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1 Introduction

The OFDM physical channel mapping, based on the mapping of OFDM units into the sub-bands positioned in the time-frequency grid according to the time-frequency patterns chosen to maximize the diversity gain, is described in [1]. The references [2] and [3] bring into focus a new issue of inter-cell interference mitigation for OFDM. In this solution the OFDM units are mapped into the groups of equally-spaced OFDM subcarriers over the whole available spectrum and stay in the same group during the whole TTI. Thus, in the case of partial frequency loading, the neighboring cells can use different frequency groups to avoid inter-cell interference. However, this implies frequency planning and coordination between the cells, what are not desirable premises for the system design. 

In this contribution we propose a solution for the inter-cell interference problem without resource planning, based on special time-frequency mapping patterns that simultaneously achieve large diversity gains and small cross-interference in the case of asynchronous interfering transmissions.

In Section 2 we describe the design criteria of time-frequency mappings, and then present the two sets of time-frequency sequences (for each of two reference OFDM parameter sets) with good performances. The simulation results are shown in Section 4. Section 5 concludes the paper.

2 Design criteria for OFDM time-frequency mapping patterns

Each of the T-F patterns corresponding to different physical channels should provide a maximised diversity gain. Preliminary investigations of some T-F patterns have indicated that, in order to obtain a maximised diversity gain, the T-F patterns should be such that every pair of OFDM units should be separated in time and frequency as much as possible [1]. This qualitative description can be mathematically formulated as the requirement to maximize the minimum Lee distance between the elements of a T-F pattern. The Lee distance (or metric) between the two points is the sum of the absolute values of the differences of the corresponding coordinates [5]. (Note that in the coding theory the definition of the Lee distance is slightly different in sense that the differences are taken modulo some integer number [6].)

Besides a maximised diversity gain, each of the T-F patterns should provide a minimised inter-cell interference, caused by transmissions from the neighbouring cells. If all cells are fully loaded, i.e. when the whole allowed spectrum is used, every subcarrier in each OFDM symbol will experience some degree of interference, which cannot be mitigated by any sort of resource planning [3]. In that case, either time-frequency mapping of OFDM units [1] or variable frequency interleaving [3] (equivalent to OFDM unit interleaving [1]) in each OFDM symbol may just average the interference over the whole spectrum if the fading on the propagation channel is frequency selective.

If the cells are partially loaded, and OFDM units are allocated to the same group (sub-band) of frequencies over the whole TTI, as proposed in [3], it is possible to totally avoid inter-cell interference by appropriate resource allocation strategy executed in higher network layers. However, such adaptive resource allocation strategy on global network level might be rather expensive and even not feasible.

On the other side, if the OFDM units are allocated to the different groups (sub-bands) of frequencies over the whole TTI according to a certain time-frequency mapping pattern, the inter-cell interference might not be completely eliminated, but no resource allocation strategy on global network level is required. Namely, without resource allocation strategy, for given UE the inter-cell interference might appear in the form of “hits” (i.e. occurrences of the same frequencies at the same positions), either from the same T-F pattern used in another cell or from other T-F patterns used in another cell. As the cells are asynchronous in principle, the two T-F patterns at the different cells might be cyclically time-shifted with respect to each other for an arbitrary cyclic time-shift. 

The interference coming from the same pattern in another cell can be modelled by the normalised periodic Hamming auto-correlation function, equal to the number of hits between the two arbitrary cyclically delayed versions of the same T-F pattern, divided by the length of the pattern. The interference coming from another pattern in another cell can be modelled by so-called normalised periodic Hamming cross-correlation function, equal to the number of hits between the two arbitrary cyclically delayed T-F patterns, divided by the length of patterns. Obviously, the minimum possible value of the normalised periodic Hamming auto-correlation function is 0, while the minimum possible value of the normalised periodic Hamming cross-correlation function is 1/NOFDM , where NOFDM  is the number of OFDM symbols per TTI.

The set of 15 orthogonal T-F patterns, one for each OFDM physical channel, is derived from a single, generic T-F pattern of length 15. All patterns in the set are obtained from the first pattern in the set by all the different cyclic shifts in the frequency domain. In that way it is ensured that the set of patterns is orthogonal. 

