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Mobile IP (1)

« Mobile IPv4 (&§%)
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Mobile IP (2)

« Mobile IPv4 (F—485:%)

CN (Corresponding Node)
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Mobile IP (3)

« Mobile IPv4 (EE&&EFIE)

EZ: +»MN (Mobile Node): #&iHk
 CoA (Care of Address): [UT7FL R (HFEKFENERTAT)
« HA (Home Agent): BEjTIT—I ok
* FA (Foreign Agent): &%t T—2 ok
 CN (Corresponding Node): @{E#F

HERJMATELADGE:

« MN A% FA hvi> CoA #+ 55 (Discovery: Advertisement, DHCP %),
« MN A% HA IZ CoA & #% 9 % (Registration),

« CN D5/ yh% HA Y MN I2hT)LiLERix 35 (Delivery),

* MN &, ZIEENTYRDATEILEZIFEZTT—REZIE,
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Mobile IP (4)

« Route Optimization (ZAEEROE@A T a)

CN (Corresponding Node) HA (Home Agent)
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Mobile IP (5)

e Fast Handover (1) i E
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Mobile IP (6)

e Fast Handover (2) FEEB{E MIP
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MAP: Mobility Anchor Point
AR: Access Router

Regional
Registration




Mobile IP (7)

e Fast Handover (3) /\Y 27U T ENA XX R T4

Buffering (Fast MIP) Bi-casting (Simultaneous Binding)

Ny ROXDOHEIR: HMIP EDHAEHEEREE (CN & MAP [TEE#RZ D)



Mobile IP (8)
« Mobile IPv6 (F—% &%)

CN (Corresponding Node) HA (Home Agent)
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Mobile IP (9)

« Mobile IPv6 (FEZ&&FIE)

IPv4 EDIELN:

FA MEELE : IPv6 Stateless Address Autoconfiguration

Home Address Option: MN [EF{ETTT7FL A% CoA ELTEE
Destination Option: Binding Update &7 —%/\ vk ZEELND
= Route Optimization Z (MIP#53E TlE7%E<) IPv6 &L THHR—

MIPv6 D FII&:

MN A CoA #EW1§9 % (Stateless Address Autoconfiguration),
MN %Y HA [Z CoA Z&$k9 % (MIP Registration),

CN DD /N7y HA Do AT EILEEN T MN 1285,
MN [&. Binding Update Z% &t T. CN [Z/\ryhZEfE,
LIBE.MN & CN (X HAZR ST 2/ yb i R 1(E,
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SIPEEYT1 (2)

e SYKa—)L-EEYF1: Y3 th
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SIPEEYT4 (3)

¢« 1I=—YFILEEYT4
- SIP Location Server
‘I;,JT:' - @ Invite / Client Moved . "';:]T:'

@ VolIP or streaming

. @ Registration
\ (ERTER)
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MIP Mobility vs. SIP Mobility

F#) D BT A (IP 7 KL XR) z—# (SIP URL)
LAY L3 L7
— AR R H Y (MIPv4) 7L
[ 3]
(1) Route Optimization (MIPv4)
(2) MIPV6
N RATZXER | HA ~D 8 6% Location Server -~ &
BEREEA] « 7 R ABSIEE+HA £C | BEER . 7 F L AEFSIELE + Location
D77 RNy TR Server ECOT 7 K MY v 7iEIE
[ 5%]
(1) Hierarchical MIP (localization)
(2) X757 U7 (loss reduction)
(3) N1 F+¥ AT 17 (loss reduction)
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IEEE 802.11

« 802.11e (WiFi Multimedia)



IEEE 802.11

802.11b 802.11a 802.11¢9 802.11n

999) Jupe

« SEERLAN

Standard Approved Sagt, 1999 S, 199 2003 Noyv, 2009
PNz | SEOMEZ | dgIMEz |
Frequency Band of Operation 2,4 Crl4 3 Crl~ 2,4 Gl 2,4/3 Gyl

# Non-Overlapping Channels S 241 S /24

(US)

1l — &0
Data Rate per Channel L= Megs &= 34 Meogs | L= 34 Mogs ‘]'Mb‘;ig
)S)

DSSS, €k,
OFDM,
VIV

DSSSIGCHE

Modulation Type DSSS), CCK OFD)Y OEDN

4ch, 64QAM, 5/6, 40MHz
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Applications and target markets

Transmission characteristics

Application Examples Type Rate Duration/
volume
Audio/Video 1 | HDTV and DV viewing for Constant 27 Mbps Hours
commercial & domestics use (low jitter)
Audio/Video 2 | SDTV viewing for commercial and | Constant 6 Mbps Hours
domestic use (low jitter)
Audio/Video 3 | Video conferencing with VolP Constant 2 Mbps <1hr
(low jitter)
Interactive 1 Interactive gaming, Internet Variable 2 Mbps 1 hr
Browsing, Email
Interactive 2 VolIP, Internet gaming Constant .2 MB/s 1min-1
with hr
intervals
Bulk transfer Flash downloads file transfer, Variable 30 Mbps 10 MB - 10

media transfer

GB




IEEE 802.11 DCF

e DCF: Distributed Coordinated Function

: Time
DIFS ] LQSIFS
_ /l RTS Data |
Source -
{Tx) S e
SIFS =™ SIFS
Destination -
(Rx) -’l DIFS e
Other i
NAV (CTS)
NAV (data)
RTS/CTS/DATA/ACK Defer access Backoft
ey
—
G
. ) RTS: RequestToSend
CTS: ClearToSend
14 » NAV: Network Allocation Vectors

