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1 Introduction

Full verification of the exponential effective SIR mapping (EESM) with realistic OFDM interference is one of the major open issues remaining in the SI. Here we address this issue. We first present a realistic solution to the number of SIR values used in the receiver for bit-metric weighting. Then we present results that validate the EESM in realistic interference scenarios.

In [1] we have demonstrated that in a realistic inter-cell interference scenario the performance of OFDM to a large extent depends on the number of SIR values per TTI used for the bit metric computation. We showed a large performance gap between two cases, one case where each bit-metric was weighted with the ideal value of its interfering power and a second case where all bit-metrics in the TTI were weighted with the same value (the average TTI-interference power). Because the first case is not feasible in practice (not known practical method for interference estimation at all sub-carriers), and the second case is not acceptable (bad performance), we show here simulation results for a practically feasible SIR estimation method based on the pilot sub-carriers, that produces one SIR value per OFDM unit.

Once the number of SIR values that should be used for bit-metric calculation is determined, it remains to show how well the EESM-approach predicts the link performance of an OFDM system by using this number of different SIR values in a realistic interference scenario.

The rest of the paper is organised as follows. In Section 2 we give simulation assumptions, while Section 3 contains simulation results and related observations. Section 4 summarizes most important conclusions.

2 Simulation Assumptions

2.5 Interference model and metric weights

We consider 6 interfering cells, where QPSK data is transmitted according to the same set-up as in the target cell. The cell loads in both the target cell as the interfering cells are fixed to be 5 physical channels. The received data symbol 
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 at sub-carrier k in an OFDM symbol can be expressed as 
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where 
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 is the channel attenuation of sub-carrier k, 
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 is the transmitted data symbol on sub-carrier k, 
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 is the thermal noise, and 
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 is the interference. The bit-metrics needed as input to the turbo decoder are calculated as
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where 
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 is the subset of constellation points that have a ”1” in position i and 
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 is the set of constellation points that have a ”0” in the position i. The symbol metric 
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We assume that the channel attenuation 
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 and the noise-variance 
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 in (2) are known at the receiver (the sensitivity to channel estimation has been discussed in other Tdocs) and we focus here on the interference-variance 
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, which generally is different for each sub-carrier, depending on the cell load in the interfering cells. 

In [1], we have evaluated the following scenario: 

1. A target cell with 1 active physical channel along with 1 interfering cell with the same load.

2. The network was synchronous, where OFDM symbol intervals in different cells are time-aligned and sub-carriers in different cells are frequency-aligned. Under this assumption the inter-cell interference is orthogonal at the UE, yielding
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where 
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 is the constellation symbol transmitted in cell n on sub-carrier k and 
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is the channel attenuation for the radio channel from cell n.

3. The perfect knowledge at the receiver about all channels 
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 and about the assignment of sub-carriers in the other cells. Along with the first assumption, as the timings of all interferers are synchronous on the OFDM symbols level, the interference appears only on those sub-carriers that are used in the interfering cells, so the interference variances on each sub-carrier can be computed as
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where 
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 if the kth sub-carrier in the nth interfering cell is transmitted and 
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 if it’s not. Unit variance of the transmitted symbols is assumed.

A second choice for metric weighting in [1] used the single average interference power value 
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 for the computation of all the symbol-metrics 
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After some comments in the previous meeting we amend the previous 3 assumptions in the following way:

1. The target cell is loaded with 5 physical channels while there are 6 equally strong interfering cells, each loaded with 5 physical channels.

2. We use one weighting value for all the metrics in the same OFDM unit, because with the user multiplexing structure as described in [2] it is likely that the interference power will be approximately the same for all sub-carriers in a frequency sub-band. Hence all the symbols transmitted in a sub-band are weighted with the same average interference power 
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, obtained as 
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where 
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 is the coefficient used in the exponential effective SIR formula given in [1], 
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 is the number of pilots in each sub-band, and 
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 is the measured interference power on the pilot sub-carrier p transmitted in the sub-band, obtained as 
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 is the known pilot symbol transmitted on sub-carrier p. So, for each OFDM sub-band (47 adjacent sub-carriers) in each OFDM unit the estimator provides an estimated value of the average interference power in that unit, measured on the 7 pilots positions in that OFDM sub-band.

3. We investigate both a synchronous and non-synchronous network. For an arbitrarily non-synchronous network where the users have completely arbitrary mutual timing, the power of the interference on each sub-carrier cannot be computed in a straightforward way, since the interfering sub-carriers are not orthogonal to the desired sub-carriers. Consequently, the bit-metric weights (3) and (4) are not feasible in this scenario. However, the estimated weights (5) are feasible both in synchronous and asynchronous scenarios.

