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Introduction

m WiFi-Direct is a new operation mode in Wi-Fi
networks
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WiI-Fi Direct applications

| Server

0
(Station + AP)

\'\ D + File exchange between smartphones

Client - WiFi-Direct based Device-fo-device
(Station) fransmission in dense wireless networks

Client
(Station)



Group formation

Listen,
Search phase
alternating

Group
Owner
negotiation

Provisioning
Phase 1 and 2

Discovery Phase

Group formation Phase

m 3 Cases
® Standard
® Autonomous
m Persistent
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GO Negotiation

m Device declaring the highest GO Intent value becomes P2P GO

P2P Device P2P Device

GO Negotiation Request
[Group Owner Intent, Operating Channel attributes,
Device Password 1D attributes, ...]

GO Negotiation Response
[Group Owner Intent, Operating Channel attributes,
Device Password 1D attributes, ...]

GO Negotiation Confirmation
[Status, Operating Channel attributes, ...]




802.11 In INET Framework

m 802.11 network interface card
m Radio
m Physical layer
= MAC
m CSMA/CA
= Management
m Encapsulation/decapsulation
= 802.11 mode configuration
m Stafion (STA) or Access Point (AP)
" Adhoc mode
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WIFI-Direct implementation (1)

= _../inet/linklayer/ieee80211/mgmt  —
u Modlfled @IeeeSOleNic
m |eeeB8021 IMgmtFrame.msg
m |eeeB8021 IMgmtBase.cc
m leee8021 IMgmtBase.h
= New
® |[eee8021 TMgmtSTAWIfiDirect.cc

agent

m |eeeB8021 TMgmtSTAWIfiDirect.h
= leee8021 IMgmtSTAWIfiDirect.ned [ :
m _../inet/linklayer/ieee8021 1 -
@,

= leee80211Nic.ned o




WiFI-Direct | fation (2
Scan
Scan
Probe Request
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P2P Device P2P Group Owner
Probe Request
< ---------------
Probe Request
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Probi Request Beacon
. - probe Request |
. Find Phase e > Beacon .
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Search - Probe Request
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o N S Probe Response
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Probe Request S -
9 . | [ Joining
3] Probe Response Provision Discovery Request frame
o . Provision Discovery Response frame
GO Negotiation GO Negotiation <
GO negotiation Request
GO negotiation Response .
¢ — : [ Provisioning (1 & 2) ]
GO negotiation Confirmation
" N= NPhase1 + NPhase2
L s & X Authentication frames exchange
Provisioning (1 & 2) Provisioning (1 & 2)
Client GO
" N= NPhase1 + NPhase2
Authentication frames exchange
Client GO

Group formation Group joining



Validation tests

= Topology
m 3 WiFi-Direct hosts

m Scenario 1 : Standard group formation
= Stations start scanning
® Finding a peer
m GO negotiation between 2 peers
m One becomes GO
= The other becomes client
m GO starts sending Beacon messages
= The 3@ station joins the group
m  Ping for connectivity test

m Scenario 2: Autonomous group formation
m GO is assigned by configuration in the .ini file
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m  After scanning to detect the presence of GO, other hosts join the group

m  Ping for connectivity test




Scenario 1 : Standard group
formation (1)

m Discovery Phase

T#420@432
ACK
b83 T#405  #418419 T#422 \ACK T$#434
Probe Response i
\ 1 2 3 4 5 6 7 8 9 10
#404 | #408 3#420 | 3#428425 #4333 Experience number
b 333ns 564ps| 7s 357ms 240us 7s 357nm7s 357ms 916us7s 357ms ¢

host[0] and host[1] discovers each other Discovery time measurement



Scenario 1 : Standard group

formation (2)

m GO Negofiation

1#288 6.40348094346 st[1
host[1] -
#301 6.40379541519 host[0] -
host[0] -
[#316 6.40414941519 host[0] -
host[0]
1#329 6.40446388692 host[1] -
host[1] -
[#374 6.405726554048 host[1] -
host[1]
1#386 6.406041025778 host[0] -
host[0]
#4114 6.431719516371 host[1] -
host[1] -

> host[0]
> host[2]
> host[1]
> host[2]
> host[1]
> host[2]
> host[0]
> host[2]
> host[0]
> host[2]
> host[1]
-> host[2]
> host[0]
> host[2]

GO Negotiation
GO Negotiation
ACK

ACK

GO Negotiation
GO Negotiation
ACK

ACK o
GO Negotiation
GO Negotiation
ACK

ACK

Beacon

Beacon

Request Frame
Request Frame

Response Frame
Response Frame

Confirmation Frame
Confirmation Frame

+ After the Negotiation phase,
host[1] becomes GO.

