
recherche & développement

:LUHOHVV�0HVK�1HWZRUNV
87&
����������
Sidi-Mohammed Senouci
France Telecom R&D



CM/21.02.08/SMS – p2 recherche & développement Groupe France Télécom

Course Outlinse

Î ,QWURGXFWLRQ
Î :LUHOHVV�0HVV�1HWZRUNV

z&GHKPKVKQPU��#RRNKECVKQPU�CPF�5VCPFCTFK\CVKQP�#EVKXKVKGU
z9KHK /GUJ�PGVYQTMU�CPF�������U�UVCPFCTF
z%WTTGPV�FGRNQ[OGPVU
z(TCPEG�6GNGEQO�#EVKXKVKGU
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Introduction

Mobile
Networks

Networks with 
Infrastructure

Networks without 
Infrastructure

Cellular Networks : 
GSM, Mobile IP Ad hoc Networks

Hybrid Networks

Mesh Networks
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WiFi Paradox and WiFi Mesh network benefits

Î :L)L 1HWZRUNV�SDUDGR[� !�/RWV�RI�ZLUHV�
zPGVYQTM�YKTGU�
zRQYGT�UWRRN[�YKTGU

Î 0HVK�1HWZRUNV� !�2QO\�SRZHU�VXSSO\�XQLW�ZLUHV
z'CUKGT�FGRNQ[OGPVU�CPF�PGY�QRRQTVWPKVKGU�
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Wireless Mesh Networks

Î %DVLF�'HILQLWLRQ
z#�OGUJ�PGVYQTM�KU�OCFG�WR�QH�C�ITKF�QH�PQFGU�YJKEJ�EQNNCDQTCVG�VQ�GZEJCPIG�
KPHQTOCVKQP�YKVJ�VJGKT�PGKIJDQWTU VJTQWIJ�CFCRVGF�KPVGTHCEGU��7UWCNN[��OGUJ�
PGVYQTMU�CTG�DCUGF�QP�YKTGNGUU�NKPMU��YKVJ�VJG�UVTQPI�CFXCPVCIG�VQ�EQXGT�CTGCU�YJGTG�
PQ�YKTGF�EQPPGEVKQP�VQ�DCEMJCWN�PGVYQTM�KU�CXCKNCDNG��

Î 7KH�HPEHGGHG�G\QDPLF�PXOWL�KRS�URXWLQJ�IXQFWLRQ�HQDEOHV�WKH�NH\�
IHDWXUHV�
z5GNH�%QPHKIWTKPI��5GNH�*GCNKPI

1RGHV

*DWHZD\
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Wireless Mesh Applications and Scenarios
Residential – Small Enterprise 

z#&5.�GSWKXCNGPV�QHHGTU�HQT�
TGUKFGPVKCN�UOCNN�GPVGTRTKUG�
EWUVQOGTU�YJQ�CTG�FGRTKXGF�QH�
z 1WVFQQT�OGUJ�PGVYQTMKPI�
UQNWVKQP��RQUUKDN[�������I�KP�
DCEMJCWN�CPF�������D�I�KP�
CEEGUU�
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Wireless Mesh Applications and Scenarios
Campus/Corporate Scenarios (Community)

Î (IILFLHQWO\�FRYHU�FDPSXV�RU�FRUSRUDWH�DUHD�LQGRRU�RXWGRRU�DW�RQFH�DQG�WKXV�
SURYLGH�IRU�ZLUHOHVV�3�3��LQWHUQHW�DQG�LQWUDQHW�DFFHVV�HYHU\ZKHUH�IURP�
WKHVH�DUHDV�
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Wireless Mesh Applications and Scenarios
Hotspot Extensions

Î 0HVK�QHWZRUNV�SURYLGH�D�JUHDW�RSSRUWXQLW\�WR�HDVLO\�H[WHQG�WKH�UDGLR�FRYHUDJH�RI�
RSHUDWRU�KRW�VSRWV�
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Wireless Mesh Applications and Scenarios
Other Application Cases in Medium Term

Î &DU�WR�&DU�1HWZRUNV�
DVVRFLDWHG ZLWK D�IL[HG
LQIUDVWUXFWXUH�

Î 'RPHVWLF 1HWZRUNV�
�PDLVRQ�QXPpULTXH�
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Wireless Mesh Applications and Scenarios
Other Application Cases

