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1 Introduction
In OFDMA based cellular systems, the data rate of cell edge UEs is severely limited by inter-cell interference (ICI). Several approaches have been proposed for efficient management of ICI; coordinated interference management [1,2], interference avoidance [3], interference averaging/randomization, interference cancellation based on coordinated symbol repetition (CSR) [4] etc. In this contribution, we present an ICI mitigation scheme based on the coordinated symbol repetition technique for E-UTRA downlink. The resource partitioning, allocation, and transmission and reception processes for ICI mitigation are discussed and some preliminary simulation results are presented.
2 Coordinated symbol repetition technique

In the conventional approach, in order to provide reliable data transmission to cell-edge users, very low-rate coding is used through symbol repetition, which is done without coordination among cells. However, if the symbol-repetition is coordinated among cells as suggested in [4], the symbol detection performance can be greatly improved by employing interference cancellation in the detection process. This CSR technique seems to be a promising solution for ICI problem since it neither sacrifices the full frequency reuse nor requires a complicated multicell planning. 

The key idea of the CSR method is that for cell edge users, the data symbol is repeated on a number of resources, which are identically allocated among different cells. Then, the transmission of the desired symbol from the serving cell and interfering symbols from neighboring cells coupled with respective channel responses can be considered as a “virtual” MIMO system, for which a variety of MIMO detection techniques such as Zero Forcing (ZF), Minimum Mean Square Error (MMSE), Parallel Interference Cancellation (PIC), Successive Interference Cancellation (SIC) etc. can be used to extract the desired symbol or cancel the interfering signals from the received signals.
3 Resource allocation
3.1 Resource partitioning

In this section, we describe a resource partitioning and allocation scheme for the CSR. In an OFDM system, the basic resource unit that carries one OFDM symbol is specified by the tone and the symbol time in the frequency-time resource space. 
Fig. 1 depicts the resource partitioning, which only illustrates a logical arrangement and actual physical resource allocations in the frequency-time resource space can be specified through a separate mapping procedure. The entire resource space is partitioned into two large resource blocks; one for traffic channels (type-A resources) 
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Figure 1: Resource partitioning (logical)
and the other for control channels (type-B resources). In our scheme, the type-A resource block is further split into subblocks  A1 and A2. The subblock A1 is for UEs relatively free from interference; cell center UEs, while the subblock A2 is for UEs susceptible to interference from other cells; cell-edge UEs. Further, in case all the resources in A2 are used up, a part of resources in A1, denoted A11, is reserved for further resource use for interference-susceptible UEs. Each cell adopts the same resource allocation scheme, while the size of the resource blocks A1 and A2 in each cell can be adjusted by taking into account interference-susceptible traffic through inter-cell coordination.
Fig. 2 illustrates geometrical resource allocation of the resource subblock A1 and A2 in the two-dimensional hexagonal cellular geometry. The resource allocation by the Node-B is done as follows: The UE estimates the signal to interference ratio (SIR) and the noise strength and reports them to their serving Node-B. If the UE has a large SIR, the resources belonging to the subblock A1 are assigned as traffic channels for the UE. Otherwise, the resources in the subblock A2 are assigned. In contrast, the resource allocation for the resource block B, which is used for control channels, is uniform throughout the cells as shown in Fig. 3.  
3.2 Resource allocation for repetition symbols
In this section, the allocation of the repetition resources in the subblocks A2 and B is described. The subblock A2 is divided into K disjoint resource sets A2-1, A2-2, …, A2-K consisting of N1, N2, … , NK resources, respectively. The A2-k contains Nk/Gk unit repetition blocks, each consisting of Gk repetition resources, which are used for transmission of one symbol and occupy exactly the same positions in the frequency-time resource space for all cells.
The unit repetition block of the resource set A2-k can take three different allocation patterns called comb, random, and cluster types, respectively, which differ from each other in the way of assigning Gk resources. Depending on the allocation type, the Gk resources are allocated as follows.
Comb or random type: The Gk repetition resources are spread uniformly as much as possible in the frequency-time resource space in order to obtain a maximum frequency/time diversity gain and to minimize the correlation between Gk subcarrier channels connecting the Node-B and the UE.
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Figure 2: Resource allocation for traffic channels (geometrical)
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Figure 3: Resource allocation for control channels (geometrical)
Cluster type: The Gk repetition resources are localized so that they form a connected block in the frequency-time resource space.
The three types of resource allocation pattern are illustrated in Fig. 4.
The allocation for the subblock B, which is used for control channels, is done in a similar way; The subblock B is divided into R disjoint resource sets B-1, B-2, …, B-R consisting of M1, M2, … , MR resources, respectively. The B-k contains Mk/Gc,k unit repetition blocks, each of which consists of Gc,k repetition resources occupying exactly the same positions in the frequency-time resource space for all cells. However, in the allocation of repetition resources, only comb or random type allocation is considered to maximize frequency/time diversity gain. 