® Provisioning phase

host[O]

2S5 #F113FH1139F1143 #11S3 #1161

H1168 #H117FH1180#F1187

Provision discove

Response

host[1]
#1140 #1EaB151 #1166 ACKS€3:1181 321
Provision Reques
ACK
Provision Requekt Provision discover}y ReAgdhse
host[2

F#1128 #1138 F#1152 #1159

HF1167 #1171 #1179

+231ms 770usl900us +232ms 250 +232ms SOOus
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Scenario 1 : Standard group

formation (3)

m Group joining & connectivity test

__________________________ nostill_-->_hostlZl __ __ _Beacon_ ___ _|
#2362~ ~9.548813502304 host[0] --> host[1] ping9 !
""""""""""""""" THosSTIOT =5 hostl2I =~~~ pingy ~~~ "~
#2375 9,549495974034 host[1] --> host[0] ACK
host[1] --> host[2] ACK
#2390 _ _9.549949974034 __ __ ____ host[1] --> host[®] ____ pingd _____ _
host[1] --> host[2] ping9 :
#2407~ 79.550632307598° " """ 7 Thost2T -~ host1or -~~~ 7 AR~ ~7"7777 -
host[2] --> host[1] ACK
#2422 _ _9.551066307598_ _ _ _ _____ host (2] _-->_host[0] _____ ping9-reply _|
__________________________ host[2] --> host[1] ~___ ping9-reply |
#243 9.551748641162 "host[1] --> hostlol ACK
__________________________ host(1]_-->_host[2] ____ _ACK_______|
#2450  9.552122641162 host[1 > host[0] ping9-reply |,
""""""""""""" TosE[1T =5 host12] ~~ " " pingd-reply |
#2465 9.552805112892 host[0] --> host[1] ACK
__________________________ host[0] _-->_host[2]____ ACK_______|
#2493 _ 9.592844616388 | host[1l] --> host[0] ____ ping9 ____ | i
host([1 host[2] p1ng9
#2510 9.593527088118 host [0 > host[1] ACK
host[0] --> host[2] ACK
#2525 ~ ~0.503061088118 host[0]) -->"host[1] ~ ping9-reply ||
“““““““““““““ fost(e] ~=5 host{2] ~~~ ~ pingy-reply T
#2540 9.594643559848 host[1] --> host[0] ACK
host[1] --> host[2] ACK
#2561 9.631719516371 host[1] --> host[0] Beacon

host[2] joins the group

When host[0] sends a Ping

to host[2], host[1] plays the
role of Access Point and
relays the message.

When host[1] sends a Ping to
host[0], the communication is
direct.
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Scenario 2 : Autonomous
group formation (1)

m host[O] is configured to be GO of the group in the .ini file

# ping app host[@] pinged by Host[1]
** _numPingApps = 1
*.host[1].pingApp[0].destAddr
*.host[1].pingApp[0@].sendInterval
# ping app host[1] pinged by host[2]
*.host[2].pingApp[0].destAddr "host[1]"
*.host[2].pingApp[0].sendInterval 1s
#Configure the P2P Group

-

"host[O]"
1s

.host[0]

.wlanl0]

.mgmt . WiFiDirectUsed=true

.host[0]

.wlan[0]

.mgmt

.WiFiDirectGO=true

>

.host[0]

.host[1]
.host[1]
.host[1]

.host[2].
.host[2].
.host[2].

.wlanl0O]

.wlan[0]
.wlan[0]
.wlan[0]

wlan[0]
wlan[0]
wlan[0]

.mgmt
.mgmt.
.mgmt.

.mgmt.

.mgmt.
.mgmt
.mgmt.

strGroup="Groupe Wit1i Direct”

WiFiDirectUsed=true

.WiFiDirectGO=false

strGroup="Groupe Wifi Direct"”

.WiFiDirectUsed=true

WiFiDirectGO=false
strGroup="Groupe Wifi Direct"”




Scenario 2 : Autonomous
group formation

® When host[2] pings host[1], the GO (host[0])
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Conclusion

m WiFi-Direct is a new communication mode for
802.11 networks and widely used by smartphones
or tablets

= We have implemented the WiFi-Direct protocol in
the INET framework of OMNeT++ following the
Technical Standard Specification defined by Wi-Fi
Alliance

® This implementation can be used for research on
protocol design and performance evaluation of
WiFi-Direct based networks (e.g. Device-to-
Device dense wireless networks)



Thank you !
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