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1 Introduction

The Exponential Effective SIR Mapping (EESM) approach has been shown to be an effective method for using multi-path transmission channel data to generate an effective SIR value that may be used with AWGN BLER curves to model OFDM link-level performance in OFDM system-level performance evaluations when the interference is assumed to be white (equal interference power on each OFDM subcarrier) ‎[2].  A following contribution ‎[3] demonstrated that the EESM mapping could still be applied when coloured interference (different OFDM subcarriers observe different amounts of interference power) was used, although the results in that document were subject to the requirement that the interference powers for each subcarrier were known exactly at the receiver.
This contribution provides a follow-up to the previous two documents ‎[2]

 REF _Ref71534100 \r ‎[3] by including two further enhancements to the EESM validation process.  Firstly, the coloured interference used here is generated according to a full 19 cell (57 sector) system-level set-up and thus provides an accurate representation of what interference profiles would realistically look like in a system scenario.  Secondly, knowing the interference power exactly on a subcarrier-by-subcarrier basis is not really a technologically feasible assumption.  Consequently, interference approximations are used for the results presented within this document, where the interference power is averaged over a block of adjacent subcarriers.  This approach does represent a technologically implementable solution.

As is shown in the sample validation results contained in this contribution, the EESM approach may be used to model OFDM link-level performance at the system-level when the following conditions are satisfied.

· Coloured interference from multiple interferer sectors is present.  (This represents a realistic system scenario.)

· Average interference powers over each physical channel block of 47 subcarriers are assumed to be known at the receiver.  (This is a technically feasible solution.)

· The interferer sectors are assumed to be fully loaded (using all 15 physical channels) or partially loaded (using 10 physical channels).

2 Background Information
2.1 Exponential Effective SIR Mapping (EESM)

The EESM is defined as ‎[1]:


[image: image1.wmf]÷

÷

÷

ø

ö

ç

ç

ç

è

æ

-

=

-

å

b

g

b

k

u

N

k

u

eff

e

N

SIR

1

ln


where γk is the SIR for the kth subcarrier and β is a parameter optimized individually for each link-mode from link-level simulations (appropriate values for β are given in ‎[1]).  Nu specifies the number of OFDM subcarriers that are being used to estimate the effective SIR for a specific case.  For link-level simulations, as considered in this document, the signal and interference powers for each subcarrier within a TTI can be measured directly from the transmission channel’s frequency response and the interference PSD (Power Spectral Density) (with the generation of the latter quantity described in more detail in Section ‎2.2).
2.2 Generation of Multi-Cell Coloured Interference
A realistic snapshot of the interference profile observed over one TTI by a UE in a multi-cell environment can be obtained by following the procedure described below.

1. Drop a UE in the central cell of a 19-cell (57 sector) layout.

2. Determine the geometry of the UE with respect to each of the 57 possible controlling sectors.
3. Use these geometry values to determine the controlling sector of the UE (i.e. choose the sector with the highest geometry as the controlling sector).  If the controlling sector does not lie within the central cell, then go back to Step 1.
4. Compute a multi-path channel instantiation between each interferer sector and the UE.  Use an appropriate multi-path channel model such as Pedestrian B.  Include the effects of scattered pilots and signalling subcarriers, assumed interferer cell loading (i.e. number of physical channels in use by the interferer cells), physical channel mapping, and asynchronous time offsets to determine the interference contribution within a single TTI from each interferer sector.

