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1.0 Overview 

We had a unique opportunity to test current generation dual-band 802.11n WLAN enterprise class access points.   

2009 is likely the major transition year in WLAN deployments, as many new large scale deployments will be moving to 

upgrade from legacy 802.11b/g networks to contemporary dual band (2.4 and 5 GHz) 802.11n networks. 

We tested wireless LAN systems from the leading enterprise vendors Aruba Networks, Cisco, and Meru Networks. All 

of them are enterprise class wireless LAN systems with integrated security and management tools that are designed 

to handle very large deployments. All of the systems are 802.11 a/b/g/n, WMM multi-application capable and are Wi-

Fi certified. All of them employ a wireless LAN controller that addresses the complexity of managing, securing and 

deploying these systems. 

Our goal was to design and execute a test suite that accurately reflects enterprise-level WLAN metrics within the 

microcosm of a single AP test. Since enterprise deployments that focus on primary wireless connectivity typically 

have dense AP deployments (often driven by lower power adjustments of some of the vendors per their auto-tuning 

tools), we focused on three key areas – throughput performance, throughput predictability (as measured by channel 

airtime fairness),  and power requirements – that are the primary metrics for enterprise-class WLAN evaluation. In the 

performance dimension, we tested not only single client performance but also how the different access points scale 

as the client density grows. We measured network-level performance metrics such as throughput and airtime 

fairness. In the power dimension, we measured both idle power and the network capacity that each access point 

provides for a unit of power, the true power metric when planning enterprise-wide wireless deployments.     

We do not assert that these tests are exhaustive, but we do think believe they accurately represent the capabilities of 

each of these products.

We evaluated the following performance metrics.

Throughput Raw TCP “goodput” of successful, reliable data transfer.

802.11n Airtime 

Fairness

How well multiple 802.11n clients share the airtime (channel capacity) 

administered by the access point.   Predictable sharing of the channel 

matches the intuitive expectation that if n clients share an AP, each will get 1/

n of the channel capacity.

Legacy Airtime 

Fairness

How well 802.11n clients share the airtime (channel capacity) administered 

by the access point with legacy 802.11a/g clients.   Predictable sharing of 

the channel matches the intuitive expectation legacy clients will be given 

channel capacity in proportion to the raw capacity of the legacy system to 

802.11n’s raw capacity. 

Mixed Application 

Performance

How well data 802.11n data clients shared the channel with 802.11 VoIP 

clients.

Power 

Consumption

What is the real power consumption of these access points, both idle and 

under load.
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We are a strong believer in Over-The-Air (OTA) testing of wireless LAN systems rather than “wired” testing using 

simulated RF conditions.    One of the key capabilities of a WLAN is the ability to deal with an RF environment that 

naturally consists of imperfect RF transmission, interference and contention between clients and access points for 

airtime on the shared channel.  In fact, 802.11n depends on imperfect RF conditions from multi-path reflections for 

the majority of its performance improvement over legacy WLAN technology.   RF simulations emulate RF conditions 

poorly if at all and are best used for evaluating functional behavior rather than system performance.   They are poor at 

predicting live performance.   Our tests occurred indoors with caution to prevent external RF interference from 

affecting the results of the tests.  

1.1 Key Findings

Best enterprise 802.11n APs can 

achieve more than 180 Mbps of 

goodput

The Meru AP consistently exceeded 170 Mbps in stand-alone 

performance and often 180 Mbps.    It reliably outperformed the 

Aruba AP by as much as 29% and the Cisco AP by as much as 67%.     

802.11n airtime fairness is 

possible and should be expected

The Meru and Cisco APs consistently offered fair and equitable 

access to all associated 802.11n clients.   The Aruba AP consistently 

offered materially inferior fair and largely unpredictable performance to 

802.11n clients.   The Meru AP uniquely was able to preserve both 

airtime fairness AND deliver consistently high throughput across a 

range of client loads.

Legacy airtime fairness is possible 

and should be expected

The Meru and (to an incrementally lesser degree) the Cisco APs 

offered fair and equitable access to a mixed load of associated 

802.11n and 802.11a/g clients.    The Aruba AP consistently offered a 

strong bias towards 802.11n over legacy 802.11a/g traffic.

