2003-03-06 IEEE C802.16e-03/14r0
Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>
Title System level performance - simulation results for C802.16e-03/12 OFDM FFT-256 mode
Date 2003-03-06
Submitted
Marianna Goldhammer Voice: +972 3 645 6241
Source(s) ) .
marianna.goldhammer@alvarion.com
Yaron Alpert Voice: +972 3 766 1616
yaron.alpert@alvarion.com
Naftali Chayat Voice: +972 3 645 7801
naftali.chayat@alvarion.com
All with ALVARION
21a HaBarzel Street, Tel Aviv, Israel
Re: Call for contributions IEEE 802.16e-03/02: Call for Proposals on IEEE Project 802.16e: Mobility
Enhancements to IEEE Standard 802.16/802.16a
Abstract Simulations for cell size, capacity in cellular deployment, etc.
Purpose To emphasize the differences between FWA and mobile systems
. This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on the
Notice contributing individual(s) or organization(s). The material in this document is subject to change in form and content
after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.
The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and
Release any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE
Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to
permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also
acknowledges and accepts that this contribution may be made public by IEEE 802.16.
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures
Patent . . . . . o
Policy and <http://ieee802.0rg/16/ipr/patents/policy.html>, including the statement "IEEE standards may
Procedures include the known use of patent(s), including patent applications, provided the IEEE receives

assurance from the patent holder or applicant with respect to patents essential for compliance with
both mandatory and optional portions of the standard.” Early disclosure to the Working Group of
patent information that might be relevant to the standard is essential to reduce the possibility for
delays in the development process and increase the likelihood that the draft publication will be
approved for publication. Please notify the Chair <mailto:chair@wirelessman.org> as early as



http://ieee802.org/16
mailto:marianna.goldhammer@alvarion.com
mailto:yaron.alpert@alvarion.com
mailto:Naftali.chayat@alvarion.com

2003-03-06 IEEE C802.16e-03/14r0

possible, in written or electronic form, if patented technology (or technology under patent
application) might be incorporated into a draft standard being developed within the IEEE 802.16
Working Group. The Chair will disclose this notification via the IEEE 802.16 web site

<http://ieee802.0rg/16/ipr/patents/notices>.




2003-03-06 IEEE C802.16e-03/14r0

System level performance - simulations results for C802.16e-03 12
OFDM FFT-256 mode

Marianna Goldhammer, Yaron Alpert, Naftali Chayat

Alvarion

1. Introduction

This paper presents simulation results, for system related proposal evaluation criteria [1]. These simulations
address:

Cell sizes

Coverage and efficiency in cellular deployment

Solution for up-link interference reduction

Solution for down-link interference reduction

Impact of introduction of the mobile service on fixed subscribers.

2. Cell Sizes

2.1. Pedestrian radio environment

The cell size has been calculated according to assumptions mentioned by PES8.
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5MHz UL UL UL DL
System/direction Pedestrian Pedestrian Pedestrian Pedestrian
Frequency (MHz) 2600 2600 2600 2600
BS height (m) 15 15 15 15
SU height (m) 15 15 15 15
Wall penetration (dB) 0 0 0 0
Sub-channel number 24.0 12.0 6.0 1.0
OFDMA gain 13.8 10.8 7.8 0.0
Tx power [dBm] 17 17 17 36
Tx antenna cable loss [dB]

Tx Antenna Gain [dB] 0 0 0 17
Rx antenna gain [dB] 17 17 17 0
Rx antenna cable loss [dB]