4 Transmission and reception
4.1 General process

In this section, we discuss the transmission and reception processes for the CSR in detail.  Assuming Nc neighboring cells, the received signals for a channel belonging to resource block A2 or B can be written as below.
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 represent the desired transmit symbol and the interference symbols from the i-th adjacent cell, respectively, and N is the total number of subcarriers in the channel. 
[image: image7.wmf]()

w

Nn

 denotes an AWGN with zero mean and variance 
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. Assuming that every symbol is repeated G times over G subcarriers, Eq. (1) can be rewritten in a vector-matrix relation;
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where m indicates a resource block consisting of G subcarriers and M = N/G. M corresponds to the total number of data or control symbols being transmitted .
The received signal vector
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where 
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 indicates the g-th subcarrier of the m-th resource block. The m-th symbol for the i-th UE 
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. The physical allocation of G subcarriers is indicated by indices 
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and depends on the allocation type, i.e., whether it is cluster, comb, or random-type allocation. The index assignments for the three allocation types are given below;
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 and rand(m, g) is a random integer ranging from 0 to M-1. As illustrated in Fig. 4, the G subcarriers are adjacent in cluser-type allocation, separated by M carriers in comb-type allocation, and randomly positioned in random-type allocation.  
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 and represents the channel response between the Node-B of the i-th cell and the UE, for the subcarriers in the m-th resource block;
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Figure 4: Three types of repetition resource allocation 

(a) Cluster type, (b) Comb type, and (c) Block-random type
Assuming that 
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’s are mutually independent, the symbols can be extracted by employing various detection techniques including linear detection processes  such as ZF and MMSE, and nonlinear detection processes such as PIC, SIC, and Maximum Likelihood (ML). For example, in the linear detection, the following weight matrix 
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where 
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where 
[image: image36.wmf]*

()

m

H

 denotes the conjugate transpose of 
[image: image37.wmf]()

m

H

, 
[image: image38.wmf]2

s
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[image: image39.wmf]G

I

 is the G x G identity matrix. 
4.2 Signature randomizers for cluster-type resources

If the subcarriers carrying the repetition symbols are highly correlated to each other, we cannot obtain a full transmit diversity effect, which results in degradation in the performance of the interference cancellation. Thus, for such correlated channels, we multiply a signature randomizer to each repetition symbol, which effectively leads to randomization of the channel responses of the subcarriers thereby restoring the diversity gain. As an example, one may use the following set of random phasers as signature randomizers.
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where rand(i, n) is a random integer ranging from 0 to 7, and thus, 
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is one of 8PSK weights, which is multiplied with the symbols before it is transmitted over the n-th subcarrier. With the above random phasers, the effective channel matrix 
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For channels with cluster-type resource allocation, the multiplication of random phasers transforms the originally coherent band of subcarrier channels into a set of independent, non-correlated channels
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 thus, improving the detection performance.
5 Simulation results 
In this section, we provide preliminary simulation results. The performance of the cell edge UE is compared for two OFDM systems using the CSR and the interference averaging scheme based on channel interleaving, respectively. In the simulations, we assume the perfect channel estimation and consider two cells (a target cell and one interfering cell). Some simulation parameters for the OFDM systems are summarized in Table I. A block interleaver with a size of 10240 symbols and a rate-1/4 convolutional code are used for the OFDM system with the interference averaging scheme, while the comb-type resource allocation, four-time symbol repetition, and 8PSK random phasers as a signature randomizer are used for the OFDM system with the CSR.
Table 1 Simulation parameters for the OFDM systems
	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Symbol duration
	102.4 µs

	CP length
	25.6 µs

	FFT block size
	1024

	No. Subcarriers
	1024

	Modulation
	QPSK


Fig. 5 compares the BERs of the two OFDM systems as a function of Eb/No for four different SIR values of 0, 3, 6, and 9 dB. For the coordinate symbol repetition case, the results with two different receivers, i.e., ZF and ML, are shown. It is found that the interference averaging scheme is very prone to the interference and virtually fails to remove any interference while the CSR achieves a relatively good performance implying successful interference cancellation, which is particularly made efficient by applying a good signature randomizing scheme.
The above simulations assume the perfect channel estimation but the performance of interference cancellation is likely to rely much on the accuracy of channel estimation. Hence, the performance of the proposed method with realistic channel estimation needs to be investigated further.
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Figure 5(a) Performance for the Pedestrian A channel with UE speed 3 km/h
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Figure 5(b) Performance for the Pedestrian B channel with UE speed 3 km/h
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Figure 5(c) Performance for the Vehicular A channel with UE speed 60 km/h
6 Conclusion 
In this contribution, we have presented an efficient interference mitigation scheme based on coordinated symbol repetition technique in the downlink of OFDMA-based cellular systems, which is applied to traffic channels of cell-edge UEs and to control channels. Resource allocation, channel assignment, and transmission and reception processes have been discussed. Preliminary simulation results show that the proposed method is quite efficient and promising for ICI mitigation.
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