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1. Introduction

For the new OFDM DL interface currently under discussion in the RAN LTE activity, the need for additional schemes coping with inter-cell interference arises. Recent discussions in RAN1 at the Beijing and Athens meetings have shown that interference co-ordination concepts as presented in /1/ and /2/ are important topics for the EUTRA air interface. This contribution furthers the analysis of the interference co-ordination concept by the provision of detailed simulation results. 

2. Interference Co-ordination in Downlink

Figure 1 from /2/ illustrates the interference co-ordination concept. The overall frequency resource is subdivided into frequency patterns. In every cell a dedicated pattern is used with a power restriction. This pattern is assigned by neighbouring cells to mobile terminals approaching this cell. In Figure 1 an example of a mobile terminal moving from (sectorised) cell 
[image: image1.wmf]6

 to cell 
[image: image2.wmf]1

 is illustrated. 
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Figure 1: Sectorized cell pattern and subset Fn allocation to terminals in border region. For simplicity the cell 
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 is denoted just 
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3. Simulation Assumptions

Table 1 lists the basic parameters for the OFDM system that was simulated. It corresponds to set 2 of the study item as described in /3/. 

Parameters
Set 2

TTI duration (ms)
2

FFT size (points)
1024

OFDM sampling rate (MHz)
6.528

Guard time interval (cyclic prefix) (samples/μs)
64 / 9.803

Subcarrier separation (kHz)
6.375

# of OFDM symbols per TTI 
12

total OFDM symbol duration (μs)
166.67

# of useful subcarriers per OFDM symbol 
705

OFDM bandwidth (MHz)
4.495

Table 1: OFDM simulation parameters

The simulation uses a pool of 16 frequency patterns provided by the co-ordination scheme in the serving cell. Two of these patterns are assigned to the mobile terminal of interest. Basically, 1/8 of the overall base station power is assigned to these patterns, the remaining power is assigned to the other users. However, this basic configuration alone is not sufficient for analysis at the cell edge. Therefore a set of scenarios has been derived. In these scenarios the total power is more and more concentrated in the patterns of the signal of interest, whereas the remaining patterns receive less power. To allow for a fair comparison, the simulated throughput is corrected accordingly. 

It is assumed that the interfering cells always operate at full load, whereas the signal of the serving cell depends on the selected scenario as outlined below. 

The power of the considered frequency patterns in the main interfering cell is attenuated by factors of –5, and -10dB except for scenario A, where no attenuation is applied. 

The frequency patterns considered are always patterns 1 and 2. 

The utilisation of the scenarios as outlined above has important consequences for the interpretation of the throughput curves. Whereas the throughput situation is correctly reflected in the area of the cell border, this is not true when moving towards the inner region of the cell. All scenarios except B_1 massively underestimate the throughput obtainable when moving towards the inner region. 

Figure 2 depicts a summary of the scenarios as outlined with more detail below. 

[image: image6.wmf]1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Freq

.

Pattern

Rel

. Power / 

dB

0

3

6

9

A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Freq

.

Pattern

Rel

. Power / 

dB

0

3

6

9

B1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Freq

.

Pattern

Rel

. Power / 

dB

0

3

6

9

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Freq

.

Pattern

Rel

. Power / 

dB

0

3

6

9

B3

B2


Figure 2: Power distribution over the frequency patterns for the different scenarios
Scenario A:

In this scenario all power of the serving base station is concentrated in patterns 1 and 2, which constitute 1/8 of the total frequency resources. The other patterns are left without power. This is to ensure some throughput at the cell border at all. To obtain a fair comparison with the following scenarios, the resulting throughput is divided by 8. For the inner region of a cell, this power allocation is obviously not beneficial. The interfering base station has no power reduction. Hence this scenario is appropriate as referring to the standard OFDM system without any interference co-ordination in comparison to OFDM with interference co-ordination. 

Scenario B_1:

This scenario corresponds to a full load situation with no power adaptation and hence no throughput correction. All 16 frequency patterns have equal power. Frequency patterns 1 and 2 are considered. 

Scenario B_2:

In this scenario only every second frequency pattern is used, i.e., the total power is equally distributed to 8 frequency patterns. Thus, each used frequency pattern has 3dB more power than in B_1. No throughput correction is necessary. Frequency patterns 1 and 2 are considered. 

Scenario B_3:

In this scenario the 16 frequency patterns are subdivided into 8 pairs. 4 of these pairs receive the total energy which corresponds to a 3dB increase on each pattern. Hence a throughput correction of factor ½ is needed. Frequency patterns 1 and 2 are considered. 
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Figure 3: Geometrical Structure of the cells defining the “walk” experiment
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Figure 4: SIR curves with and without main interferer

The overall simulation may be characterised as follows. The simulation is targeted at physical layer entities. No scheduling and no HARQ functionality is provided. No link adaptation is conducted during the course of a simulation run. The simulation has no mobile terminals moving around but analyses the situation at a definite point of the walking line in one simulation run. One mobile terminal is considered. 

4. Cellular Configuration

Figure 3 describes the cellular configuration as used in the simulation. The basic topology is a cell sector surrounded by all of its immediate neighbours (cell sectors carrying a number in Figure 3). 

In this topology as outlined above, the concept of a “walk” is introduced. All analysis and simulations described in this document are based on this “walk” through the cell topology. The walk line corresponds to a parameter 
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 with 
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Figure 4 analyses the signal to interference situation for the cell topology on the walk line. The red curve denotes the situation without any interference co-ordination, whereas the blue curve indicates a scenario that completely removes the main interferer. Hence, the blue curve denotes the potential of improvement by power reduction of the main interferer. It is interesting to note that the SIR = 0 point of the red curve at 
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 is not on the geometrical cell boundary (
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=
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). This is due to the non-symmetrical antenna patterns and the presence of the other interferers. 