The normalised periodic Hamming cross-correlations are ensured to be low by the definition of Costas sequences [7]. Namely, the number of hits between a Costas sequence and its arbitrary, non-cyclically time and frequency shifted version, is equal 0 or 1. In our application, the possible shifts between the patterns are cyclic, and hence the definition property is not applicable exactly, meaning that the number of hits might be higher. However, as it will turn out for the concrete proposed solution, the actual maximum normalised periodic Hamming cross-correlations are just slightly higher than the ideal values.

The generic pattern T-F pattern of length 15, shown in Fig.1, is a special Costas sequence obtained from the so-called T4 construction [7], [8]. The T4 construction ensures the pattern with the minimum Lee distance equal to 3.
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Fig.1. Generic 15x15 T-F pattern (T4 Costas sequence).

For the parameter set 2, the first pattern is obtained by discarding the last three symbols of the generic Costas sequence, in order to obtain the patterns of length NOFDM =12. 

For the parameter set 1, the first pattern (TF_Pattern0) is obtained by extending the generic Costas sequence with the reversed first 12 symbols of the same generic pattern, in order to obtain the patterns of length NOFDM =27.  

Mathematically, it can be described as

TF_Pattern0(ParSet1) = [T-Fgeneric  T-Fgeneric(12:-1:1)],

TF_Pattern0(ParSet2) = T-Fgeneric(1:12).

So, for the Parameter Set 2, the first two T-F patterns are given by

   



TF_Pattern0(ParSet2) = [13   5   3    9     2   14   11   15   4   12   7   10],

   



TF_Pattern1(ParSet2) = [14   6   4   10    3   15   12     1   5   13   8   11], etc.

The maximum normalised periodic Hamming cross-correlation function in this set is 2/12=0.166.

For the Parameter Set 1, the first two T-F patterns are given by

  TF_Pattern0(ParSet1) = [13   5   3     9   2   14   11   15    4    12    7    10    1    6     8    10    7    12    4   15    11   14    2    9    3    5   13],

  TF_Pattern1(ParSet1) = [14   6   4   10   3   15   12     1    5    13    8    11    2    7     9    11    8    13    5   16    12   15    3   10   4    6   14].

The maximum normalised periodic Hamming cross-correlation function in this set is 5/27=0.185.

3 Simulation results

The simulations results presented in this section indicate the sensitivity of the above TF mappings to interference from other cells. The effects of possible time-frequency collisions between the desired and interfering transmissions are investigated by simulating the TF-mappings for the Parameter Set 2, in two scenarios. In the first scenario the interfering transmission produce no collisions, and in the other there is a collision on one OFDM unit.

The simulation parameters are given in Table 1. In both scenarios the interfering signal has half the power of the desired signal, i.e. the signal-to-interference ratio is 3 dB.

Table 1: Simulation parameters

	Parameter
	Value

	OFDM parameters
	Set 2 [4]

	Transport blocksize 
	640 information bits + 24 CRC-bits – rate 1/3 (160 kbps)

	Number of raw bits per TTI
	960 raw bits (480 QPSK constellation symbols)

	Desired signal T-F pattern
	TF_Pattern_d =[13  2  6  14  9  12  15  7  5  11  4  1] 

	Interfering sig. T-F pattern
	No collisions 
	TF_Pattern_i0=[15  7  5  11  4  1  13  2  6  14  9  12]

	
	1 collision
	TF_Pattern_i1=[13  5  3  9  2  14  11  15  4  12  7  10]

	Channel model
	VA120, VA30, PA3 and PB3

	Channel estimation
	Ideal

	Nr of simulated transport blocks
	Monte Carlo simulations stopped after 200 detected block-errors or after 20000 processed blocks.

	Turbo decoder
	Max-log-MAP-based, up to 8 iterations


Fig.2 contains the BLER curves for the two scenarios. Notice that the interfering distortion with a collision on 1 OFDM unit causes only a slight performance degradation compared to the interferer that has no collisions. At 10% BLER the loss is less than 0.5dB for VA120, VA30 and PB3 and about 0.9dB for PA3.
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Fig.2. BLER for the scenarios without and with time-frequency collisions.

4 Conclusions

In this contribution we propose OFDM physical channel mapping without resource planning, based on special time-frequency mapping patterns that simultaneously achieve large diversity gains and small cross-interference.
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