Î (PHUJHQF\�RSHUDWLRQV
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:LIL�0HVK�1HWZRUNV�DQG�,(((�
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Wifi Mesh technology

Î 1DWXUDO�GHYHORSPHQW�RI�:L�)L QHWZRUNV
Î 'HVLJQHG�WR�GHSOR\�:/$1V LQ�DUHDV�ZKHUH�XVXDO�

:L�)L KRWVSRW�VROXWLRQV�DUH�WRR�H[SHQVLYH�EHFDXVH�
RI�FDEOLQJ
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Wifi Mesh technology

Î 7KUHH�JHQHUDWLRQV�RI�HTXLSPHQWV�DUH�DYDLODEOH�RQ�
WKH�PDUNHW

%HODLU��6WUL[ 6\VWHPV��0HVK�
'\QDPLFV��6DJHP��

0RWRUROD

1RUWHO��&LVFR��$UXED��&ROXEULV��
3UR[LP��%HODLU��

0RWRUROD��7URSRV��
6DJHP�

7URSRV��0RWRUROD��&LVFR9HQGRUV

3RVVLEOH/LPLWHG9HU\�OLPLWHG6XSSRUW�RI�5HDO�7LPH�
DSSOLFDWLRQV

+LJK/RZ9HU\�ORZ7KURXJKSXW�SHU�KRS

/RZ0HGLXP�± KLJK+LJK'HOD\�SHU�KRS

3RVVLEOH/LPLWHG9HU\�OLPLWHG/DUJH�VFDOH�GHSOR\PHQWV

0RGXODU�QRGHV)L[HG�FRQILJXUDWLRQ)L[HG�FRQILJXUDWLRQ1RGH�PRGXODULW\

��RU�PRUH�UDGLRV
������E�J�	�������D

��UDGLRV
������E�J�	�������D

��UDGLR
������E�J5DGLR�PRGXOH�SHU�QRGH

�UG�JHQHUDWLRQ�QHWZRUN�QG�JHQHUDWLRQ�QHWZRUN�VW�JHQHUDWLRQ�QHWZRUN0HVK�QHWZRUNV
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802.11s Standard

Î 6FRSH�RI�7*V
z/CKP�+FGC
z2WTRQUG�QH�2TQLGEV
z(WVWTG�#OGPFOGPV�1XGTXKGY
z/CKP�5WRRNKGTU
z6GTOU�#PF�&GHKPKVKQPU

Î 'HWDLOV�RQ�IXQFWLRQDO�FDWHJRULHV�UHOHYDQW�WR�������V
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802.11s Main Idea

'LVWULEX
WLRQ�6\V

WHP��'6�

$FFHVV�SRLQW
�$3�

%DVLF�6HUYLFH�6HW��%66�
6LQJOH�&HOO

([WHQWH
G 6HUYLFH�

6HW��(66
�� �0XOWLSOH�&

HOO

:LUHOHVV�'
LVWULEXW

LRQ�6\VW
HP��:'6�



CM/21.02.08/SMS – p17 recherche & développement Groupe France Télécom

802.11s Purpose of Project

Î 3URYLGH�D�PHVK�QHWZRUN�VWDQGDUG�ZLWK�WKH�IROORZLQJ�IHDWXUHV
z/GEJCPKUOU�CV�.C[GT���QT����
z2TQVQEQN�HQT�CWVQ�EQPHKIWTKPI�RCVJU�DGVYGGP�/GUJ�2QKPVU

- OWNVK�JQR�VQRQNQIKGU
- #WVQOCVKE�VQRQNQI[�NGCTPKPI
- 5GNH�*GCNKPI
- 5GNH�EQPHKIWTKPI�CPF�TQWVKPI�
$TQCFECUV�/WNVKECUV�7PKECUV /CE�FGNKXGT[�

z4CFKQ
- 4CFKQ�CYCTGPGUU
- /WNVKRNG�TCFKQU�UWRRQTV�RGT�/GUJ�2QKPVU

z5GEWTKV[ ��$CUGF�QP�������K�QT�CP�'ZVGPUKQP
z3Q5�� ��$CUGF�QP�CP�GZVGPUKQP�QH�������G�VQ�GPCDNG�HNQY�EQPVTQN�QXGT�

OWNVK�JQR�RCVJU
z'PUWTG�UWRRQTV�HQT�KPVGTHCEKPI�YKVJ�JKIJGT�NC[GTU�� ��TF�IGPGTCVKQP
z'PCDNG�KPVGTQRGTCDKNKV[��GZVGPUKDKNKV[
z7R�VQ����/GUJ�2QKPVU