If the functions of serving cell and main interfering cell are exchanged, the black and green curves corresponding to the red and blue curves in forward direction can be derived for the backward direction. The point of intersection between the red and black curve marks the actual cell border in case of no interference co-ordination, the intersection between the blue and green curve the actual cell border in case of interference co-ordination. The latter one corresponds to 
[image: image14.wmf]15

.

0

-

=

a

 and marks the handover point. It is used as actual cell boundary throughout the remainder of the document. 

It has to be emphasised that the SIR functions depicted here are only a function of the used antenna pattern and the cell geometry and have no relationship to the used modulation and coding scheme. Therefore this figure establishes a framework for all concepts trying to cope with inter-cell interference. 

5. Simulation Results

5.1. QPSK and 1/3 code rate

Figure 5 depicts the throughput as a function of the walk line with modulation QPSK and code rate 1/3 for serving cell 6 as well as 1. Figure 6 zooms in on Figure 5 in the area of the cell border. 

As already outlined in the assumptions section, it has to be emphasised that the throughput values obtained towards the inner cell region are significantly too low due to the reasons listed below. 

· Scenarios implement power allocation schemes no longer needed and not beneficial as soon as leaving the boundary area

· No link adaptation

· Gain through better modulation and coding schemes discounted

The power schemes featured by some scenarios are only valid (and necessary) at the cell border. The gain obtainable by receding from the border region is not realised in the simulation. Moreover, since no link adaptation is implemented, further gain obtainable through the adaptation of the modulation and coding scheme e.g. by moving to 16QAM is not realised in the inner cell region. 

The general characteristic of the curves indicates the gradually worsening of the interference towards the cell boundary. The cross-over points between curves of equal colour mark the ideal handover points for a given scenario. The scenario with the best throughput at cross-over determines the actual cell border. In this case, it is scenario B_1. It is important to note, that scenario B1 features no power constraints thereby adding additional weight to this result. 

Comparing the throughput at the cross-over point for the (red) B_1 curves to the throughput of the better (magenta) A curve, an improvement by a factor of 2.8 can be identified. 
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Figure 5: Throughput against the “walk” for QPSK and code rate 1/3 for various scenarios
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Figure 6: Throughput against “walk” for QPSK and code rate 1/3 for various scenarios: Zoom
5.2. QPSK and ½ code rate

Figure 7 depicts the throughput as a function of the walk line with modulation QPSK and code rate ½ for serving cell 6 as well as 1. Figure 8 zooms in on Figure 7 in the area of the cell border. 

As already outlined in the assumptions section, it has to be emphasised that the throughput values obtained towards the inner cell region are significantly too low due to the reasons as listed below. 

· Scenarios implement power allocation schemes no longer needed and not beneficial as soon as leaving the boundary area

· No link adaptation

· Gain through better modulation and coding schemes discounted

The power schemes featured by some scenarios are only valid (and necessary) at the cell border. The gain obtainable by receding from the border region is not realised in the simulation. Moreover, since no link adaptation is implemented, further gain obtainable through the adaptation of the modulation and coding scheme e.g. by moving to 16QAM is not realised in the inner cell region. 

The general characteristics of the curves are comparable to the code rate 1/3. However, the higher code rate is reflected in general lower throughput characteristics in the boundary region. 

In this case the cell border is marked by scenario B_3.

Comparing the throughput at the cross-over point for the (green) B1 curves to the throughput of the better (magenta) A curve, an improvement by a factor of 1.7 can be identified. 

5.3. Envelope Throughput

Figure 9 depicts the envelope throughput. Taking the best throughput curve from the overall set of modulation and coding schemes (QPSK and 16QAM for 1/3, ½ and 2/3 code rate) simulated establishes the envelope curve. 

As already outlined in the assumptions section, it has to be emphasised that the throughput values obtained towards the inner cell region are significantly too low due to the reasons as listed below. 

· Scenarios implement power allocation schemes no longer needed and not beneficial as soon as leaving the boundary area

· No link adaptation

· Gain through better modulation and coding schemes discounted

The power schemes featured by some scenarios are only valid (and necessary) at the cell border. The gain obtainable by receding from the border region is not realised in the simulation. The characteristic of the envelope curves in the border region is comparable to the QPSK curves of the preceding sections. 

At the cell boundary the envelope performance is obviously determined by the case QPSK with coding rate of 1/3. A gain of 2.8 compared against the case without any interference co-ordination can be identified. 

6. Summary and Conclusions

Simulation results for interference co-ordination in DL have been presented. A significant performance improvement of the co-ordinated system compared to the standard OFDM DL system has been identified. Further gains are expected when introducing dynamic co-ordination schemes, interference cancellation schemes, and MIMO techniques. 

The proposed interference co-ordination scheme has proved its capability for mitigating the effects of inter-cell interference. Interference co-ordination is a crucial building block of the new OFDM DL air interface. 
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Figure 7: Throughput against the walk for QPSK and code rate 1/2 for various scenarios
[image: image18.wmf]-0.2

-0.18

-0.16

-0.14

-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

0

0

0.05

0.1

Relative position of UE (walkline)

Throughput in Mbit/s

Throughput as a function of the walkline for QPSK code rate 1/2

B1 (-15dB)

B2 (-15dB)

B3 (-15dB)

A  (  0dB)


Figure 8: Throughput against the walk for QPSK and code rate 1/2 for various scenarios: Zoom
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Figure 9: Envelope Throughput for all considered modulation and coding schemes
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