5. Sum the interference contributions from each of the 56 interferer sectors to obtain the overall PSD (Power Spectral Density) of the observed interference at the UE.
Typically, the interference PSD profile tends to be dominated by the contributions from the several strongest interferer sectors.
The obtained interference PSD (see Section ‎2.4 for examples of what the interference PSD may look like) may then be used to add coloured interference to the received signal.  Gaussian noise may be generated for each OFDM subcarrier with the power of the noise on each subcarrier following the interference PSD profile.  This coloured noise is then added to the received signal immediately after the FFT operation at the receiver and prior to any further receiver processing (e.g. physical channel demapping, QAM demapping, etc).
Note that the interference PSD will span all of the OFDM symbols within one TTI.  The interference PSD will likely appear different for each OFDM symbol, especially if the interferer cells are assumed to be partially loaded, due to the physical channel mapping that hops the subcarrier locations of the physical channels from one OFDM symbol to the next.
2.3 Relative Reliabilities of Individual LLR Metric Values
The presence of coloured rather than white interference implies that the amount of interference seen on different OFDM subcarriers will be different.  As a result, the LLR (Log Likelihood Ratio) values that are used as input metrics to the turbo decoder will have varying degrees of reliability.  For example, two separate subcarriers may receive exactly the same amount of signal power, but if the interference power on one subcarrier is twice that on the other, then the LLR values obtained from the subcarrier with the greater amount of interference will be less reliable than those obtained from the other subcarrier.  As a result, it is necessary to compensate for the relative degree of reliability in the LLR values prior to turbo decoding to ensure that unreliable values are not overweighted in the decoding process.
This can be accomplished by dividing each LLR value by the interference power observed on the original subcarrier from which a given LLR value was obtained.  Ideally, of course, the interference power would be known exactly for each subcarrier within a TTI, and the LLR values could be scaled appropriately based on these interference powers.  However, it is not technologically feasible to accurately estimate the interference power on a subcarrier-by-subcarrier basis.  A less complex yet feasible alternative is to estimate the average interference power for a group of adjacent subcarriers and then use this average interference power to weight the LLR values based on their estimated degree of reliability.  A suitable grouping for this interference estimation (as used within this contribution) would be to base it on a physical channel basis (i.e. divide the OFDM subcarrier spectrum into 15 sets of 47 adjacent subcarriers, with each subcarrier group corresponding to one physical channel) and then average the interference power within each of these 15 sets.

Figure 1 illustrates the reliability weighting process for the LLR values.  Note that certain stages of the receiver chain (e.g. FFT, inverse rate matching, bit deinterleaving, etc) have been omitted from the diagram for simplicity.  After the received subcarrier data has been obtained, the physical channel demapping takes place, followed by QAM demapping to obtain bit metric values for turbo decoding.  In parallel, the average interference power for each physical channel within each OFDM symbol is obtained.  In real-life this information could be estimated from the received signal (as indicated by the dashed line in Figure 1), although in simulations the average of the known interference PSD values was used.  These interference approximations are assigned to each data subcarrier and then passed through the same physical channel demapping as for the signal data to ensure that the correct reliability weightings are applied to each bit metric in order to generate the LLR values for turbo decoding.
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Figure 1:  Use of approximate interference power estimates to weight the LLR values based on their relative reliabilities prior to turbo decoding
2.4 Sample Interference PSDs

Figure 2 and Figure 3 contain examples of the observed interference power spectral densities for one of the OFDM symbols within a TTI when 10 and 15 physical channels, respectively, are used for data transmission in the interfering sectors.  Note that these PSDs were constructed by summing the observed interference powers from all of the interfering sectors as described in Section ‎2.2.  The dots represent the actual interference power for each of the OFDM subcarriers across the frequency spectrum.  The vertical lines divide the OFDM spectrum into 15 adjacent groups of subcarriers representing the physical channels that would be used for data transmission in the target sector.  The horizontal lines within each physical channel grouping represent the average interference power for that particular set of subcarriers.  These average interference powers would be used as interference approximations in the LLR reliability scheme described in Section ‎2.3.
As can be seen from these interference profiles, the average interference power over a physical channel subcarrier block is a better approximation in some situations than in others.  Generally, the approximation is better the more heavily loaded the interferer sectors are.  This is due to the fact that the scattered pilots from the interferers (especially the strongest interferers) are more pronounced in the subcarrier blocks corresponding to physical channels where the interferers are not transmitting data.
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Figure 2:  Sample interference power spectral density with 10 physical channels being used by the interferers
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Figure 3:  Sample interference power spectral density with 15 physical channels being used by the interferers
3 Simulation Results

The simulation results in this section are intended to demonstrate the applicability of the EESM approach and the β parameter values in certain situations, rather than actually estimating values for β (since this has already been done).  Consequently, a smaller number of sample link modes were evaluated for validation purposes, and fewer validation points were required to demonstrate the EESM applicability in specific situations.  The same β parameter values as contained in ‎[1] (and as listed in Table 1 for the sample link modes evaluated here) were used to perform the EESM mappings of the validation points presented here.
	Modulation
	Code Rate
	β


