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1 Summary

First implementations of Multiple Input Multiple Output (MIMO) technology in conjunction with

Orthogonal Frequency Division Multiplexing (OFDM) in next-generation Wireless Local Area

Networks (WLAN) show a significant increase in performance and spectral efficiency in

comparison to previous WLAN systems.

MIMO-OFDM also presents an exciting solution for improving the air interface performance for

Wireless Metropolitan Area Networks (WMAN) that have been set up based on the international

standard Wireless Interoperability for Microwave Access (WiMAX) and for fourth-generation (4G)

mobile cellular wireless systems.

In January 2006 the US standard-setting body, IEEE, approved a proposal of the Enhanced

Wireless Consortium (EWC) IEEE working group as IEEE-802.11n Proposal Draft.

This proposal required for the first time that MIMO-OFDM technology shall be used in wireless

communications (in addition to numerous other innovations). In the first and second quarters of

2006 the first so-called pre-n WLAN products were already appearing on the market. The core of

these products are the highly integrated MIMO chipsets from Airgo Networks Inc. and Ralink

technology Corp. The IRT (www.irt.de) compared eight of these products with each other and with

a standard 802.11g product.

The first "draft-n" products have been available since the third quarter of 2006 after the

acceptance of a new IEEE 802.11n draft. The basic difference between pre-n and draft-n is in the

fact that only the latter can be updated to the IEEE 802.11n standard (presumably ratified not until

mid-2009) by means of firmware and driver updates alone, without having to tamper with the

hardware.

Moreover, draft-n works towards raising transmission capacity by further increasing the number of

sending and receiving antennas and towards establishing cross-manufacturer methods for

securing minimum quality of service (QoS). Draft-n-compatible chipsets are offered by the

companies Broadcom Corp., Atheros Communications Inc., Marvell Technology Group Ltd. and

MIPS Technologies Inc. The IRT has conducted and is conducting performance measurements on

the latest draft-n 2.0 products available on the market (see Report Part II

http://www.irt.de/en/themengebiete/digitale-netze/mimo-ofdm.html and [13]).
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2 Comparative Measurements at IRT

The Institut für Rundfunktechnik (IRT) has conducted and is conducting performance

measurements on the latest pre-n and draft-n products available on the market (see also

www.tomsnetworking.de ). A real comparison of the new technologies with the existing 802.11g

standard can be made only if all measurements are performed at channel bandwidths of 20 MHz –

that is without channel bonding. Unfortunately, several implementations do not allow the restriction

of the sending spectrum to one WLAN channel. In selecting the sending location and the different

receiving locations, it was ensured that all site situations that occur in practice were mapped

against each other as far as possible. The measurements were performed in a two-dimensional

area, in other words on one floor of the building. For the duration of the measurement, all other

access points in the measurement range were switched off or converted to sending channels

whose spectral masks do not overlap in any way with the spectral masks of the measurement

channel.

Figure 1 shows the floor plan. The location of the MIMO router is shown in green. There are in

total seven locations and a measurement laptop with the corresponding MIMO PC card was

placed at each one. The separating walls of the individual rooms, as can be seen from the floor

plan, consist of brickwork about 15 centimetres thick and four fire protecting walls constructed out

of poured concrete 30 centimetres thick. The damping of these fire barriers thus corresponds to

the damping provided by conventional concrete ceilings or floors or two layers of thermal double

glazing.

Figure 1: The WLAN measurement environment at the IRT on the upper floor of building 17B, with
its concrete and brick walls and book shelves with glass doors, represents a good model of the real
conditions of European, and in particular German, construction.
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2.1 Measurement Layout

The MIMO-AP was placed at a height of about 1.8 meters at the spatial position that can be seen

in Figure 1. The measurement locations of the MIMO laptops were each at about one meter above

the floor. A measurement location was located in the sending room at a three-meter distance with

direct line of sight (LOS); all other six measurement locations were non-line-of-sight locations

(NLOS).

A view of the building plan shows that wave propagation in the 2.4 GHz range within the floor is

marked with manifold dispersions and reflections. Since the send signal reaches the recipient at

NLOS in the most varied and indirect ways, this automatically leads to phase displacements and

variable weakening of the individual signals. The overlapping of the individual signals at the

receiving location (Figure 2) leads to signal fall-offs that fluctuate over time and frequency

(multipath fading). However, these negative effects of multipath fading in SISO systems can be

turned to a positive by using space time coding or spatial multiplexing in MIMO OFDM systems.