Rx Noise figure [dB] 4 4 4 4
Rx noise Bandwidth [MHz] 5 5 5 5
Rx noise power [dBm] -103.0 -103.0 -103.0 -103.0
SNR at max rate 24.4 24.4 24.4 24.4
Sensitivity at max rate -78.6 -78.6 -78.6 -78.6
SNR at med rate (16QAM 3/4) 18.2 18.2 18.2 18.2
Sensitivity at med rate -84.8 -84.8 -84.8 -84.8
SNR at min rate(QPSK 1/2) 9.4 9.4 9.4 9.4
Sensitivity at min rate -93.6 -93.6 -93.6 -93.6
System gain at max rate 126.4 123.4 120.4 131.6
System gain at med rate 132.6 129.6 126.6 137.8
System gain at min rate 141.4 138.4 135.4 146.6
Supplementary Fade Margin (antenn| 13.0 13.0 13.0 13.0
Range[Km)]

Stanford, sub-urban terrain B (hilly intermediate)

NLOS Range[Km] @max rate 0.61 0.51 0.43 0.83
NLOS Range[Km] @med rate 0.88 0.74 0.62 1.19
NLOS Range[Km] @min rate 1.48 1.24 1.04 2.01

The maximum cell size is obtained for the minimum rate. The cell size is limited by the up-link, and a high UL
sub-channel number is critical for obtaining maximum cell sizes.

2.2. Outdoor to indoor radio environment

The cell size has been calculated according to assumptions mentioned by PES.
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5MHz UL UL UL DL
System/direction Outdoor-to Outdoor-to Outdoor-to-indoor
Frequency (MHz) 2600 2600 2600 2600
BS height (m) 15 15 15 15
SU height (m) 15 15 15 15
Wall penetration (dB) 20 20 20 20
Sub-channel number 24.0 12.0 6.0 1.0
OFDMA gain 13.8 10.8 7.8 0.0
Tx power [dBm] 20 20 20 36
Tx antenna cable loss [dB]

Tx Antenna Gain [dB] 0 0 0 17
Rx antenna gain [dB] 17 17 17 0
Rx antenna cable loss [dB]

Rx Noise figure [dB] 4 4 4 4
Rx noise Bandwidth [MHz] 5 5 5 5
Rx noise power [dBm] -103.0 -103.0 -103.0 -103.0
SNR at max rate 24.4 24.4 24.4 24.4
Sensitivity at max rate -78.6 -78.6 -78.6 -78.6
SNR at med rate (16QAM 3/4) 18.2 18.2 18.2 18.2
Sensitivity at med rate -84.8 -84.8 -84.8 -84.8
SNR at min rate(QPSK 1/2) 9.4 9.4 9.4 9.4
Sensitivity at min rate -93.6 -93.6 -93.6 -93.6
System gain at max rate 126.4 123.4 120.4 131.6
System gain at med rate 132.6 129.6 126.6 137.8
System gain at min rate 141.4 138.4 1354 146.6
Supplementary Fade Margin (antenn 24.0 24.0 24.0 24.0
Range[Km]

Stanford, sub-urban terrain B (hilly intermediate)

NLOS Range[Km] @max rate 0.32 0.27 0.22 0.43
NLOS Range[Km] @med rate 0.46 0.38 0.32 0.62
NLOS Range[Km] @min rate 0.77 0.65 0.54 1.05

The cell size is once again limited by the up-link. 24 sub-channels still give a up-link cell size lower than the
down-link cell size.

2.3. Vehicular, high antenna radio environment
The cell size has been calculated according to assumptions mentioned by PEO9.
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5MHz uL uL uL DL |
System/direction Vehicular Vehicular Vehicular Vehiculai
Frequency (MHz) 2600 2600 2600 2600
BS height (m) 30 30 30 30
SU height (m) 15 1.5 15 15
Wall penetration (dB) 15 15 15 15
Sub-channel number 24.0 12.0 6.0 1.0
OFDMA gain 13.8 10.8 7.8 0.0
Tx power [dBm] 27 27 27 46
Tx antenna cable loss [dB]

Tx Antenna Gain [dB] 3 3 3 17
Rx antenna gain [dB] 17 17 17 3
Rx antenna cable loss [dB]