Mixed application performance is 

possible and should be expected

High AP performance under a heavy bidirectional data and voice 

traffic is clearly possible as the Meru AP amply demonstrates in our 

10+10 test.    Both the Cisco and Aruba APs exhibited performance 

collapse under this load, offering unacceptably poor downstream 

voice and data performance as client upstream load overwhelmed 

both APs.   Both APs likely will work acceptably under a substantially 

decreased mixed application load.   We did not extensively test for the 

failure point of these APs.

Power consumption (with full 

functionality) well below 802.11af 

levels is possible and should be 

expected

Both the Meru and Aruba AP offer full function operation under 

802.11af power but the Meru AP draws 20% less the power and 

delivers 30% more capacity than the Aruba AP.    

The Cisco AP will not operate at full function under 802.11af power.  

Even with reduced functionality to make Cisco AP operate using 

802.3af, it draws as much power as the Aruba AP but delivers about 

60% of the performance.   The Meru AP introduces the valuable idea 

of power saving in APs, which reduces power consumption based on 

AP load.
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2.0 Test Methodology

2.1 The Facility

We conducted the testing at an approximately 4,000 square foot room that is a typical high tech laboratory space. 

The space was filled with equipment and had one wall of reflecting metal and another wall of venetian blinds blocking 

a wall of windows.   It is a high multi-path environment.

RF scans showed that we could “hear” other access points and wireless LAN traffic from neighboring businesses, 

but at a very low power level and not on the channels we were using for testing. The testing was conducted on a 

Saturday to minimize outside interference.

2.2 Infrastructure Equipment

We used Ixia Chariot Console 4.2 to generate the traffic for these tests and gather performance statistics. We used a 

Cognio Spectrum Expert 3.1.67 to scan the airwaves and ensure that we did not have any unusual interference in the 

channels we were using for the tests.

A flat Gigabit Ethernet network was used to interconnect all wired devices in the test. We used an HP Procurve 2824 

port 10/100/1000 switch. All of the APs were connected at 1000 Mbps. The Chariot console was running on a 

laptop PC connected to the Ethernet network at 1 gigabit. The same laptop acted as an endpoint for the Chariot 

tests, essentially acting as a server on the wired network. 

2.3 Wireless LAN Systems

We configured a single dual-band, 802.11n access point (with supporting controller) from each of the three vendors.

Controller Software Access Point

Aruba Aruba MMC3400 Controller 3.3.2.10 w/ Voice 

Services Module 

Aruba AP 125

Cisco Cisco 4402 Wireless LAN Controller 5.2.178 Cisco AP1250

Meru Meru MC3300 controller 3.6.1 Meru AP320

The APs from all of the vendors are dual band, with simultaneous performance on both the 2.4 and 5 GHz bands. 

However, we only enabled either the 2.4 GHz radio or the 5 GHz radio for our testing depending on the specific test. 

Each AP was set to a similar power (about 17 dBm) and WMM was enabled.    All testing was done in the clear with 

no encryption.

All APs were connected to DC power to ensure maximum performance. Power tests were done using 802.3af ports 

of the HP ProCurve PoE Ethernet Switch.
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2.4 Wireless LAN Client Equipment

We used two banks of 10 laptops each to provide the client load.

# Laptop 
Brand

Operating 
System

Network Adapter

10 Lenovo 

ThinkPad

Windows XP SP2 

(4.5.20.19)

Windows Vista 

SP1 (6.70.32)

Intel 4965 802.11 a/b/g/n dual-band, 2x2 MIMO

XP (11.1.1.11)

Vista (11.1.1.22)

10 Acer Windows XP SP2 

(4.5.20.19)

Cisco CB21 802.11 a/b/g dual-band CardBus Adapter

XP (3.6.0.6)

We used 10 Lenovo Thinkpad laptops (with internal Intel 4965 network adapters) with a mix of Vista and Windows to 

generate the 802.11n data load for all the tests.    This bank of laptops was 20 feet across the lab from the APs.

We used a second  bank of 10 Acer laptops (with identical Cisco PC Card adapters) with Windows XP. This bank of 

laptops was positioned within 10 feet of the APs and was used to generate both legacy 802.11a and 802.11g data 

traffic, but also 802.11a voice traffic for our combined voice and data test.  

2.5 The Tests

The focus of this testing is enterprise wireless 802.11n access point performance.  We were looking to evaluate the 

following performance metrics.