Figure 2: Principle of multipath propagation
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Figure 3 shows the measurement equipment used. The measurement software "IxChariot from

IXIA was used. This software is designed for professional performance and QoS measurement

based on protocols such as TCP or UDP.

Figure 3: The measurement equipment for the MIMO measurements at IRT
consists of a Gigabit Ethernet switch, to which the WLAN access point to be
tested is connected, a laptop with the counterpart to be tested – the WLAN client card,
as well as another laptop on which the measurement software is running.
[Independently of this system, a third laptop with WLANadapter monitors the WLAN spectrum.]

Channel 13 was selected for the measurement. However, for purposes of comparison each

product was randomly tested again on channel 6. There were no noteworthy changes in the

results. The MIMO PC card to be measured was inserted into a Siemens/Fujitsu Lifebook (model

S7010D S-Series Centrino). Random measurements were repeated and compared here as well,

using a Samsung X10 laptop. The results of the measurement were not dependent on the laptop

used here either. Windows XP Professional with current patches was used as the operating

system in all PCs.
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The driver and utility software for each individual MIMO PC card was installed on the respective

measurement laptop from the accompanying software CD and deinstalled after completion of the

measurements. Prior to the draft-n measurements conducted in November/December 2006, the

then most current firmware for the MIMO-WLAN router and the most current driver and utilities for

the MIMO client cards were installed from the respective manufacturer websites. The individual

measurements with the first five pre-n products took place in the first quarter of 2006. The

products which were available at the end of the 2nd quarter, and the draft-n products which were

available in the 4th quarter of 2006, and the draft-n 2.0 products which were available during the

2nd quarter of 2007 are shown and discussed in detail in this Part II of the report. Finally a Part III

will be available on the IRT Web Server. This Part shows the newest most udated measurements

with Draft-n 2.0 products available on the market. All measurements are done according to the

strict defined and crucial testing conditions specified by IRT together with the tomsnetworking guys

from germany (www.tomsnetworking.de). Part II is available and Part III will be available from

October 2008 in an always updated version at the IRT web-server:

http://www.irt.de/en/themengebiete/digitale-netze/mimo-ofdm.html)

TCP performance measurements were conducted at all seven locations. The transmission

direction was "downstream", in accordance with the expected applications, that is, directed from

the access point to the client. Each individual measurement lasted three minutes and each one

was performed three times. Bar graphs show the average values from the three measurements in

each location (and this is an average of 9 minutes length of time which means IRT examined very

carefully). By using the newest version of the measurement software, IxChariot (V6.4), test

transmissions could be done on the pre-n, draft-n 1.0/2.0 products themselves especially using the

“High Performance Throughput” script which is provided by IxChariot. This script is perfectly suited

for doing comparative measurements of maximum TCP performance over certain kinds of

networks. With predefined scripts from IxChariot also IPTV streaming, MPEG2 video streaming

and VoIP measurements can be done and highlighted according to quality criteria such as delay

and jitter. Several SD- and HDTV streaming measurements were carried out as well at the IRT

using data rates reaching from 4Mbps up to 20Mbps per stream (these measurements and graphs

are not added to the report Part II but were carried out in a diploma thesis in 2007 at IRT).
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2.2 Pre-n Products

Table 1 and Table 2 show the Pre-n products tested by IRT.

Manufacturer
Model AP-
Router

Model Client-
Card

Chip-
Manufacturer

Concept of
Improvement

Netgear WPN 824
RangeMax

WPN 511
RangeMax

Atheros
Video54

ChannelBonding
Beamforming

Buffalo Airstation
WZR-G108

Airstation
WLI-CB-G108

Airgo Networks
Airgo AGN-103

Spatial
Multiplexing

Belkin F5D8230-4 F5D8010 Airgo Networks
Airgo AGN-103

Spatial
Multiplexing

D-Link DI-634M DWL-G650M
Atheros
AR5005VL
(Super-G)

