol mapping is identical to the desired cell. The number of interferers that the MMSE receiver can cancel is RF -1, where RF is the number of repeated symbols in frequency domain (Repetition Factor).
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Figure 3 MMSE receiver in frequency domain

3.3. Coordinated symbol repetition in frequency domain to realize frequency domain MMSE

We propose to employ coordinated symbol repetition among cells in order to mitigate inter cell interference efficiently utilizing MMSE algorithm in frequency domain. In this method, the repeated symbol mapping in frequency domain is coordinated to be identical. This enables UE to mitigate inter cell interference with processing MMSE in frequency domain.

Figure 4 shows an example of the coordination when repetition factor (RF) is two. P denotes the Pilot symbols transmitted at the first OFDM symbol in a sub frame.
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Figure 4 Coordinated symbol repetition among cells

Furthermore, frequency domain mapping of the repeated symbols is not limited to the neighboring sub carriers. As shown in Figure 5, a frequency domain interleaver can be employed as long as the repeated symbol mapping is identical among the neighboring cells. 
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Figure 5 Coordinated symbol repetition among cells with frequency symbol inter leaver

As long as the mapping in the frequency domain is identical among cells, orthogonality among the data symbols (i.e. orthogonal spreading) is not necessary. Furthermore a time domain symbol interleaver can be employed with this method as shown in Figure 4 and Figure 5. These features of the proposed method enable the system to be more flexible compared to the usage of the orthogonal spreading codes for data symbols or coordinated sub carrier allocation.

The reason why the proposed method uses identical repeated symbol mapping in the frequency domain is to reduce the MMSE weight calculation complexity at the UE. As long as the channel state doesn’t fluctuate during some time period (e.g. TTI), the MMSE weight for repetition symbols can be reused throughout that period. Therefore, the update frequency of the MMSE weights can be reduced which leads to reduction of the complexity of MMSE weight calculation.

This method doesn’t require additional signaling on the mapping of the repeated symbols. The repetition symbol mapping information can be signaled among neighboring cells when the Node B is set up.

Furthermore, the processing of MMSE can be employed in both space and frequency domain. When the number of the antennas is N and the repetition factor is RF, (N * RF) -1 interferers can be mitigated by MMSE in space and frequency domain.
3.4. Considerations on MMSE receiver implementation at UE

In order to implement the proposed MMSE receiver, the UE can reuse the MIMO receiver. The general MIMO receivers contain MMSE functionality. The Technical Report [1] explains that the baseline receiving antenna number of the UE employing MIMO is two. 

When UE is near to the Node B, the UE can use the MMSE function for MIMO receiving process and when UE is near the cell edge, the UE can use the MMSE function for interference cancellation.

Furthermore, one MMSE function can be used for space domain and frequency domain processing with different timing of the operation. This also can reduce the implementation complexity.

4. Conclusion

In this contribution we proposed a coordinated symbol repetition to mitigate inter cell interference efficiently. With the proposed method, repeated symbol mapping in frequency domain is coordinated to be identical among neighboring cells. The receiver can cancel inter cell interference using MMSE processing in frequency domain. 

This frequency domain processing can increase the number of interferers which can be mitigated at UE. When number of antenna is N and the repetition factor is RF, (N *RF) -1 interferers can be mitigated.

This method can be well combined with downlink macro diversity such as Fast Cell site selection or muting [4],[5]. The macro diversity can reduce intra Node B interference and the proposed coordinated symbol repetition can reduce inter Node B interference. 
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