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Evaluating Wireless Broadband 
Gateways for Deployment by 
Service Provider Customers
OVERVIEW

A leading provider of voice, video, and data services to the residential and businesses 

communities designed its broadband network around the latest advances in network 

technology. For Wi-Fi, this meant the ability to deliver speed and efficiency, and 

maintain high-quality performance over distance.

Broadband service providers are constantly seeking ways to improve their average 

revenue per user (ARPU) by offering value-added services and multimedia applications 

on top of traditional voice and data services. Among other things, these services 

demand high quality and performance from the equipment deployed by the service 

provider.

Offering service in more than a dozen western U.S. states, the provider featured in this 

case study responded to demand from its customer base to extend broadband access 

wirelessly across the homes and businesses served. To guarantee superior customer 

satisfaction, the provider decided to qualify wireless broadband gateways or base 

stations (WBS) from two different vendors using Ixia’s IxVeriWave Wi-Fi test systems 

to subject the equipment to the actual network conditions it would encounter in live 

end-user environments. 

Testing not only helped the provider assess the quality of two competing solutions, but 

also provided a clear picture of how each compared to enterprise-class wireless access 

points (APs).

Company
A leading wireless services 
provider to residential, 
business, and government 
agency users. 

Key Issues
Requirements included:
• Comparing performance 

of two broadband 
gateway solutions

• Assessing application 
performance under real-
world conditions with 
reproducible results

• Automation to optimize 
evaluation of future 
firmware releases

Results
Emulation of real-world 
conditions and precise 
measurement of application 
performance revealed that 
considerable effort was 
required to raise the quality 
of experience delivered 
using both broadband 
gateway options. 

CASE STUDY
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THE CHALLENGE

The provider had several goals in evaluating wireless broadband gateway performance:

• Determining the ability of each WBS to deliver superior quality of experience 

(QoE) for users in a home networking environment 

• Assessing the impact of subsequent software releases with minimal manual 

intervention

• Increasing the quality of the deployed solution, making it as good as or better than 

leading WLAN access points

• Understanding the latency, packet loss, and throughput characteristics of each 

WBS for various traffic conditions 

• Ensuring customer satisfaction and superior end-user experience, thus reducing 

support costs 

The provider decided to conduct testing of throughput, packet loss, and latency to 

baseline the performance of its WBS options. And more importantly, they wished to 

observe results for various combinations of test parameters to create real-world tests 

that were repeatable, automated, and able to run in controlled RF environments. 

The only viable means of conducting the testing described above was using 

IxVeriWave traffic generator/analyzers. 

THE SOLUTION

The service provider used Ixia’s WaveTest Wi-Fi Traffic Generator/Analyzer test system 

to verify the performance of its WBS devices in a multi-client environment at the 

WLAN IP transport and application layers. The IxVeriWave system delivered numerous 

benefits:

• Verification of application performance with emphasis on voice and video quality 

and its impact on end-user QoE

• Allowing tests to be conducted in different scenarios to assess the access network 

at realistic scale

• Providing high-level, easy to understand results and graphs along with detailed csv 

files containing per-flow statistics

• Reducing test cycle times from 4-6 weeks to about 1-2 weeks while minimizing the 

necessary manual intervention of the testers

The provider observed 
results for various 
combinations of 
parameters to create 
real-world tests that 
were repeatable, 
automated, and able 
to run in controlled RF 
environments. 
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The WiMix Enterprise 
Test determines 
application-layer 
performance, indicating 
the gateway’s ability 
to handle voice, video, 
and data traffic under 
different deployment 
conditions. 

To achieve its diverse goals, the provider employed the following tests:

1. Packet Throughput Test: Measures the maximum forwarding rate of a WBS or 

access point when zero packet loss is observed.

2. Packet Latency Test measuring the delay in traffic imposed by the WBS; used to 

determine the key performance metrics for voice, video, and delay-sensitive data 

traffic.

3. WiMix Enterprise Test determining application layer performance indicating 

the gateway’s ability to handle voice, video, and data traffic under different 

deployment conditions. This test was run with ten independent clients and a 

typical small-office deployment profile.

4. TCP Goodput Test: Creates high- bandwidth TCP traffic of specific MSS sizes from 

various independent clients utilizing the WBS or access point to determine the 

maximum forwarding rate for stateful transport layer data.

The Packet Throughput and Packet Latency tests were run using seven different frame 

sizes: 

• 88 bytes

• 128 bytes

• 256 bytes

• 512 bytes

• 1280 bytes

• 1518 bytes

Three traffic directions were also employed: Upstream, Downstream, and Bidirectional.