Î 3URMHFW�FRPSOHWLRQ�GDWH�������
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Futur 802.11s Amendment Overview

�������C�D�I�P

/#%�GPJCPEGOGPV�HQT����U�/GUJ
+'''��������/#%

+'''��������2*;

���U�/GUJ�
0GVYQTM�

/GCUWTGOGPV

%QPHKIWTCVKQP�CPF�/CPCIGOGPV

.C[GT���/GUJ�
4QWVKPI�CPF�
(QTYCTFKPI

QoS
(Flow control, 

Admission 
control)

.��U�/GUJ�
5GEWTKV[

+PVGTYQTMKPI

/#%
2*;

7RRGT�
.C[GTU

/GUJ�
5GTXKEGU
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802.11s Main actors

Î ,QWHO�&RUSRUDWLRQ
Î 1RUWHOV 1HWZRUNV
Î &,6&2
Î 0RWRUROD��0HVK�

1HWZRUNV�
Î 8�6�1DYDO�5HVHDUFK

/DERUDWRU\
Î )UDQFH�7HOHFRP�5	'
Î 7KRPVRQ
Î 6DPVXQJ

Î 8QLYHUVLW\ RI�
$DFKHQ��*HUPDQ\�

Î 6LHPHQV
Î %HO$LU 1HWZRUNV
Î 6RQ\
Î )XMLVWX
Î 7URSRV 1HWZRUNV
Î 177�'R&R0R
Î
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Terms And Definitions (1/2)

0HVK
$3

0H
VK

�SR
UWD

O
0HVK
3RLQW

0HVK
3RLQW0HVK

3RLQW

0HVK
3RLQW

0HVK�SRUWDO

0HVK�SRUWDO

0HVK
3RLQW

0HVK�SRUWDO

0HVK
3RLQW

0HVK�SRUWDO

0HVK
3RLQW

0HVK
3RLQW

0HVK
3RLQW

0HVK
$3

:LUHG 1HWZRUN

67$

67$:/$1�0HVK�
�8S�WR����0HVK�3RLQWV�

0HVK�OLQN
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Terms And Definitions (2/2)
Î :/$1�0HVK

z+'''��������DCUGF�9&5�YJKEJ�KU�RCTV�QH�C�&5��EQPUKUVKPI�QH�C�UGV�QH�VYQ
QT�OQTG�/GUJ�2QKPVU�KPVGTEQPPGEVGF�XKC�+'''��������NKPMU�CPF�
EQOOWPKECVKPI�XKC�VJG�9.#0�/GUJ�5GTXKEGU

Î :/$1�0HVK�6HUYLFHV
z5GV�QH�UGTXKEGU�RTQXKFGF�D[�VJG�9.#0�/GUJ�VJCV�UWRRQTV�VJG�EQPVTQN��

OCPCIGOGPV��CPF�QRGTCVKQP�QH�VJG�9.#0�/GUJ
Î 0HVK�3RLQW

z+'''��������EQPHQTOCPV�/#%�CPF�2*;
z9KVJKP 9.#0�/GUJ�CPF�UWRRQTVU�9.#0�/GUJ�5GTXKEGU

Î 0HVK�$3
z/GUJ�2QKPV�VJCV�KU�CNUQ�CP�#EEGUU�2QKPV

Î 0HVK�3RUWDO
z#�RQKPV�CV�YJKEJ�/5&7U 
/#%�5GTXKEG�&CVC�7PKV��GZKV�CPF�GPVGT�C�9.#0�/GUJ�
VQ�CPF�HTQO�QVJGT�RCTVU�QH�C�&5�QT�VQ�CPF�HTQO�C�PQP��������PGVYQTM
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802.11s Outline