Throughput Raw TCP “goodput” of successful, reliable data transfer.

802.11n Airtime 

Fairness

How equitably and predictably multiple 802.11n clients share the airtime 

(channel capacity) administered by the access point.

Legacy Airtime 

Fairness

How equitably and predicatably 802.11n clients share the airtime (channel 

capacity) administered by the access point with legacy 802.11a/g clients.

Mixed Application 

Performance

How well 802.11n data clients shared the channel with 802.11 VoIP clients.

Power 

Consumption

What is the real power consumption of the access points, both idle and 

under load.

We chose to examine current hardware and software systems from the three major WLAN vendors of Aruba, Cisco 

and Meru.   In this test, we wanted to baseline the performance of the three vendors’, dual-band (2.4 and 5 GHz) 

enterprise class 802.11n access points.   These are complex systems and while our tests do not cover every aspect 
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of performance, we do think they set a strong indicator of the performance expectations for enterprise class WLANs 

comprised of tens or hundreds of these access points.

We are a strong believer in Over-The-Air (OTA) testing of wireless LAN systems rather than “wired” testing using 

simulated RF conditions.    One of the key capabilities of WLAN is the ability to deal with an RF environment that 

naturally consists of imperfect RF transmission, interference and contention between clients and access points for 

airtime on the shared channel.  In fact, 802.11n depends on imperfect RF conditions from multi-path reflections for 

the majority of its performance improvement over legacy WLAN technology.   RF simulations emulate RF conditions 

poorly if at all and at best are good for evaluating functional behavior.   They are poor at predicting live performance.   

Our tests occurred indoors with caution to prevent external RF interference from affecting the results of the tests.   

Our goal was to use current hardware deployed in the manner recommended by the manufacturer. We used the 

standard integrated antennas with all of the APs.  We defined ten tests to baseline the performance of these access 

points and derive the above metrics.
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Wired LAN Switch 

Chariot Server 

Laptop 

VoWLAN Client 

VoWLAN Client 

Meru AP 320 

Cisco AP 1250 

Aruba AP 125 

Meru MC3000 

Cisco 4402 

Aruba 3400 

Chariot Server Console 

Lenovo laptops-Intel 4965 2.4/5 11abgn 
Acer laptops- Cisco 11abg PCMCIA 

Novarum - Test Bed for 802.11n Performance Testing 



Test # of 
Clients

# of 
APs

Description

1 10 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic.  1 AP and 10 

laptop clients connected using 802.11n in a 40 MHz 5 GHz channel (Channel 157 and 

Channel 161). The clients and access points are configured without security. Each laptop is a 

Chariot endpoint. The Chariot console generates a stream of TCP traffic to each of the 

laptops, using the same Chariot throughput script that continuously sends a incompressible 

1000000 byte file as fast as TCP will allow, on each pair for 60 seconds.  Each client runs two 

such TCP streams to ensure that high performance does not outrun TCP flow control. The 

same script is used for all runs of this test with all vendors.

2 5 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic. 1 AP and 5 

laptop clients connected using 802.11n in a 40 MHz 5 GHz channel (Channel 157 and 

Channel 161). The clients and access points are configured without security. Each laptop is a 

Chariot endpoint. The Chariot console generates a stream of TCP traffic to each of the 

laptops, using the same Chariot throughput script that continuously sends a incompressible 

1000000 byte file as fast as TCP will allow, on each pair for 60 seconds.  Each client runs two 

such TCP streams to ensure that high performance does not outrun TCP flow control.

3 1 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic. 1 AP and 1 

laptop client connected using 802.11n in a 40 MHz 5 GHz channel (Channel 157 and 

Channel 161). The client and access points are configured without security. The laptop is a 

Chariot endpoint. The Chariot console generates a stream of TCP traffic to the laptop, using 

the same Chariot throughput script that continuously sends a incompressible 1000000 byte 

file as fast as TCP will allow, on each pair for 60 seconds.  The client runs four such TCP 

streams to ensure that high performance does not outrun TCP flow control. The same script 

is used for all runs of this test with all vendors.

4 10 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic. 1 AP and 10 

laptop clients connected using 802.11n in a 20 MHz 2.4 GHz channel (Channel 1). The 

clients and access points are configured without security. Each laptop is a Chariot endpoint. 

