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1 Introduction

At last RAN WG1 meeting, various OFDM-based MA schemes have been proposed for the DL. Due to the frequency reuse of 1 target, the propagation conditions will inevitably be interference limited, thus all these multiple access schemes will require efficient solutions to cope with this issue. In this document, we introduce the issue of inter-cell interference estimation for 2 OFDM-based multiple access schemes: OFDMA and MC-CDMA.
2 Nature of the inter-cell interference
In a multi-cellular OFDMA system, as far as DL transmission is concerned, inter-cell interference occurs when users from different cells (cell of interest and interfering cells) transmit data on the same sub-carrier during a given OFDM symbol interval. So, we have a superposition of modulated signals with unknown fading gains. Thus, without specific frequency allocations/coordination among cells, inter-cell interference is not perfectly white and Gaussian. In our multi-cell scenario, as it was done in [3], frequency hopping sequences are used to avoid signals superposition and the use of these sequences. To simplify the estimation process, we will assume the inter-cell interference being roughly Gaussian.
Considering the case of a MC-CDMA system, the inter-cell interference presents a Gaussian-like form. We were able to both show mathematically and verify via simulation results the validity of this argument. The probability density function is discrete, taking values that follow very closely the ones of the Normal distribution. The latter is true irrespective of the modulation scheme (QPSK, 16-QAM, or 64-QAM) used in the interfering cells. For instance, we can characterize the Probability Density Function (PDF) of the inter-cell interference in the 16-QAM case by the following term:
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is the number of users in the interfering cell. Similar expressions can also be obtained for other modulation schemes. However, we will not further discuss about the mathematical modeling, since the main topic of the present work consists in estimating the inter-cell interference.
Soft-input channel decoders such as turbo-code decoders operate on soft-valued reliability metrics, referred as log-likelihood ratios (LLR). Assuming we have access to some information about the interference that corrupted the signal during transmission, and the variation of this interference over time, it is possible to adjust the metrics that are fed to the decoder to reflect the fact that certain symbols are more reliable than others.
In the following simulations, we have chosen a simplified scenario in order to validate our signal processing algorithms but we believe these conditions remain realistic. Assuming a frequency reuse of 1, the users of a given cell will receive both the desired signal and interference from neighbouring cells. We consider here 2 main interfering cells (see Fig.1) with the same relative power, the remaining interference being modelled as additive Gaussian noise. However the process proposed in this paper will be later validated with a more detailed model, whose parameters should be approved during this meeting.

The cell of interest is fully loaded. The signal to noise ratio is kept constant (chosen by the mono-cell case, @BLER~10e-2); the signal to interference ratio takes value in a given range (modelling cell-of-interest's users from the edge to the centre of the cell). 
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Fig. 1: multi-cellular environment experienced by each user 

Link level parameters are compliant with the OFDM Study Item (see parameter Set 2 in [5]). The bandwidth value is set to 5MHz in this contribution but it must be underlined that the following methods and results could be applied for other bandwidths. 
3 Inter-cell interference estimation methods 
3.1 For OFDMA
It has been shown during the OFDM SI that when the PSD of the interference was ideally known by the receiver, the impact of the inter-cell interference wasn't worse than AWGN. Using the frequency allocation described in [3], we will show that simple interference PSD estimation methods work well.
The OFDM frequency band is divided here into 15 sub-bands, that is to say blocks of consecutive sub-carriers. One such sub-band during one OFDM symbol interval is referred to as an OFDM unit. User traffic is multiplexed by allocating one OFDM unit to each active user at each symbol interval. The patterns used to multiplex the traffic of different users within a given cell need to be orthogonal in order to avoid intra-cell interference. To allow full frequency reuse without resource planning, the time-frequency mappings should also minimize inter-cell interference. The time-frequency (T-F) mapping is based on truncated Costas sequences of length 15. 
The expression of LLRs in the case where a signal is transmitted using antipodal signalling over a flat fading channel with additive white Gaussian noise is quite easy to derive (noted LLRin). In a multi-cellular environment, it is no longer reasonable to suppose that the interference is completely Gaussian and white. Deriving the exact LLR expression (LLRout) would require the knowledge of usually unavailable information.

Let's denote N and I, respectively the noise and interference powers. The simple method used to update LLRs is to consider, nevertheless, that interference will have an impact which is similar to Gaussian noise, and use the following formula:
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Thanks to Costas sequences use, sub-carriers suffering from interference in the cell of interest change through time and the "average" behaviour of interference, as far as the cell of interest is concerned, is roughly Gaussian.
This method implies the estimation of noise and interference powers. In the following simulations, for each OFDM symbol, we estimate the total interfering power (I+N) per OFDM unit ("band-average" method) in order to adapt the Log-likelihood ratios. Moreover, the channel estimation is assumed to be ideal in the cell of interest.
3.2 For MC-CDMA

As in classical CDMA systems, scrambling codes are used to differentiate cells in the networks. So, all users transmitting in a cell use the same scrambling code. In MC-CDMA, this scrambling code is applied in the frequency domain in order to keep the OFDM symbol properties. We have chosen to use the same scrambling codes family as in UMTS. 