ChannelBonding
Spatial
Multiplexing

Linksys WRT54GX
SRX400

WPC54GX
SRX400

Airgo Networks
Airgo AGN-103

Spatial
Multiplexing

Table 1: first test session of Pre-n-MIMO-products

Manufacturer
Model AP-
Router

Model Client-
Card

Chip-
Manufacturer

Concept of
Improvement

Edimax BR-6216Mg(G) EW-7608Pg
Ralink
RT2529
RT2661

Spatial
Multiplexing

Level One WBR-5400 WPC-0500
Ralink
RT2529
RT2661

Spatial
Multiplexing

SMC Barricade
SMCWBR14-
GM SMCWCB-GM

Ralink
RT2529
RT2661

Spatial
Multiplexing

Table 2: second test session of Pre-n-MIMO-products
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Standard-IEEE-802.11g-Referece: Funkwerk Artem W1000

Figure 4: the model Artem W1000 from Funkwerk AG - CPD-XT-g.

In order to compare performance of the new MIMO-products with a standard 802.11g product, the

TCP performance measurements were conducted at all seven depicted measurement locations,

applying the same criteria as in the later MIMO measurements. These reference results are shown

in Figure 5. For this purpose the access point, Artem W1000 from Funkwerk, which is equipped

with two antennas, came into operation.
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2.2.1 Belkin MIMO Pre-n

Figure 6: Belkin Wireless Pre-N RouterF5D8230-4 with Airgo-Chipsatz AG-103 and 3 antennas

The WLAN-Pre-n-Duo from Belkin, consisting of access point F5D8230-4 and pc card F5D8010,

shows no significant performance improvement for LOS and NLOS-close up range, in comparison

to the standard WLAN G reference product. However for reaching locations 2 through 6, which are

subject to high attenuation and fading, the employed MIMO technique from Airgo Networks shows

highly improved throughput rates due to multipath receiving (Figure 7). For location 5 the

measured TCP throughput stays constant above 10 Mbps. The structure of the Belkin access

point equals exactly the Pre-n-routers of Linksys, as shown in the Test of Tom's Networking Guide

Germany. [11]

Figure 7: Belkin-Acces-Point F5D8230-4 with True MIMO and Pre-n-Client-Card F5D8010 reaches higher
throughput at location 1 with NLOS than with LOS – an evidence for the operation mode spatial multiplexing.
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2.2.2 Linksys MIMO Pre-n

Figure 8: Linksys-Access-Point Linksys WRT54GX SRX – 3 antennas and built in Airgo-Chipsatz AN-103

For the Linksys Duo, consisting of access point Linksys WRT54GX SRX and client PC card

WPC54GX SRX, good performance results are measured even in the far field. For location 5

constant 15 Mbps can be obtained in comparison to zero connect ability for 802.11g, which is a

demonstrative prove of the functional capability of MIMO technique (Figure 9). These results are

also documented by the independently executed measurements from Tom’s Networking Guide

Germany. [13]

Figure 9: Pre-n-Duo from Linksys, composed of the Access-Point-Router WRT54GX SRX and
Client-PC-Card WPC54GX SRX reaches better throughput than Belkin’s Pre-n technique with
same chipset, Airgo-AG-103, especially at far distances.
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2.2.3 Buffalo MIMO Pre-n

Figure 10: MIMO Wireless Cable/DSL Router WZR-G108 from Buffalo AirStation
series is another pre-n-equipment comprising theTrue-MIMO-Chipset from Airgo Networks.

While the capability of the Buffalo pre-n-products in the close-up range turns out to be rather

moderate, the products demonstrate high throughput in reflection and multipath situations

(Figure 11).

Figure 11: Buffalo Airstation Router WZR-G108 combined with Airstation WLI-CB-G108 PC-Card pre-n
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2.2.4 D-Link MIMO Pre-n

The MIMO pair from D-Link (Figure 12) demonstrates very good results in the close up range.

Despite suffering from some performance dents in the mid range the overall picture of the D-Link

pair exhibits good throughput, also in the far field (Figure 13).

Figure 12: WLAN-Access-Point-Router DI-634M includes two external and
two internal sending and receiving antennas for MIMO-mode

Figure 13: D-Link employs the "Super-G"-Chipset AR5005VL“ from Atheros. With its pre-n access
devices like access point router DI-634M and (pc card?)DWL-G650M it outperforms the Airgo technique
even at LOS
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