The Chariot console generates a stream of TCP traffic to each of the laptops, using the same 

Chariot throughput script that continuously sends a incompressible 1000000 byte file as fast 

as TCP will allow, on each pair for 60 seconds.  Each client runs two such TCP streams to 

ensure that high performance does not outrun TCP flow control. The same script is used for 

all runs of this test with all vendors. 
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Test # of 
Clients

# of 
APs

Description

5 5 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic. 1 AP and 5 

laptop clients connected using 802.11n in a 20 MHz 2.4 GHz channel (Channel 1). The 

clients and access points are configured without security. Each laptop is a Chariot endpoint. 

The Chariot console generates a stream of TCP traffic to each of the laptops, using the same 

Chariot throughput script that continuously sends a incompressible 1000000 byte file as fast 

as TCP will allow, on each pair for 60 seconds.  Each client runs two such TCP streams to 

ensure that high performance does not outrun TCP flow control. The same script is used for 

all runs of this test with all vendors.

6 1 1 This test is intended to stress test a single AP under maximum downstream load.   TCP is 

used for the transport protocol so there is substantial bidirectional packet traffic. 1 AP and a 

single laptop client connected using 802.11n in a 20 MHz 2.4 GHz channel (Channel 1). The 

client and access points are configured without security. The laptop is a Chariot endpoint. The 

Chariot console generates a stream of TCP traffic to the laptops, using the same Chariot 

throughput script that continuously sends a incompressible 1000000 byte file as fast as TCP 

will allow, on each pair for 60 seconds.  Client runs two such TCP streams to ensure that high 

performance does not outrun TCP flow control. The same script is used for all runs of this 

test with all vendors.

7 8+2 1 This test is intended to stress test a single AP under maximum downstream load with a mix of 

legacy non-802.11n clients.   TCP is used for the transport protocol so there is substantial 

bidirectional packet traffic. 1 AP and 8 laptop clients connected using 802.11n and 2 laptop 

clients connected using 802.11a in a 40 MHz 5 GHz channel (Channel 157 and Channel 

161). The clients and access points are configured without security. Each laptop is a Chariot 

endpoint. The Chariot console generates a stream of TCP traffic to each of the laptops, using 

the same Chariot throughput script that continuously sends a incompressible 1000000 byte 

file as fast as TCP will allow, on each pair for 60 seconds.  Each client runs two such TCP 

streams to ensure that high performance does not outrun TCP flow control. The same script 

is used for all runs of this test with all vendors.

8 8+2 1 This test is intended to stress test a single AP under maximum downstream load with a mix of 

legacy non-802.11n clients.   TCP is used for the transport protocol so there is substantial 

bidirectional packet traffic. 1 AP and 8 laptop clients connected using 802.11n and 2 laptop 

clients connected using 802.11g in a 20 MHz 2.4 GHz channel (Channel 1). The clients and 

access points are configured without security. Each laptop is a Chariot endpoint. The Chariot 

console generates a stream of TCP traffic to each of the laptops, using the same Chariot 

throughput script that continuously sends a incompressible 1000000 byte file as fast as TCP 

will allow, on each pair for 60 seconds.  Each client runs two such TCP streams to ensure 

that high performance does not outrun TCP flow control. The same script is used for all runs 

of this test with all vendors. 
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Test # of 
Clients

# of 
APs

Description

9 10+10 1 This test in intended to stress test a single AP under a maximum load of 10 802.11n data 

clients with maximum bidirectional TCP data streaming and an additional 10 legacy 802.11ga 

clients emulating VoIP phones.   1 AP and 10 laptop clients connected using 802.11n and 10 

laptop clients connected using 802.11a in a 40 MHz 5 GHz channel (Channel 157 and 

Channel 161).  The clients and access points are configured without security. Each laptop is a 

Chariot endpoint. The 10 802.11n clients each run four Chariot throughput flows in opposite 

directions (two in each direction to ensure network high performance does not outrun TCP 

flow control) to emulate bidirectional data traffic.   These traffic flows have IP ToS 0.   The 10 

802.11a clients each run two Chariot voice scripts in opposite directions to emulate a 

bidirectional VoIP (G.711u vocoder) call.  These flows have IP ToS to 7.   The same scripts are 

used for all runs of this test with all vendors.