In order to estimate the power of the inter-cell interference, we follow a different approach compared to the one of the OFDMA system. 
It is well known that in a DL scenario all users of the cell of interest encounter the same fading in all the sub-carriers. This is due to the fact that their signals are synchronized (from the base station) and thus they all propagate over the same channel. Considering an interfering cell, a signal of the same structure (in terms of second order statistics) is emitted. However, it should be noted here that there exists a main difference. The interfering signal undergoes under unknown and different fading gains. In other words, it propagates over a different time varying channel. Taking the aforementioned facts into consideration, it can be easily become understood that knowledge of the interfering channel is of primordial importance, since it will eventually unveil the channel attenuations of the interfering signal in each sub-carrier.

3.3 Results 

OFDM parameters are set according to parameter set 2 from the OFDM Study Item [5]. Two interfering cells with equal powers are simulated. AWGN level is fixed thanks to the mono-cell case (no interference, BLER~10e-2). Simulations are run over Vehicular A channel model (@120km/h). The influence of interfering cells loads is studied. 
	Parameters
	~Set 2 from TR25.892

	TTI duration (msec)
	2

	FFT size (points)
	1024

	OFDM sampling rate (Msamples/sec)
	6.528

	Guard interval (cyclic prefix) (samples)
	64

	# of OFDM symbols per TTI 
	12

	# of useful subcarriers per OFDM symbol 
	705 (OFDMA) / 704 (MC-CDMA)

	OFDM bandwidth (MHz)
	4.495

	Carrier frequency (GHz)
	2

	Modulation
	QPSK 2/3

	Channel coding
	UMTS Turbo-Code

	Channel Model
	Vehicular A @120km/h

	Cell of interest load
	15 users


OFDMA
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Without interference estimation, BLER curves are quite similar for full or half loaded interfering cells (same behaviour with 3 users when SIR increases). We can conclude that interfering power level is the main information to model inter-cell interference.
In OFDMA, with "LLR update for interference estimation" method, for a given interference power, the more narrow-band the interference is, the more you can improve the performance: when the interference is received over a limited number of modulation units (=> limited number of interfering users), these modulation units are marked as unreliable and the channel decoder will base its decision on reliable symbols; it can't be that way when the interference power is divided between multiple users (full-loaded interfering cell for instance). At high SIR, the BLER curves converge towards the mono-cell case BLER point at the estimated SNR.

MC-CDMA

In the following figure, the BER and BLER performance of an MC-CDMA system are depicted, sharing the same parameters with the previously discussed OFDMA model. We present two cases; the first one does not treat the interference at all, while the second assumes an ideal knowledge of the total interference power in each sub-carrier. This information is then used in order to update the LLR similarly to the OFDMA case. The interfering cells are of full load (15 users). We can clearly see that even ideal interference knowledge provides slight performance gain (0.2dB maximum). By reducing the number of users in the interfering cell exactly the same results are obtained, as long as we keep the SIR value fixed. The reason that here we do not have significant gains lies on the specific structure of the MC-CDMA system. In other words, the inter-cell interference, in the MC-CDMA case, affects always all the sub-carriers, no matter of the system’s load. Therefore, the LLR update does not provide to the decoder a certain region with more reliable bit estimates. In MC-CDMA inter-cell interference requires a different kind of treatment and more attention should be focused in interference cancellation techniques.
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4 Conclusion

We have shown with this contribution that simple methods of inter-cell interference estimation techniques can improve the performance in the OFDMA case. However, in MC-CDMA, no gain can be obtained by estimating the interference power. 
The proposed technique could be included in a three step interference mitigation process as explained in [4]:

· interference avoidance via inter-cell interference coordination,
· interference cancellation thanks to iterative processing (multiple antennas at UE),
· residual interference estimation for LLR update to feed soft-input channel decoder.
Future studies will mainly focus on how we can efficiently incorporate MIMO structures in OFDM-based systems to manage the inter-cell interference. Capacity improvements of MIMO systems become even more desirable as the spectral efficiency targeted for the DL is about 3 times larger than for the current Rel. 6. However, the advantages of MIMO do not come for free, since such an approach may increase the overall interference. Thus, the main challenge lies on the design of efficient algorithms capable of exploiting the increased diversity stemming from multiple antennas structures. 
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