TEST BED TOPOLOGY

• WaveTest 90 Traffic Generator / Analyzer with Wi-Fi and Ethernet traffic 

generation and analysis modules

• Access point isolation chamber with internal antenna and external SMA connector

• RF chamber connected to Wi-Fi WaveBlade using SMA cable

• Ethernet WaveBlade and WBS Ethernet interfaces connected to Cisco 10/100 

Mbps switch 

• RF chamber connected to Wi-Fi WaveBlade using SMA cable

• Management plane separate from test plane 
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TEST RESULTS

Packet Throughput Test Results

The packet throughput test results for both WBS products deployed by provider were 

expected to deliver very high-performance numbers for all frame sizes. Figures 2 and 

3 show the results for vendors A and B respectively.  Although not more than 1.5 Mbps 

below the maximum theoretical throughput possible at 1518 bytes frame size, results 

clearly indicated there was sufficient room for improvement in the ability of both 

devices to deliver the best possible customer experience. 

The theoretical throughput of the system, as limited by the physical media, is also 

indicated on the above graph. The System Under Test (SUT) throughput should ideally 

be as close as possible to the indicated theoretical throughput values.
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Packet Latency Test Results

Figure 4 shows the results for Vendor A. While there were no significant delays for 

any of the frame sizes, it was observed that the delay was close to 20ms for 256 byte 

packets. In practice it was expected that packet latencies would be below 20ms in 

WLAN networks in order to maintain high performance for delay-sensitive voice and 

video applications. Given that enterprise-class APs were able to support latencies that 

were consistently less than 5 ms, there again was room for improvement in the QoE 

achieved using the WBS. 

The graph summarizes the measured minimum, maximum, and average latency 

performance of the SUT at the specified frame sizes, accumulated over all trials. Lower 

values indicate better performance. Also, a smaller difference between maximum 

and minimum latency indicates a better-performing SUT datapath. Normal values for 

latency range from 1 to 100 microseconds. Values in excess of 20 milliseconds are a 

cause for concern, as they can pose problems for VoIP traffic. 
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WiMix Enterprise Test Results 

To determine the performance of the WBS under real-world deployment conditions, 

the provider chose to run the WiMix test. The Enterprise deployment scenario was 

chosen in order to verify that the WBS would perform satisfactorily under a variety 

of application traffic combinations and loads. This was also intended to indicate the 

amount of headroom these devices had in terms of capacity to accommodate future 

value-added services in residential deployments. 

The WiMix Enterprise tests were run with 10 clients and involved a wide range of 

application traffic including FTP, MPEG2, HTTP, VoIP calls, UDP, and RTP. Each of these 

traffic types was associated with a default Service Level Agreement (SLA). 

For example, voice calls were set to meet an SLA of R-Value = 78 which is equivalent 

to a MOS score of 4; video was set to Delay Factor: 150 and Media Loss Ratio:10; HTTP 

and FTP Goodput were set at 50% of ILOAD (intended load).

Figures 5, 6, and 7 show WiMix test results for Vendor A. The results indicate that the 

WBS was unable to handle the 7 VoIP calls and 1 Mpeg2 video stream. The WBS also 

failed to adhere to the required performance for most of the application traffic. About 

50% of the VoIP calls, 100% of the video streams, 75% of HTTP flows, 50% of UDP 

flows, 79% of TCP flows, and none of the MPEG2 or FTP or RTP flows could maintain 

their required performance targets.

Only 51% of the intended traffic load was allowed by the WBS and it was only able 

to forward 32% of this traffic successfully, which indicated to the provider that 

considerable quality improvement was required to support services planned for 

deployment. 

Flow Type SLA Requirement % Flows that Met SLA

FTP Per load 0

MPEG2 DF: 150
MLR: 10

0

Http Per load: 50 25

VOIP G711 SLA mode: 0 
Value: 78

50

UDP Latency: 10000ms 
Jitter: 500 ms 
Packet loss: 10% 

50

TCP Per load: 50 21

RTP Latency: 10000ms 
Jitter: 500 ms 
Packet loss: 10% 

0

Figure 5:  WiMix Enterprise Test SLA - Vendor A Results

The enterprise 
deployment scenario 
was chosen to verify that 
the WBS would perform 
satisfactorily under a 
variety of application 
traffic combinations and 
loads. 
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Flow 

Type

No. 