10 10 1 This test is intended to measure to power consumption of an AP in three states:  

• Idle - powered on but without beacons and no associated clients, 

•Ready - powered on, beacon and associated clients, and

•Active - powered on, beacon, associated clients and running a stress test a single 

AP under maximum downstream load.   TCP is used for the transport protocol so 

there is substantial bidirectional packet traffic.  1 AP and 10 laptop clients 

connected using 802.11n in a 40 MHz 5 GHz channel (Channel 157 and  Channel 

161). The clients and access points are configured without security. Each laptop is a 

Chariot endpoint. The Chariot console generates a stream of TCP traffic to each of 

the laptops, using the same Chariot throughput script that continuously sends a 

incompressible 100,000 byte file as fast as TCP will allow, on each pair for 60 

seconds.  Each client runs two such TCP streams to ensure that high performance 

does not outrun TCP flow control. The same script is used for all runs of this test 

with all vendors.

We ran each of the tests three times for each vendor and averaged the results of the three runs. The detailed results 

are listed in Appendix B. The Chariot tests are designed to run for a duration of 60 seconds when they complete 

successfully. The results in each case are the average of the successful flows.
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3.0 Detailed Test Results

3.1 Test 1 - Data Only, Ten 5 GHz 802.11n data clients TCP down

The maximum TCP download test yielded unambiguous results - Meru leads throughput performance with over 180 

Mbps of data traffic throughput over 29% higher than  Aruba with 140 Mbps and Cisco with only 108 Mbps.

We analyzed the collection of the individual clients to determine the airtime fairness between each of these identical 

802.11n clients.   We determined a metric for this fairness by first computing the mean client throughput and the 

standard deviation for each AP of the individual client throughput.    We label the ratio of the normalized standard 

deviation (standard deviation divided by average) of client throughput as the “fairness” metric. Normalized standard 

deviation is the indication of variance of mean, smaller the variation, the better the predictability of performance.  In a 

perfectly fair system, variance will be zero. Therefore lower values are better.   As we can see above,  Meru delivered 

the best fairness between clients with the smallest normalized standard deviation among individual client throughput.  

Aruba had more than a three times worse normalized standard deviation at 32%, while Cisco at 14% delivered a 

fairness much better than Aruba, and incrementally inferior to Meru.

Meru delivered both the best throughput but also the best airtime fairness and hence the most predictable 

performance for each individual client.

3.2 Test 2 - Data Only, Five  5 GHz 802.11n data clients TCP down

We repeated the same TCP download throughput test, but with only 5 clients.    With the elimination of contention  

overhead, we would expect performance to increase.    And indeed, performance for all three APs increased.

Meru again was the highest throughput AP with 187 Mbps of TCP throughput, followed by Aruba at 146 Mbps and 

then by Cisco with 128 Mbps.    With this lower number of clients, the dramatic fairness differences we saw with 10 

clients have disappeared with all three APs delivered similar equity of client performance with and Aruba at 16% and 

Cisco at 18%..

3.3 Test 3 - Data Only, Single 5 GHz 802.11n data clients TCP down

Our final 5 GHz throughput test was for a single client and we were expecting the best (and highest) throughput of 

the three tests.   Meru delivered with 191 Mbps - the highest throughput we saw in the entire test suite, again 

followed by Aruba at 145 Mbps and Cisco at 108 Mbps.    While Meru did deliver a modest performance gain with 

this minimal client configuration (and hence minimal airtime contention overhead), Aruba stayed essentially flat 

compared to the five client test and Cisco materially decreased by over 20% in throughput.

3.4 Test 4 - Data Only, Ten 2.4 GHz 802.11n data clients TCP down

We now repeated our 802.11n throughput testing but in the 2.4 GHz band using a single 20 MHz channel.

Meru  delivered the highest throughput of 84 Mbps, 16% greater than Aruba with 72 Mbps. Cisco came in third with 

59 Mbps.

The fairness disparity we saw with 10 client load at 5 GHz also appears here with Meru again leading with 12%, 

closely followed by Cisco at 17%.   But Aruba delivers an even worse fairness result with a metric of 101%.
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3.5 Test 5 - Data Only, Five 2.4 GHz 802.11n data clients TCP down

As we decreased the client load from 10 clients to 5, we again expect total throughput to increase and fairness to 

improve.

As the charts show, Meru leads in total throughput  with 86 Mbps and is tied with Cisco for fairness at 9%.   All three 

APs delivered incremental performance improvements with the lowered client overhead.