Î 6FRSH�RI�7*V

Î 'HWDLOV RQ IXQFWLRQDO FDWHJRULHV�UHOHYDQW�WR�������V
z6QRQNQI[ (QTOCVKQP
z/GCUWTGOGPV CPF�4QWVKPI
z/GFKWO�#EEGUU�%QQTFKPCVKQP
z5GEWTKV[
z+PVGTYQTMKPI
z/QDKNKV[
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Topology Formation

Î 0HVK�3RLQWV��03V��WKDW�DUH�QRW�\HW�PHPEHUV�RI�WKH�PHVK�
PXVW�ILUVW�SHUIRUP�QHLJKERU�GLVFRYHU\

Î 7KH�QRGH�VFDQV�QHLJKERULQJ�QRGHV�WR�ILQG�DW�OHDVW�RQH�
PDWFKLQJ�SURILOH��PHVK�,'��URXWLQJ�SURWRFRO�W\SH��HWF�����
7KH�VFDQQLQJ�FDQ�EH�
z2CUUKXG�UECPPKPI��/2U�NKUVGP�HQT�DGCEQP�HTCOGU�
OGUJ�RTQHKNG�KU�KP�
VJG�DGCEQP��
z#EVKXG�UECPPKPI��/2U�GZEJCPIG�RTQDG�TGSWGUV���RTQDG�TGURQPUG�
HTCOGU�
OGUJ�RTQHKNG�KU�KP�VJG�RTQDG�TGURQPUG��

Î $IWHU�GLVFRYHULQJ�D�PHVK�QHWZRUN��WKH�QHZ�PHVK�SRLQW�
VWDUWV�PXWXDO�DXWKHQWLFDWLRQ�DQG�HVWDEOLVKHV�D�VHFXUH�
SHHU�OLQNV�ZLWK�QHLJKERUV�LQ�WKH�PHVK��VLQFH�LW�VXSSRUWV�
WKH�PHVK�SURILOH�
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Topology Formation

Î (DFK�0HVK�3RLQW�PD\�KDYH�RQH�RU�PRUH�ORJLFDO�UDGLR�
LQWHUIDFH

Î $�8QLILHG�&KDQQHO�*UDSK��8&*��LV�D�VHW�RI�QRGHV�WKDW�DUH�
LQWHUFRQQHFWHG�RQ�WKH�VDPH�FKDQQHO�ZLWKLQ�D�PHVK�
QHWZRUN�
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Network Measurement and Routing

Î 5RXWLQJ�SURWRFRO�FRQVLVWV�LQ�ILQGLQJ�RQ�RSWLPDO�URXWH�LQ�OD\HU����EDVHG�RQ�
0$&�DGGUHVVHV�

Î %DVHG�RQ�WKH�UHVXOWV�RI�0$1(7�:RUNLQJ�*URXS�
Î 7ZR�SURWRFROV�DUH�FRQVLGHUHG

z*9/2 
*[DTKF�9KTGNGUU�/GUJ�2TQVQEQN���VJKU�KU�VJG�FGHCWNV�TQWVKPI�RTQVQEQN�CPF�
VJGTGHQTG�OWUV�DG�KORNGOGPVGF�QP�CNN�PQFGU��+V�KU�VJG�EQODKPCVKQP�QH���RTQVQEQNU��
4/�#1&8�CPF�6TGG�$CUGF�4QWVKPI�RTQVQEQN��

–4/�#1&8�
4CFKQ�/GVTKE�#F�JQE�1P�&GOCPF�8GEVQT��KU�DCUGF�QP�#1&8��7UGF�HQT�C�2�2�/GUJ�4QWVKPI�
–6TGG�$CUGF�4QWVKPI�KU�C�RTQCEVKXG�RTQVQEQN�WUGF�VQ�DWKNF�CPF�OCKPVCKP�C�FKUVCPEG�XGEVQT�TQWVKPI�VTGG�
UVCTVKPI�HTQO�VJG�/22��

z4#�1.54�
4CFKQ�#YCTG�1RVKOK\GF�.KPM�5VCVG�4QWVKPI���6JKU�KU�CP�QRVKQPCN�TQWVKPI
RTQVQEQN��+V�KU�UWKVCDNG�HQT�NQY�OQDKNKV[��+V�KU�DCUGF�QP�1.54�RTQCEVKXG�RTQVQEQN�
FGXGNQRGF�D[�/#0'6��)TQWR�GZVGPFGF�YKVJ�TCFKQ�CYCTG�OGVTKE�WUGF�HQT�FGEKUKQPU�



CM/21.02.08/SMS – p26 recherche & développement Groupe France Télécom

Network Measurement and Routing

Î )RU�WKH�PRPHQW��PRVW�RI�WKH�PDLQ�PHVK�PDQXIDFWXUHUV��1RUWHO��&LVFR��
6WUL[6\VWHPV��0HVK�'\QDPLFV��&ROXPEULV��3UR[LP��0RWRUROD��HWF���KDYH�
GHYHORSHG�WKHLU�RZQ�URXWLQJ�SURWRFRO�E\�DGDSWLQJ�IRU�ZLUHOHVV�H[LVWLQJ�
FRPPRQ�SURWRFROV�OLNH�263)��6SDQQLQJ�7UHH��
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Network Measurement and Routing

Î 0HVK�URXWLQJ�SURWRFROV�XVH�PHVK�QHWZRUN�PHDVXUHPHQWV LQ�
RUGHU�WR�GHWHUPLQH�WKH�EHVW�URXWH��0HDVXUHPHQWV�XVHG�DUH�
z/GUJ�NKPM SWCNKV[

–#KT6KOG 
FGHCWNV����SWCPVKVo FG�TGUUQWTEG�TCFKQ�EQPUQOOoG�NQTU�FG�NC�VTCPUOKUUKQP�F	WPG�
VTCOG�UWT�WP�NKGP�
–&GNC[
–,KVVGT
–6JTQWIJRWV
–&CVC�TCVG�GPEQFKPI
–0QKUG
–504�
5KIPCN�0QKUG�4CVKQ�

z/GUJ�2CVJ 3WCNKV[
– $GUV�RCVJ COQPI RQUUKDNG�RCVJU 
FGRGPFKPI QP�CDQXG ETKVGTKC�

z1VJGT UVCVKUVKEU FGHKPGF D[�������M�
TCFKQ�TGUUQWTEGU�OGCUWTOGPVU��ECP
CPF�UJQWNF DG WUGF HQT�OGUJ�TQWVKPI
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Medium Access

Î 0$&�4R6�HQKDQFHPHQW�LQWURGXFHG�E\�������H��('&$��LV�
XVHG�DV�EDVHOLQH�E\�������V
z/CPFCVQT[�/#%�(WPEVKQPU
z'&%#�RTQRQUGU�WR�VQ���CEEGUU�ECVGIQTKGU��

- 8QKEG�
*KIJGUV�RTKQTKV[�
- 8KFGQ
- $GUV�GHHQTV�
- $CEMITQWPF�
NQYGUV�RTKQTKV[�

Î 2SWLRQDO 0$&�(QKDQFHPHQWV
z/GUJ�&GVGTOKPKUVKE #EEGUU�
/&#�
z4GUGTXCVKQP� DCUGF FGVGTOKPKUVKE OGEJCPKUO
z%QOOQP�%JCPPGN�(TCOGYQTM�
%%(�
z/WNVK� EJCPPGN QRGTCVKQP OGEJCPKUO
z+PVTC� OGUJ�%QPIGUVKQP�%QPVTQN
z2QYGT�/CPCIGOGPV
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Security

Î 6HFXULW\�LQ�������V�:L)L 0HVK�QHWZRUNV�LV�EDVHG�EXLOW�RQ�WRS�RI�
VHFXULW\�PHFKDQLVPV�SURSRVHG�E\�������L�VWDQGDUG��

Î ������L�DOORZV�
z&KUVTKDWVGF�CWVJGPVKECVKQP�
QT�RGTUQPCN�92#����CWVJGPVKECVKQP�QEEWTU�
DGVYGGP�VYQ�PQFGU�WUKPI�2TG�5JCTGF�-G[�
25-��
z %GPVTCNK\GF�CWVJGPVKECVKQP�
QT�92#�'PVGTRTKUG��CWVJGPVKECVKQP�KU�OCPCIGF�
D[�CP�CWVJGPVKECVKQP�UGTXGT�
�����Z��4#&+75�IGPGTCNN[��

Î 7KH�VSHFLILF�IXQFWLRQDOLWLHV�GHYHORSHG�E\�������V�7DVN�*URXS�
DUH�
z/WVWCN�CWVJGPVKECVKQP�DGVYGGP�OGUJ�PQFGU�
z2TQVGEVKQP�QH�OGUJ�OCPCIGOGPV�CPF�EQPVTQN�OGUUCIGU�GZEJCPIGF�DGVYGGP�
/GUJ�PQFGU�
G�I��TQWVKPI�CPF�VQRQNQI[�KPHQTOCVKQP��
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Interworking

Î 6XSSRUW�IRU�LQWHUIDFLQJ�D�:/$1�0HVK�ZLWK�RWKHU�,(((�����
/$1V�XVLQJ������'��%ULGJH�

Î 6XSSRUW�IRU�HIILFLHQW�XWLOL]DWLRQ�RI�PXOWLSOH�0HVK�3RUWDOV�LQ�D�
VLQJOH�:/$1�0HVK

Î 7R�GHOLYHU�SDFNHW�DQG�LI�WKH�GHVWLQDWLRQ�LV�
z+PUKFG�VJG�OGUJ�PGVYQTM��VJG�/2�WUGU�NC[GT���OGUJ�RCVJ�
FKUEQXGT[�HQTYCTFKPI��
z1WVUKFG�VJG�OGUJ�PGVYQTM��VJG�/2�KFGPVKHKGU�VJG�VCTIGV�RQTVCN��CPF�FGNKXGTU�
RCEMGVU��+H�PQ�VCTIGV�RQTVCN�ECP�DG�KFGPVKHKGF��VJG�RCEMGVU�CTG�FGNKXGTGF�VQ�CNN�
OGUJ�RQTVCNU�
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Mobility

Î 1R�VSHFLILF�PRELOLW\�PHFKDQLVP�LV�DQWLFLSDWHG�LQ�WKH�,(((�
������V�JURXS�
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What is the actual situation?

Î ,(((�������V�QRW�\HW�VWDQGDUGL]HG��VFKHGXOHG�IRU�
�����
z&KHHGTGPV�EQPUVTWEVQT�GSWKROGPVU�ECP	V�EQOOWPKECVG�
VQIGVJGT
z'SWKROGPVU�CTG�UVKNN�GZRGPUKXG



recherche & développement

&XUUHQW�GHSOR\PHQWV
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Deployments
Amsterdam

Î 0RUH�WKDQ�����$3�GHSOR\HG
Î 0HVK�VROXWLRQ
Î 2IIHU�VHDPOHVV�URDPLQJ
Î +RWVSRW�$PVWHUGDP�2IIHU �2QOLQH�

3D\PHQW�
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Deployments
Moscow (Golden Telecom avec Nortel Networks)

&RYHUDJH

Î ������$3�GHSOR\HG�

Î ��������KRXVHV�FRYHUHG

7HFKQRORJ\

Î ������E�J��:L)L 0HVK

6HUYLFHV�	�)DUHV

Î a�0ESV�EURDGEDQG�,QWHUQHW�DFFHVV��9R,3��
,QWHUQHW�DFFHVV��ORFDOL]DWLRQ�EDVHG�
VHUYLFHV��

Î ([LVWHQFH�RI�IUHH�DFFHVV�DUHDV
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Deployments
San Francisco
Î ���VTXDUH�NP��FORXG�
Î (DUWK/LQN LV�H[SHFWHG�WR�FKDUJH�DERXW�86����D�PRQWK IRU�DG�IUHH�FRQQHFWLRQV� UXQQLQJ�DW�DURXQG�

�0ESV��ZKLOH�*RRJOH HVVHQWLDOO\�SD\V�(DUWKOLQN IRU�QHWZRUN�DFFHVV�DQG�SURYLGHV�D�IUHH�DFFHVV ZLWK�
D�WKURXJKSXW�XS�WR����.ESV�

Î &LW\�LQIUDVWUXFWXUH�������ODPS�SRVWV��VFKRROV��WRZHUV�DQG�URRI�WRSV�
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Contact

Î $GUHVVH�HPDLO
zUKFKOQJCOOGF�UGPQWEK"QTCPIG�HVITQWR�EQO


