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1 Introduction

This document is containing supplementary information for the OFDM/WCDMA performance evaluation presented in [3]. This document presents detailed system-level performance curves obtained from the link-level results contained in the other supplementary document (Supplement A). The analysis of the results provided herein can be found in [3].

Since the performance advantages of OFDM over WCDMA are more evident in multi-path dispersive channel models and these types of channels represent a more realistic implementation scenario, only the four dispersive channel models shown in Table 1 are considered here.  System-level results for single path flat-fading channels were presented previously in [4], [5], and [6] and are not considered in this document.

	Channel Model
	UE Velocity

	ITU Pedestrian A
	3 km/h

	ITU Pedestrian B
	3 km/h

	ITU Vehicular A
	120 km/h

	ITU Vehicular A
	30 km/h


Table 1:  Summary of dispersive channel model scenarios

2 Simulation Assumptions

All simulation assumptions for the performance results presented in this document are as detailed in [1] and [2].  Any specific exceptions, simplifications, and/or highlights are noted below.

All performance statistics are “per sector” results, representing the observed sector performance in a multi-sectored/multi-celled system.

Scheduling algorithms that have been evaluated for this contribution include round-robin scheduling and maximum throughput scheduling.  Results for the proportional fairness scheduler will be generated in the future.

Each simulation run lasted for 300 seconds of simulated time.  No warm-up time was included in order to reduce the overall required computation time, although this is not expected to significantly alter the observed results.  Future performance evaluations will include a warm-up period, especially for the proportional fairness scheduler where a throughput history is required for accurate evaluation.

3 System-Level Performance Metrics

The system-level performance statistics presented here were selected to provide representative performance measures of the OFDM and WCDMA technologies.  All of the system-level results contained in this contribution represent the aggregate and/or average statistics for one sector within a multi-sectored/multi-celled system.  Individual user performance is not included within this contribution, but will be investigated in the future to evaluate coverage and outage conditions.

The relevant performance statistics are briefly described below, and more details can be found in [1].

The average over-the-air throughput represents the achieved transmission throughput (the ratio of the amount of good data received at the UEs to the total time used for transmission).  Idle time periods when the base station is not transmitting are not included.

The average packet call throughput represents the end-to-end throughput seen by an individual user when performing a packet call (e.g. loading a web page or downloading an FTP file).  This includes the effects of TCP modelling and contention for shared transmission resources among different users.

The average residual block error rate represents the average TTI block error rate remaining after the maximum number of HARQ retransmissions has been made.  A maximum of three HARQ retransmissions (in addition to the original block transmission) were attempted for the results presented here.  Note that in a more detailed implementation, a Layer 2 RLP (Radio Link Protocol) retransmission scheme might also be included to further reduce the overall residual TTI block error rate.

The average packet delay represents the average delay incurred by a TCP/IP packet while waiting for transmission.  Both the queuing delay and transmission/retransmission delay are included in this value.

4 System-Level Performance Results

4.1 Full-Queue Performance Results

Figure 1 through Figure 8 show the system-level performance results for all four channel models when the full-queue traffic model is used as a traffic source.  The packet delay for full-queue traffic packets is fixed to zero (since the concept of queuing delay for packets in an infinitely long queue is of little value), so this performance metric has been omitted for the full-queue traffic model.  The average packet call throughput for the full-queue traffic model is a direct function of the average over-the-air throughput (here, the average packet call throughput is equal to the average over-the-air throughput divided by the number of users), so this performance metric has also been omitted here.
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Figure 1:  System-level performance results for full-queue traffic in Pedestrian A at 3 km/h with maximum throughput scheduling
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Figure 2:  System-level performance results for full-queue traffic in Pedestrian A at 3 km/h with round-robin scheduling
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Figure 3:  System-level performance results for full-queue traffic in Pedestrian B at 3 km/h with maximum throughput scheduling
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Figure 4:  System-level performance results for full-queue traffic in Pedestrian B at 3 km/h with round-robin scheduling
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Figure 5:  System-level performance results for full-queue traffic in Vehicular A at 120 km/h with maximum throughput scheduling
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Figure 6:  System-level performance results for full-queue traffic in Vehicular A at 120 km/h with round-robin scheduling
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Figure 7:  System-level performance results for full-queue traffic in Vehicular A at 30 km/h with maximum throughput scheduling
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Figure 8:  System-level performance results for full-queue traffic in Vehicular A at 30 km/h with round-robin scheduling

4.2 Simplified Bursty Performance Results

Figure 9 through Figure 16 show the system-level performance results for all four channel models when the simplified bursty traffic model is used as a traffic source.
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Figure 9:  System-level performance results for simplified bursty traffic in Pedestrian A at 3 km/h with maximum throughput scheduling
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Figure 10:  System-level performance results for simplified bursty traffic in Pedestrian A at 3 km/h with round-robin scheduling
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Figure 11:  System-level performance results for simplified bursty traffic in Pedestrian B at 3 km/h with maximum throughput scheduling
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Figure 12:  System-level performance results for simplified bursty traffic in Pedestrian B at 3 km/h with round-robin scheduling