All three APs delivered improvements in fairness with both Cisco and Meru showing normalized standard deviation of 

9% and Aruba decreasing  to 46% - still materially poor.

3.6 Test 6 - Data Only, Single 2.4 GHz 802.11n data client TCP down

The further decrease of client load to a single client incrementally increased total throughput.   Meru is the throughput 

leader at 87 Mbps, followed by Aruba at 76 Mbps and Cisco at 67 Mbps.

3.7 Test 7 – Legacy Client Fairness - Data Only, Eight 802.11n and Two 802.11a Clients, 5 GHz 

TCP down 

Tests 1,2,4 and 5 gave us insight into similar 802.11n client fairness - equitable and predictable distribution of airtime 

between similar 802.11n clients.   A related issue is legacy fairness, the equitable distribution of airtime between legacy 

clients and 802.11n clients.   Test 7 implements the same 10 client download test but distributed across 8 802.11n 

clients and two legacy 802.11a clients.  
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Aruba Cisco Meru

Total Throughput 126.2 92.1 157.7

.11n Throughput 122.6 88.6 131.4

.11n Fairness 43% 9% 10%
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.11a Throughput 3.6 3.6 6.4

.11a Fairness 11% 4% 1%

.11n/.11a Fairness 1.55 1.12 0.93

We can see that the throughput ranking apparent in the 802.11n throughput tests continue here, with Meru delivering 

the best total, the best .11n and the best legacy .11a throughput.   Aruba is in second place for total and 11n 

throughput and tied with Cisco for .11a throughput.   

The fairness analysis tells us a deeper story.    The results for Meru and Cisco are close for both .11n and .11a traffic 

- with both classes of traffic internally having equitable airtime sharing.     Aruba, consistent with results of our 

802.11n testing, delivers poorer legacy fairness, particularly for the .11n traffic at 43%.

The real question is what IS a fair airtime distribution between legacy traffic and 802.11n traffic?    An obvious metric 

is to scale delivered performance by the ratio of the maximum raw bit rates of the legacy and 802.11n underlying 
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networks.   For our 5 GHz test, the legacy bit rate is .11a’s 54 Mbps and .11n’s 300 Mbps.    We construct a metric 

of legacy fairness by the following equation:

Legacy fairness = 802.11nMeanThroughput/LegacyMeanThroughput*LegacyMaxRate/802.11nMaxRate.

Perfect airtime fairness would deliver a metric of 1.0.   Less than 1 would indicate a bias to legacy clients and greater 

than 1 indicates a bias towards 802.11n clients.

As we can see from the Test 7 results, both Meru and Cisco deliver reasonable fairness between  legacy and 

802.11n clients with Meru delivering  performance only slightly biased to legacy legacy clients and Cisco slightly more 

biased towards 802.11n clients.   Aruba delivers a result that is quite noticeably biased towards 802.11n clients to 

the detriment of legacy clients.   A bit of computation tells us that Aruba is treating legacy clients as if they operated 

on a much slower network - in this case 35 Mbps rather than .11a’s 54 Mbps.
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3.8 Test 8 - Fairness - Data Only, Eight 802.11n and Two 802.11g Clients, 2.4 GHz TCP down

We repeated the legacy fairness test, but this time for the 2.4 GHz band.   

The results are more tightly coupled with Meru and Aruba essentially tied for total throughput at about 66 Mbps and 

both ahead of Cisco at 54 Mbps.    However, the fairness issues we began to see at 5 GHz are more apparent at 2.4 

GHz.   Both Cisco and Aruba show a more dramatic bias towards .11n traffic to the detriment of legacy .11g traffic 

while Meru continues its modest bias towards legacy traffic.   While delivering the highest .11n traffic at 65 Mbps, 

Aruba delivers the lowest .11g legacy traffic at 1.4 Mbps - almost 5 times less than the Meru performance. 

Aruba Cisco Meru

Total Throughput 66.0 54.4 66.4

.11n Throughput 64.6 52.4 59.6

.11n Fairness 49% 8% 12%

.11a Throughput 1.4 2.1 6.9

.11a Fairness 14% 2% 2%

.11n/.11a Fairness 5.00 2.68 0.90

This anti-legacy bias is profoundly illustrated by the fact that Aruba appears to treat the .11g traffic like .11b traffic - 

seriously starving legacy clients of airtime capacity.