	QPSK
	1/2
	1.57

	QPSK
	4/5
	1.65

	16QAM
	1/2
	4.56

	16QAM
	3/4
	7.33


Table 1:  β parameter values used for the EESM mappings for the sample link modes
In all cases, the target sector is assumed to be fully loaded (i.e. all 15 physical channels are used for actual data transmission).
3.1 Exact Interference Known – Fully Loaded Interferers
Figure 4 and Figure 5 show sample mapped validation points for the sample QPSK and 16QAM link modes when the interferers are fully loaded (using all 15 physical channels).  In these two graphs, the exact interference power is assumed to be known at the receiver for the LLR reliability weighting.  As would be expected, there is excellent agreement between the mapped points and the AWGN BLER curves.
[image: image5.png]Uaant

10 T T
;
7y
PRIl
U107 -
f
y
1 :
]
—— AWGN
+ PedA
O PedB
A Veh A
107 T i L i L B
-3 -2 -1 0 1 2

Effective SIR (d

B





Figure 4:  QPSK modulation with code rates 1/2 and 4/5.  Interferer cells use 15 physical channels.  Exact interference power is assumed known at the receiver.
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Figure 5:  16QAM modulation with code rates 1/2 and 3/4.  Interferer cells use 15 physical channels.  Exact interference power is assumed known at the receiver.
3.2 Approximate Interference Known – Fully Loaded Interferers

Figure 6 and Figure 7 contain sample mapped validation points for the QPSK and 16QAM link modes when the interferers are fully loaded (using 15 physical channels).  In this situation, however, only the interference approximations (i.e. one average interference value for the subcarrier block corresponding to one physical channel within one OFDM symbol) are assumed to be known.  As can be seen, there is still a quite good match between the validation points and the AWGN BLER curves, even though approximated interference values were used during the LLR reliability weighting.  Consequently, it appears as though the EESM approach can be realistically applied
 in OFDM system-level scenarios where coloured multi-celled interference is present from fully loaded interferers.
[image: image7.png]Uaant

oY

TR

B

10
L
4107 -
=
— AWGN
+ PedA
O PedB
A VehA
0% T
-3 -2

1

2

Effective SIR (dB

)





Figure 6:  QPSK modulation with code rates 1/2 and 4/5.  Interferer cells use 15 physical channels.  Approximate interference power is assumed known at the receiver.
[image: image8.png]1oaAM

10 .
=] m]
+
S
¥
b
]
B
0 D 4
= N :
2
B
2]
o
k.
N A
e
— AWGN
+ PedA
O PedB
A VehA
07 T ol | | i
2 3 7

Effective SIR (dB)

10

1

12




Figure 7:  16QAM modulation with code rates 1/2 and 3/4.  Interferer cells use 15 physical channels.  Approximate interference power is assumed known at the receiver.
3.3 Approximate Interference Known – Partially Loaded Interferers

Figure 8 and Figure 9 show mapped validation points for the QPSK and 16QAM link modes when the interferers are partially loaded (10 physical channels in use) and when only the approximate interference is known at the receiver.  In this case, the agreement is not as good as for fully loaded interferers (see Section ‎3.2) (a bit more noticeably for the lower code rates), but there is still reasonable agreement and the use of the EESM approach to evaluate OFDM scenarios with a medium level of multi-cell interference loading could be justified.
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Figure 8:  QPSK modulation with code rates 1/2 and 4/5.  Interferer cells use 10 physical channels.  Approximate interference power is assumed known at the receiver.
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Figure 9:  16QAM modulation with code rates 1/2 and 3/4.  Interferer cells use 10 physical channels.  Approximate interference power is assumed known at the receiver.
4 Conclusions
Based on the sample validation results presented here, it appears as though the EESM method of modelling OFDM link-level performance within system-level simulations is definitely applicable in realistic system implementations when the interferer sectors are assumed to be fully loaded.  When the interferers are partially loaded at a medium level (e.g. using 10 out of 15 physical channels), the EESM approach may become a bit less accurate, but still appears to be useful for evaluation purposes.
It should also be noted that the results and conclusions of this contribution are consistent with those presented in ‎[4].
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� By referring to a realistic implementation here, it is meant that the interference powers can be realistically estimated in an approximate sense (i.e. over a subcarrier block), but could not be realistically estimated on a subcarrier-by-subcarrier basis.





3GPP TSG RAN WG1 #37


Montreal, Quebec, Canada, May 10-14, 2004




Page 1

_1145177306.unknown

_1145270006.doc








Received Signal











Physical Channel Demapping











QAM Demapping











LLR Values for Turbo Decoding











Interference Power Averaged Over Each Physical Channel











Physical Channel Demapping







÷




