Rx Noise figure [dB] 4 4 4 4
Rx noise Bandwidth [MHZz] 5 5 5 5
Rx noise power [dBm] -103.0 -103.0 -103.0 -103.0
SNR at max rate 24.4 24.4 24.4 24.4
Sensitivity at max rate -78.6 -78.6 -78.6 -78.6
SNR at med rate (16QAM 3/4) 18.2 18.2 18.2 18.2
Sensitivity at med rate -84.8 -84.8 -84.8 -84.8
SNR at min rate(QPSK 1/2) 9.4 9.4 9.4 9.4
Sensitivity at min rate -93.6 -93.6 -93.6 -93.6
System gain at max rate 139.4 136.4 1334 144.6
System gain at med rate 145.6 142.6 139.6 150.8
System gain at min rate 154.4 151.4 148.4 159.6
Supplementary Fade Margin (antenng 13.0 13.0 13.0 13.0
Range[Km]

Stanford, sub-urban terrain B (hilly intermediate)

NLOS Range[Km] @max rate 1.40 1.17 0.97 1.92
NLOS Range[Km] @med rate 2.04 1.70 1.42 2.80
NLOS Range[Km] @min rate 3.48 2.90 2.41 4.76

2.4. Cell radius — conclusions

The following table summarizes the cell radius conclusions, PE8 and PE9:

DL UL — 6 sub- UL-12 sub- UL — 24 sub-
channels channels channels
Pedestrian 2km 1km 1.2km 1.5km
Outdoor to indoor 1.05km 0.54km 0.65km 0.77km
Vehicular, high antenna 4.7Km 2.9km 2.4km 3.5km

)
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3. Single cell deployment scenario

The next simulation shows the coverage percentage for different modulation states, according to PE 17.

3.1. Down-link, 4km

The down-link coverage percentage is shown in the next figure.
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3.2. Up-link, 4km
The up-link coverage depends on up-link OFDMA gain, as shown below:
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3.3. Single cell deployment — conclusions

IEEE C802.16e-03/14r0

The following table summarizes the performance in single cell deployment according to PE17.

DL UL-12 sub- UL - 24 sub-
channels channels
Average data rate 13.5Mb/s 7.2Mbls 9Mb/s
Average spectral efficiency 2.7 14 1.8

(bit/s/Hz/sector)

4. Multi-cell cell deployment scenario

The next simulation shows the coverage percentage for different modulation states, according to PE 18.

The deployment scenario (3 channels, 3 sectors) and frequency allocation is shown below:

4.1. Down-link, 4km
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4.2. Up-link, 4km

No UL OFDMA
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4.3. Multi cell deployment — conclusions
The following table summarizes the performance in single cell deployment according to PE18.
DL UL-12 sub- UL - 24 sub-
channels channels
Average data rate 7.7Mb/s 6.5Mb/s 6.9MDb/s
Average spectral efficiency 1.5 1.3 1.4
(bit/s/Hz/sector)
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5. Inter-cell interference reduction

5.1. Solution for up-link

The proposed solution, in response to PE11, is to split the up-link sub-channels into 2 orthogonal groups, and to
distribute the resulted 6 groups according to the following cellular deployment:

12 UL OFDMA sub-channels 24 UL OFDMA sub-channels
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5.2. Solution for down-link
Same channel splitting in two groups has been checked.
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5.3. Conclusion — inter-cell interference reduction

The interference effect is improved by bandwidth splitting; nevertheless the bit rate is divided by two, and the
improvement due to interference reduction is relatively small, compared with the rate reduction.

This makes the BW splitting solution not attractive.
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6. Impact of introduction of the mobile service on fixed subscribers

The mobile users will have generally omni-directional antennae, which create UL inter-cell interference.

This interference can affect the fixed users, if the mobile users will transmit in UL in the same time with fixed
users, by reducing their S(N+1) ratio and lowering their UL data rates. In order to eliminate this interference, the
Base Stations should synchronize their UL transmissions.
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