3.9 Test 9 - Mixed Applications - Voice+Data, Ten 802.11n Data and Ten 802.11a Voice Clients, 5 

GHz TCP down

Test 9 puts the maximum stress on each of the APs with a traffic load of ten (10) 802.11n clients offering maximum 

upstream and downstream data streaming loads along with an additional ten (10) legacy 802.11a clients emulating 

VoIP clients.

Aruba Cisco Meru

Uplink MOS 4.37 4.13 4.33

Downlink MOS 2.20 1.14 4.35

Upstream 

Throughput

97.8 83.1 34.0

Downstream 

Throughput

8.0 8.2 96.8

Total Throughput 105.80 91.3 130.8
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All three APs delivered total data throughput consistent with our downstream data only tests - Meru delivered 131 

Mbps of throughput, Aruba 106 Mbps and Cisco trailed with 91 Mbps of total throughput.   All three APs also 

delivered high quality upstream voice with MOS scores in excess of 4.0 for all three vendors.

However, the imbalance between upstream and downstream performance between the three vendors is profound.  

While Meru delivered equitable voice traffic for all 10 voice clients with the same MOS scores for both upstream and 

downstream voice AND delivered a balanced data throughput between upstream and downstream for the data 

clients, both Cisco and Aruba delivered very imbalanced data and voice performance.   For both vendors, the 

upstream voice and data traffic was of high quality but the downstream voice and data was highly degraded. 

To understand this disparity, we conducted additional tests to look at 3+3, 5+5 and 7+7 voice and data clients with 

the same traffic scripts - somewhat reducing load but more importantly reducing contention.   We found that the 

Cisco AP largely delivered equitable performance at the 3+3 load (though some degradation in downstream MOS 

scores was seen) but more profound degradation was seen at 5+5 and even more at 7+7 voice and data clients.   

The downstream performance collapse visible in the 10+10 results were clearly visible in the 7+7 results with a bit 

higher downstream MOS scores and a bit less dramatic performance collapse on the downstream data traffic.    No 

additional tests were done on the Aruba AP but we suspect that similar results would be found.

We can only guess at the root cause of this performance - that it is the classic N+1 load balancing problem for 

802.11 access points - a well known 802.11 problem.   In our case, we have 20 clients (some voice and some data) 

transmitting in addition to one AP.   The AP is the destination for all client traffic and the source of an equal amount of 

traffic back to the clients.   However, using basic WLAN channel arbitration, the AP will only get 1/211 of the 

transmission airtime if there are 20 clients connected to it when it really needs closer to # of the airtime.   This 

appears to be the case for Aruba and Cisco.   Meru has clearly implemented a mechanism to solve this problem. 

3.10 Test 10 - Power Consumption

Our last test examined the power consumption of each of the APs in three states:  Idle (powered on but with no 

beacon, associated clients, or traffic), Ready (powered on, beacons activated and associated clients), and Active 

(passing user traffic).   We then tested each AP with the ten (10) client throughput test to measure performance 

against power consumption.

Idle 

Power 

(W)

Ready 

Power (W)

Active 

Power (W)

Capacity 

(Mbps)

Power 

Effficiency 

(Mbps/W)

Aruba 9.4 9.4 10.6 136.0 12.9

Cisco 9.2 9.2 10.1 79.0 7.8

Meru 4.7 6.6 8.0 171.0 21.5

Enterprise Wireless LAN 802.11n Access Point Benchmark" 16" Copyright 2009 Novarum Inc.

1 For N clients associated with 1 AP, naive allocation of airtime will only allocate 1/(N+1) transmission opportunities to the each 

stations, including the AP.   For heavy bidirectional traffic, this can starve the AP of transmission opportunities. 



As the table shows, Meru led with the lowest Idle power drain of about 5W about 50% of the Idle power consuption 

of both Aruba and Cisco at a bit over 9W each.  In this purely idle state, the Meru AP draws only half the power of 

either Aruba or Cisco.   

In Active mode, both the Cisco and Aruba APs consumed about the same amount of power - 10W - but the Meru 

AP consumed 20% less power (at 8W) while delivering substantially higher throughput. The low power consumption 

coupled with the high throughput of the Meru AP leads to an interesting metric when we balance traffic capacity vs 

power consumption.   As our tests show, the Meru AP delivers almost three times the capacity per watt of power of 

the Cisco AP.