Flows

Layer 7     

Results

ILOAD 

(kbps)

OLOAD 

(kbps)

Fwd. rate 

(kbps)

Latency 

(msec)

Jitter 

(msec)

% Packet 

Loss
VOIP G711 14 MOS: 3.16 87.2 92.8 59.8 69.8 6.1 35.0

MPEG 1 MDI Score: 
66.75msecs: 
49.29

2003.3 2044.3 1071.1 135.5 3.6 -

Ftp 2 File transfer 
type: 
968.17secs
Goodput: 
10.53 kbps

100.0 74.0 - - - 26.1

Http 4 Goodput:
398.13 kbps

1650.0 539.3 - - - 29.3

TCP 14 Goodput:
107.65

428.6 177.3 - - - 29.9

UDP 4 - 400.5 416.9 308.6 68.0 3.5 26.0

RTP 1 - 400.0 408.1 235.9 135.1 1.3 51.5

Figure 6:  WiMix Enterprise Test SLA - Vendor A Results

The table below shows the per flow average performance measurements of each traffic type:

Figures 8, 9, and 10 show WiMix test results for Vendor B. Once again, the WBS was unable to handle 7 voice calls 

and 1 Mpeg2 video stream and failed to adhere to the required performance for most application traffic. About 

50% of the VoIP calls, 100% of the video streams, 100% of the HTTP flows, 50% of the UDP flows, 93% of TCP 

flows, and none of the MPEG2 or FTP or RTP flows could maintain their required performance targets. 

Only 44% of the intended traffic load was allowed by the WBS and it was only successful in forwarding 26% of this 

traffic. Considerable quality improvement was again clearly required.
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Flow Type SLA Requirement
% Flows that 

Met SLA

FTP Per load: 50 0

MPEG2
DF: 150
MLR: 10

0

Http Per load: 50 0

VOIP G711
SLA mode: 0 
Value: 78

50

UDP
Latency: 10000ms 
Jitter: 500 ms 
Packet loss: 10% 

50

TCP Per load: 50 7

RTP

Latency: 10000ms 
Jitter: 500 ms 
Packet loss: 10% 

0

Figure 8:  WiMix Enterprise Test SLA - Vendor B Results

Flow 

Type

No. 

Flows

Layer 7     

Results

ILOAD 

(kbps)

OLOAD 

(kbps)

Fwd. rate 

(kbps)

Latency 

(msec)

Jitter 

(msec)

% Packet 

Loss
VOIP G711 14 MOS: 3.5 87.2 94.9 72.0 96.4 5.5 24.2

MPEG 1 MDI Score: 
80.49
msecs: 46.99

2003.3 2092.5 1166.5 191.8 6.1 -

Ftp 2 File transfer 
type: 453.23 
secs
Goodput: 
73.97 kbps

100.0 145.7 - - - 21.7

Http 4 Goodput:
138.4 kbps

1650.0 225.6 - - - 26.0

TCP 14 Goodput:
52.4

428.6 154.2 - - - 26.2

UDP 4 - 400.5 426.5 330.1 96.7 4.6 23.3

RTP 1 - 400.0 417.7 253.2 189.9 2.8 50.1

Figure 9:  WiMix Enterprise Test SLA - Vendor B Results
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The following table shows the per flow average performance measurements of each 

traffic type.

TCP Goodput Results

The TCP Goodput test results for both vendors were expected to be very high for all 

MSS sizes. Figures 11 and 12 show the results for vendors A and B respectively.

While no more than 1 Mbps of difference was observed for the largest MSS size 

between the two solutions, Vendor A performed better on average.

The graph shows the TCP goodput performance of the SUT in Mbps for the specified 

TCP maximum segment size in bytes.
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CONCLUSION

The precise and accurate testing and highly repeatable test methodology achieved 

using Ixia’s IxVeriWave test systems enabled the provider to validate and verify the 

quality of its WBS options, to compare them with enterprise-class APs, and to run 

numerous variations of the basic benchmarking tests in a short amount of time. Testing 

allowed the provider to identify specific areas where improvements were needed to 

increase the quality of their WBS performance as well as issues occurring on its access 

points. 

Using the Ixia system allowed the provider to increase productivity, decrease test cycle 

time, reduce support costs, and minimize the time needed to bring a new service to 

market.
Using the Ixia system 
allowed the provider to 
increase productivity, 
decrease test cycle time, 
reduce support costs, 
and minimize the time 
needed to bring a new 
service to market.