2.6 Other general simulations assumptions

Figure 1 shows the simulation setup and some notations we adopt. 
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Figure 1. Simulation setup

We use two SIR measures in this Tdoc. First, the geometry value defined as [1]
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[image: image35.wmf]or

I

ˆ

 is the desired signal’s normalized received power and 
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 as the normalized received power from other cells. Both quantities are measured in, and normalized with respect to the desired signal’s frequency bandwidth [1]. 
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 is the spectral density of the thermal noise. Secondly, the exponential effective SIR defined as [1]
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 are defined as in [1]. Table 1 shows the simulation parameters used to obtain the curves in the next Section. We adopt the OFDM parameters and the user-multiplexing scheme as described in [2]. Moreover, we employ a QPSK rate 1/3 coding scheme with 1600 information bits, thus using 5 of the available 15 physical channels in the serving cell, also described in [2].

Table 1: Simulation parameters

	Parameter
	Value

	Modulation & coding scheme
	As in [2], Section A1.3, Table 12, QPSK rate 1/3. (1600 bits TBS, 5 physical channels)

	User traffic multiplexing
	As in [2], Section 6.2.4.1, with random physical channel allocation to the traffic channels, in each TTI.

	OFDM parameters
	As in [2], Section 5.2, Table 1, Set 2

	Channel model
	As in [2], Section A.1.3

	Interfering cells
	6 interfering cells of equal strength, each with traffic load and traffic multiplexing as in target cell, where each interfering signal passes through an independently fading channel with same characteristics as the one in target cell.

	Network synchronization
	A synchronized and a non-synchronized scenario

	Receiver channel estimation
	Ideal

	Receiver bit-meric weights
	Given by expressions (3), (4) or (5)

	Receiver turbo decoder
	Based on max-log-MAP algorithm, up to 8 iterations

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


3 Simulations results

Figure 2-Figure 4 illustrate the impact of the metric weighting for the three choices (3), (4), and (5). The dashed curves in each figure show the BLER results for the metric weighting (3) and (4), for the synchronized network scenario. The solid curves in each figure show the new results based on the estimated sub-band power (5), one curve for the synchronous network and one for the non-synchronous network
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Figure 2: BLER for OFDM in VA30 channel for several choices of metric weights.
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Figure 3: BLER for OFDM in PB3 channel for several choices of metric weighting
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Figure 4: BLER for OFDM in PA3 channel for several choices of metric weighting.

Note first that the performance in general degrades when average power values are used for the metric-weighting (as already shown in [1]). The performances of the synchronous and non-synchronous networks are approximately similar (the synchronous network being slightly better than the non-synchronous at higher geometries) and in general the loss is within a dB from the ideal performance. Finally, note that (in line with what might be expected) the frequency-selective channels (Pedestrian B and Vehicular A) are more sensitive to the choice of the weighting than the Pedestrian A channel which is almost flat.

Figure 5 shows the BLER versus the effective SIR for a number of QPSK scenarios listed in Table 2.
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Figure 5: BLER versus the effective SIR for various channel snapshots and interference snapshots for QPSK code rates 1/3, ½ and 2/3 and compared to the AWGN performance

Table 2: Beta-values for three of the 5-code QPSK scenarios in [2]
	modulation
	Code rate
	Information bits
	Physical bits
	Beta

	QPSK, 
	1/3
	1600
	4800
	1.64

	QPSK
	½
	2400
	4800
	1.72

	QPSK
	2/3
	3200
	4800
	1.85


Note that the AWGN curves predict the link performance for different snapshots of the channel and the interference up to 0.5 dB.  The spread of the performances is slightly higher than the ones reported in [2] but are acceptable for use in a system simulation.

4 Conclusions

A practically feasible SIR estimation method that produces one SIR value per OFDM symbol results in significant performance improvement compared to the classical case when only one SIR value per TTI is used. The performance is only 0.5 dB away from the ideal performance, obtained when a separate, true SIR value at each sub-carrier is used for the corresponding bit-metric calculation. The EESM can well be used as an interface in a system level simulator to predict performance in realistic interference scenarios. Therefore, we propose the attached text proposal for inclusion in the TR to indicate that the issue of inter-cell interference is closed.
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-------------------------------------------------- Start of text proposal ------------------------------------------------

A.4.3.2
Effective SIR Mapping Functions for OFDM

A.4.3.2.3
Effective SIR Mapping Function for OFDM in realistic interference scenarios

Figure 5 shows the BLER versus the effective SIR in a realistic interference scenario, with 6 interfering cells of equal strength, each with traffic load and traffic multiplexing as in target cell, where each interfering signal passes through an independently fading channel with same characteristics as the one in target cell. The target cell is loaded with 5 physical channels. The results are obtained for a practically feasible SIR estimation method based on the pilot sub-carriers that produces one SIR value per OFDM unit.
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Figure 6: BLER versus the effective SIR for various channel snapshots and interference snapshots for QPSK code rates 1/3, ½ and 2/3 and compared to the AWGN performance

Note that the ideal (AWGN) curves predict the link performance for different snapshots of the channel and the interference up to 0.5 dB.  It means that the EESM can well be used as an interface in a system level simulator to predict performance in realistic interference scenarios.

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