It is important to note that the PoE power consumption of the Cisco AP comes with a functional price - a firmware 

downgrade.   In order to measure the power consumption of the Cisco AP with PoE power, the firmware needed to 

be downgraded in order to get the unit to power up at all.    With downgraded firmware, the unit would only power 

up with one radio rather than two and showed a marked decrease in throughput from Tests 1-9 that were performed 

with direct DC power.    We understand that proprietary PoE is available from Cisco to fully power this device but this 

equipment was not available to us for this test.

Enterprise Wireless LAN 802.11n Access Point Benchmark" 17" Copyright 2009 Novarum Inc.



4.0 Conclusions

The story that emerges from this enterprise 802.11n WLAN access point testing is really two fold:

•High performance access points are available that provide high throughput, fair access for all clients and 

mixed applications, and low power consumption, and

•Not all 802.11n access points are equal. 

While the stand-alone performance of an enterprise class access point is not the complete WLAN story, these key 

findings do strongly distinguish between these candidate APs.

Best enterprise 802.11n APs can 

achieve more than 180 Mbps of 

goodput

The Meru AP consistently exceeded 170 Mbps in stand-alone 

performance and often 180 Mbps.    It reliably outperformed the 

Aruba AP by as much as 29% and the Cisco AP by as much as 67%.     

802.11n shared client 

predictability and airtime 

fairness is possible and should 

be expected

The Meru and Cisco APs consistently offered fair and equitable 

access to all associated 802.11n clients.   The Aruba AP consistently 

offered materially inferior fair performance to 802.11n clients. Meru 

maintained its fairness under load - offering predictable, equitable 

performance to each client while offering the highest total throughput 

of the three access points.

Legacy airtime fairness is 

possible and should be 

expected

The Meru and (to a lesser degree) the Cisco APs offered fair and 

equitable access to a mixed load of associated 802.11n and 802.11a/

g clients.    The Aruba AP consistently offered a strong bias towards 

802.11n over legacy 802.11a/g traffic.

Mixed application performance 

is possible and should be 

expected

High AP performance under a heavy bidirectional data and voice 

traffic is clearly possible as the Meru AP amply demonstrates in our 

10+10 test.    Both the Cisco and Aruba APs exhibited performance 

collapse under this load offering unacceptably poor downstream voice 

and data performance as client upstream load overwhelmed both 

APs.   Both APs likely will likely work acceptably under a substantially 

decreased mixed application load.   We did not extensively test for the 

failure point of these APs.

Power consumption well below 

802.11af levels is possible and 

should be expected

Both the Meru and Aruba APs are capable of full function operation 

under 802.11af but with the Meru AP drawing 20% less the power 

and delivering 30% more capacity than the Aruba AP.    The Cisco AP 

will not operate at full function under 802.11af power and even with 

reduced function (e.g. Only one radio in operation), draws as much 

power as the Aruba AP but delivers about 60% of the performance.   

The Meru AP introduces the valuable idea of power saving in APs, 

which reduces power consumption dynamically based on AP load.

Enterprise Wireless LAN 802.11n Access Point Benchmark" 18" Copyright 2009 Novarum Inc.



Appendix A - Full Disclosure

Novarum fully stands by these results.   This study was sponsored by Meru . We took our role as independent 

analysts very seriously. We adjusted the tests and test execution of each of the access points so that they would 

deliver the best possible performance. We followed the manufacturers’ guidelines for deployment and configuration. 

We made sure that all of the tests were conducted under the same conditions. 

We did not contact Cisco or Aruba directly and ask for their help with the testing.

In our judgement, the Cisco and Aruba systems were configured and deployed as well as they would be if one of 

their authorized VARs did the installation and any remaining errors are within the bounds of OTA test reproducibility.
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Appendix B - Detailed Test Results
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Appendix C - Controller Configurations

C.1 Aruba Controller Configuration

Enterprise Wireless LAN 802.11n Access Point Benchmark" 23" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 24" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 25" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 26" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 27" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 28" Copyright 2009 Novarum Inc.



Enterprise Wireless LAN 802.11n Access Point Benchmark" 29" Copyright 2009 Novarum Inc.



C.2  Cisco Controller Configuration
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C.3  Meru Controller Configuration
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