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   Visie 

Seamless roaming 
Seamless handoff 
Seamless logon 
Zero-touch onboarding 
Seamless 4G roaming 
 
Fast enough 
Predictable speeds 
Predictable quality 

Optimise Connectivity (OCE) 
MultiBand Operation   (MBO) 



Wifi in een notendop 1 

2.4GHz frequency band 
3..4 non-overlapping 
20 Mhz channels 

5 GHz frequency band 
19 non-overlapping 
20MHz channels 

200 mW E.I.R.P. 1 W  E.I.R.P. 
Indoor only  max. 50mW/MHz 
  outdoor+indoor 

Wifi spectrum 
Wifi channel 
number 

Frequency  
(GHz) 

2.4GHz 

5 GHz 

Max. 100mW E.I.R.P.  (20dBmW) 

Channel width can be doubled to 40 MHz by combining 2 channels.  
The transmitpower per MHz is then halved!  

The higher the channel 
width, the lower the 
power per MHz!  



TxR:S 

                B           G/N        AC 
            64QAM     64QAM     256QAM 
TxR:S   20MHz   40MHz     80MHz         160MHz 
1x1:1  75/75 150/150     400             800     
2x2:2  150/150 300/300     800           1600 
2x3:2  150/150 300/300     800           1600 
3x3:2  150/150 300/300     800           1600 
3x3:3   225/225  450/450     1300         2250 
4x4:4    N.A.   N.A.         1700         3050  
 
  
 
 

Max. Down/Up  speeds 
         (Mbps) 

Transmit  
Antennas 

Receive  
Antennas 

Spatial  
Streams 

Highest Modulation rate (dynamic) 

Channel width (static) 

802.11 IEEE Wifi Standaard 

1300Mbps   (80MHz) 
  600Mbps   (40MHz) 
  300Mbps   (20MHz)  

32Mbps 
15Mbps 
  6Mbps 

10 Modulation Rates MCS0..9,  3 spatial streams = 30 downgrade/upgrade steps in linkspeed 

Wifi in een notendop 2 
EIRP totaal 
100mW (2.4GHz) 
200mW (5 Ghz) 

 

Spatial Streams 
=MIMO  
=Single user MIMO 

Half duplex = 40.50% van 75Mbps = 30..40Mbps 

802.11ax – 3..4x zo snel 



Ziggo Wifi architectuur 

Generic Client 
certificaat 

Specific Server 
certificaat 

- 1x configure 
- Automatic login 
- No software/App 
- Handover 
- Extra bandwidth 

(10Mbps) 
- Closed, secure, 

encrypted, 
closed SSID 

- Certificaten 
( tegen “nep-hotspots”) 

- 2 devices 
(onbeperkt # registraties) 

- Limited #guests 
(per Wifispot – cafe/terras)  

Tijdelijk (NAT) 
Publiek IP adres 
b.v. 83.82.104.111 

EAP/PEAP MSCHAP vs 2 



(i)RFA AOP 

* : ~50% AOP’s bevindt zich in meterkast, ~50% in de woonkamer  

WCD 

WCD 

M / R 

Legenda 

Geen COAX-WCD 

Meterkast * Woonkamer 

Kamers met COAX-WCD 

AOP 

WCD 

M / R 

G3Box Abonnee-overnamepunt 

Wandcontactdoos 
NAS Lokale opslag (netwerk schijf) 

WiFi-enabled WiFi-modem-router 

Legacy Set-top-box (interactief) COAX  

UTP 

HDMI / SCART / 

anders 

(retourgeschikte) RF-versterker 
WiFi 

Buiten 

(i)RFA 

NAS 

UTP/MoCa (via Coax) 

Stb 

STbx 

8. 

M / R 

• ACS spectrum mgmt 
• B-rates 
• 2.4Ghz only 
• Bad clients 
• Sticky Clients 
• Hand-off 
• SSID prioritisation 
• Airtime Fairness 
• IEEE 1905.1 

 
 
 

Uitdagingen indoor 

M / R 
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Ziggo 
Ziggo25367 



Uitdagingen Outdoor 



      Straat 
            kasten 

 

 
 



Wifi congestie 5.0 GHz 

• Auto Channel Select 
• Beamforming 
• Device Steering 
• Airtime Fairness 
• 4x4 antennas 
• Massive-Multi-User Mimo 

 
 

Anti-Congestion 
measurements 
 



 Managing Mobility 

12 

Fast  
Roaming 
 

802.11r 

 
 
• IEEE standard 

improves Voice over 
Wifi  

• Seamless handover 
between AP-s 

• secure roaming 
which improves QOS  

• Cisco/ Apple/ 
Ruckus/ Aruba (2016) 

Intelligent  
Awareness 
 

802.11k+v 

 
 
• IEEE standard 

where fast roaming 
is not available 

• Intelligent 
Neighbour 
awareness 

• Cisco/Apple/Ruckus 

 

Prediction 
based roaming 
 
 
 
 
 
Optimized roaming door 
devices 
• Based on client 

probes 
• Android and Apple 
• No 802.11r/802.11k 

 

Interactive 
both by Client+AP (2008)  

Key caching 802.11x 
(2008) 



 Managing Mobility 

13 

Fast link setup 
 

802.11ai 

 
 
• < 100ms 
• Reduce probe storms  
• Reduce mgmt 

overhead and link 
setup messages 

• controllerless 

(2015) 



BACKUP SLIDES 





#antennes 

#a
nte
nne
s 
2.4 

Dual band 2.4 
en 5.0GHz 

ipad1 nee Begin 2010 

ipad2 802.11n 1 ja Begin 2011 

Ipad3 802.11n 1 Ja Begin 2012 

ipad4 802.11n Ja Eind 2012 

Ipad Air 802.11n 2 ja Eind 2013 

iPad Air 2 802.11AC 2 ja Eind 2014 


