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The Wireless Pro‘s

� Wireless Networks could be build up

� At almost any place

� Very fast

� For lower costs compared to a new wired network

� Scalable 

� Just need a backhaul at the edge of the network

� But you need to take care about Quality of Service (QoS)
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Why do we need QoS ?

� Customers want to use new services like VoIP or Video on 
Demand 

� Building a separate network for each service is very expensive

� In a converged network services compete to each other about 
bandwidth

� Suitable mechanisms are needed to meet the different 
requirements of voice, video and data services

� Wireless Technologies must support these mechanisms



WiMAX

The QoS capability of IEEE 802.16
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WiMAX – test preparation

� 11 manufacturers were contacted

� Then the German Federal Network Agency made an announcement to 
sell the 3.5 GHz frequencies by an auction

� According to this local and smaller carrier will not be able to participate 
in the market because of their missing financial strength

� Manufacturers used this decision as an excuse to reject their test 
participation

� Only one manufacturer was bold enough to participate
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WiMAX – the results
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WiMAX – the results

� Performance

– Throughput was 4 MBit/s in the uplink and 5 MBit/s in the downlink 
direction using a 3,5 MHz channel and FDD

– Latency was about 20 to 30 ms, and up to hundreds of ms under 
strong load conditions

– Tested with frames sizes 64, 512, 1024 and 1518 Bytes

– Used two subscriber stations in the downlink direction 
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WiMAX – the results

– Redline is an exemplar to 
show how prioritization 
should work correctly

– Higher priorities do not lose 
any packets until the lower 
priorities have 100% frame 
loss

– Result looks good for all 
frame sizes

� FrameLoss during Prioritization test for the Downlink
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WiMAX – the results

– The results are nearly the 
same for the latency

– A small latency is very 
important for realtime
services like VoIP

– Base station as well as 
Subscriber station discard 
the packets in the correct 
order  

� Latency during Prioritization test for the Downlink
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WiMAX – the results

– But there seems to be a 
performance problem with 
small packets in the 
subscriber station  

– Frame loss is present from 
the beginning (1 MBit/s) for 
the green connection

� FrameLoss during Prioritization test for the Uplink
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WiMAX – the results

� Voice Quality test for the Downlink and Uplink
– PESQ MAX was 3,482
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WiMAX – the results

� Outdoor Test Setup  

– Base station was build up on the roof of the university

– The antenna additionally was fixed at the top of a 10m 
pneumatic mast 

– The subscriber station was positioned on a tower in 
Barhöft (distance was about 11 km)

– The test was performed under optical line of sight 
conditions
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WiMAX – the results
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WiMAX – the results

� Throughput during Outdoor Test

– Modulation level was 16-QAM (1/3) in the downlink and 
16-QAM (2/3) in the uplink direction compared to 64-
QAM(2/3) during the lab test

– The throughput was 2 MBit/s in the downlink as well as in 
the uplink direction using a 3,5 MHz channel and FDD
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WiMAX – conclusion

� Prioritization works fine for Up- and Downlink

� The subscriber station has problems with small frame 
sizes

� The subscriber station is not able to guarantee Voice 
Quality under load conditions



Wireless LAN

The QoS capability of IEEE 802.11
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Wireless LAN – test preparation

� Has a very good acceptance and is very common

� Is getting QoS enabled through IEEE 802.11e extension

� Project Partner Djursland is already managing a Wireless LAN 
Network and could benefit from the results

� Wireless LAN Hardware is not as expensive as WiMAX
hardware and therefore easier to get for a testing purpose
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Wireless LAN – the results

� Tested products from 5 vendors, whereas 4 were controller 
based solutions and 1 was a standalone access point

� 4 vendors supported WMM, 1 was not able to prioritize traffic 
streams using DiffServ but is able to prioritize whole clients (by  
ip-address or port)

� So when building a network the decision for a specific 
manufacturer depends on the wanted prioritization type
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Wireless LAN – the results

– Lancom was the only non-
controller based solution 

– The results concerning 
prioritization and latency 
were the best 

– Also Lancom was the only 
vendor whose APs
supported QoS in Bridge 
Mode, which is important 
for infrastructure networks

� FrameLoss during WMM Prioritization test on the Downlink
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Wireless LAN – the results

� FrameLoss during WMM Prioritization on the
Downlink: How it should not look like!!
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Wireless LAN – the results

� FrameLoss during Meru Prioritization on the Downlink

– Meru was the only solution
without WMM support

– Prioritization using network
parameter with different 
priorities works fine, but
only for the downlink

– Meru was not able to 
explain how it should work
for the uplink and what
configuration is needed
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Wireless LAN – the results

– Test setup for WMM used 4 
routing-enabled Windows 
PCs 

– Sending 4 different traffic 
priorities over one client, no 
prioritization was seen on 
the uplink for Windows

– But using Linux with an 
OpenSource WMM driver 
prioritization on the uplink 
works fine

� Strange prioritization on the Uplink under Windows (1)
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Wireless LAN – the results

– When sending only one 
priority over one client 
prioritization works fine 
under Windows 

– So there seems to be a 
problem with the internal 
collision handling when 
more than one queue has 
to be processed

– Also routing could be the 
problem 

� Strange prioritization on the Uplink under Windows (2)
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Wireless LAN – the results

� Voice Quality
– Was calculated only for the downlink direction because of 

the prioritization problems on the uplink
– PESQ MAX was 3,482
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Wireless LAN – conclusion

� Prioritization works but is instable for some solutions

� Prioritization for the uplink needs to be verified when 
using a Windows driver

� The best solution is not always the most expensive one

� Outdoor tests will follow as soon as Dynamic Frequency 
Selection (DFS) and Transmission Power Control (TPC) 
are supported by the Hardware
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Motorola Canopy – a proprietary solution

� Performed a 2.4 GHz test scenario 

� Motorola hardware was not performing as expected

� Test was canceled consensual and will be repeated as soon as 
Motorola has solved the problems 

� Repeated tests and new firmware show no improvement until 
now
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Further Activities

� Testing Mesh Networks with QoS Capabilities

� Testing WLAN with Veriwave Testsolution

� WLAN Test Demo at interop

� Repeating Motorola Canopy tests
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