[image: image33.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Over-the-Air Throughput

0

0.5

1

1.5

2

2.5

3

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

 [image: image34.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Packet Call Throughput

0

0.2

0.4

0.6

0.8

1

1.2

1.4

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Call Throughput (Mb/s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

 [image: image35.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Residual Block Error Rate

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

 [image: image36.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Packet Delay

0

2

4

6

8

10

12

14

16

18

20

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Delay (s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)


Figure 13:  System-level performance results for simplified bursty traffic in Vehicular A at 120 km/h with maximum throughput scheduling

[image: image37.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Over-the-Air Throughput

0

0.5

1

1.5

2

2.5

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM (RR) G-Rake (RR) Rake (RR)

 [image: image38.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Packet Call Throughput

0

0.2

0.4

0.6

0.8

1

1.2

1.4

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Call Throughput (Mb/s)

OFDM (RR) G-Rake (RR) Rake (RR)

 [image: image39.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Residual Block Error Rate

0

0.005

0.01

0.015

0.02

0.025

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM (RR) G-Rake (RR) Rake (RR)

 [image: image40.emf]Simplified Bursty Traffic -- Veh A @ 120 km/h -- Average Packet Delay

0

5

10

15

20

25

30

35

40

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Delay (s)

OFDM (RR) G-Rake (RR) Rake (RR)


Figure 14:  System-level performance results for simplified bursty traffic in Vehicular A at 120 km/h with round-robin scheduling
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Figure 15:  System-level performance results for simplified bursty traffic in Vehicular A at 30 km/h with maximum throughput scheduling
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Figure 16:  System-level performance results for simplified bursty traffic in Vehicular A at 30 km/h with round-robin scheduling

4.3 FTP Performance Results

Figure 17 through Figure 24 show the system-level performance results for all four channel models when the FTP traffic model is used as a traffic source.

[image: image49.emf]FTP Traffic -- Ped A @ 3 km/h -- Average Over-the-Air Throughput

0

1

2

3

4

5

6

7

8

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

[image: image50.emf]FTP Traffic -- Ped A @ 3 km/h -- Average Packet Call Throughput

0

0.5

1

1.5

2

2.5

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Call Throughput (Mb/s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

[image: image51.emf]FTP Traffic -- Ped A @ 3 km/h -- Average Residual Block Error Rate

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)

[image: image52.emf]FTP Traffic -- Ped A @ 3 km/h -- Average Packet Delay

0

2

4

6

8

10

12

14

16

18

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Delay (s)

OFDM (Max Thru) G-Rake (Max Thru) Rake (Max Thru)


Figure 17:  System-level performance results for FTP traffic in Pedestrian A at 3 km/h with maximum throughput scheduling
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Figure 18:  System-level performance results for FTP traffic in Pedestrian A at 3 km/h with round-robin scheduling
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Figure 19:  System-level performance results for FTP traffic in Pedestrian B at 3 km/h with maximum throughput scheduling
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Figure 20:  System-level performance results for FTP traffic in Pedestrian B at 3 km/h with round-robin scheduling
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Figure 21:  System-level performance results for FTP traffic in Vehicular A at 120 km/h with maximum throughput scheduling
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Figure 22:  System-level performance results for FTP traffic in Vehicular A at 120 km/h with round-robin scheduling
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Figure 23:  System-level performance results for FTP traffic in Vehicular A at 30 km/h with maximum throughput scheduling
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Figure 24:  System-level performance results for FTP traffic in Vehicular A at 30 km/h with round-robin scheduling

4.4 HTTP Performance Results

Figure 25 through Figure 32 show the system-level performance results for all four channel models when the HTTP traffic model is used as a traffic source.
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Figure 25:  System-level performance results for HTTP traffic in Pedestrian A at 3 km/h with maximum throughput scheduling
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Figure 26:  System-level performance results for HTTP traffic in Pedestrian A at 3 km/h with round-robin scheduling
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Figure 27:  System-level performance results for HTTP traffic in Pedestrian B at 3 km/h with maximum throughput scheduling
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Figure 28:  System-level performance results for HTTP traffic in Pedestrian B at 3 km/h with round-robin scheduling
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Figure 29:  System-level performance results for HTTP traffic in Vehicular A at 120 km/h with maximum throughput scheduling
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Figure 30:  System-level performance results for HTTP traffic in Vehicular A at 120 km/h with round-robin scheduling
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Figure 31:  System-level performance results for HTTP traffic in Vehicular A at 30 km/h with maximum throughput scheduling
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Figure 32:  System-level performance results for HTTP traffic in Vehicular A at 30 km/h with round-robin scheduling
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