SIFS: Short Inter-Frame Space
DIFS: Distributed Inter-Frame Space



Qo SHkiE

» Service Differentiation

parameter differentiation
(contention window, DIFS, packet

. . DCF |length, etc..)
Single Priority DFS (distributed fair scheduling)
VMAC (virtual MAC)
PCF _ |priority queueing
DCF |EDCA (Enhanced DCF Access)
Multiple Priorities PCE HCCA (HCF Controlled Channel

Access)

\

IEEE 802.11e




IEEE 802.11 EDCF (1)

« EDCF: Enhanced Distributed Coordinated Function
H—ERBIZERLGL/N\VIATHEBDOERTEICKSIERIE

count down when medium

[ is idle for ATFS period
ATFSIACO] [ ——

) Low

AIFS[A.(I‘Z] >l// Priority || frozen

<

ATFSIACY) |/ / /f Medium 1.0 nter frozen

-+ g Priority

SIFS SIFS
Bus High Priority RTS CTS
| 1 [V// fe—fcrs| |
1§ —il e/ Time
I SlotTime
i - - l'l °o— A
defer access Contention Window INTGA—Z D EX TE B
- o = AIFS CW
Category
AC: Access Categories Voice 2 7-15
AIFS: Arbitration Inter-Frame Space Video 2 15-31
CW: Contention Window Best Effort 3 31-1023
Back Ground 7 31-1023



IEEE 802.11 EDCF (2)

¢ %ﬁﬁ“ WME: WiFi Multimedia Extension
. === \ideo Priority (10 Mbit/s)
- W1th WME —— Best Effort Priority (14 Mbit/s)
ﬂ A — Best Effort Priority (14 Mbit/s)
14
1 ““ \ \
+ Prioritized Traffic

10 - ;,
8 _/\..\ ~ ,J\ is maintained

g '(\ s

3| 4 Lower priority

ol o 5 10 15 traffic shares

2 remaining

=

o

s

2 no WME

=

14 —Wﬂm %-.A
12 \\
10 ‘MW-‘“

* All compete,
ot \J Video starved

0 5 10 15 20
Elapse Time (s)

ITU-T Workshop on Home Networking and Home Services, June 2004.
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 RFC 2508: Compressing IP/UDP/RTP Headers
for Low Speed Serial Links
 RFC 3095: Robust Header Compression



(%) TCP/IP Header Compression

RFC 1144

20~60 20~

(e ree 74

T
compressed
header



RFC 2508

IP/UDP/RTP Header Compression

(CRTP)

20~ 8 12

- UDP RTP T—4

T
compressed
header

(COMPRESSED_RTP)
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IP UDP RTP

FULL_HEADER

HEEHE (IRRERIHAL)

COMPRESSED_RTP [E#E (2,81~ ~)
- T [T e
COMPRESSED_UDP i o
- L (RAETHAE)

CONTEXT_STATE

IS5—@HMA (F1—k/\v7)




COMPRESSED RTP

v

CID ® MSB
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v
S

CID ® MSB

S| T/ I

seq

UDP FxvoH L

IP Ah7®IL{E

M1

Tir CC

IPv4 ID DE5H

RTP —HS 2 RFINDED

RTP A4 LRZATDES

CSRC )Xk

MSTI =
-
lorl'=1
SorS'=1
TorT' =1

CID: Context ID I& FULL_HEADER

THEA
M | RTP M-Ewk
S | RTP —45>2RF N

RTP 34 LRZT

IP ANv4 ID TS

‘1111’ D15 E (CSRC A)

40\ A~ =) 2/8 bk~



RFC 3095

ROHC (Robust Header Compression)

« CRTPOXR B

CRTP [F, 3EBEFAVILT VT EHIRD L SGHHRREBEL TS,

= ER) VD EIGRYBOEZDKREVRITEES

= INTYRENERT DL, ELESTERL (RBEFT D) KEA
Hft. Sl /N YREED-UIZ CONTEXT_STATE 7\ vk (R1871E
B3R/ Vb)) hREn Yo o%xEE,

. B

ROHC (Robust Header Compression)

(1) BRIV DBEERRICIGCTEIRIC DIRRE] ZVIUEZ . oLLEY)
BAYE EEFREEGHISERT 55,

(2) [FLHIEEILF—H (2.56/36 #) LD VoIP ZEEL TV =AY, &k
TIL., #i#R LAN £ VoIP (VoWLAN) ~DERFILE S,



ROHC M24—ILER 8

 IP/JUDP/RTP AYSE DEIT4—ILED ISR 4E

INFERED: h® 71— )L HE AR BEZL{E
(f5: RAIA—FK) -
i i : &
STATIC: £y armIzEiELALME —l——
(5l IN—30FBF) DESTINATION ADDRESS
SOURCE PORT DESTINATION PORT ED-
STATIC-DEF: /Xy bEE Static 74—ILF : 5
(IP PRLREHR—FER) 5024 BRI ay
¥ o St e .-;./ B
. . . f‘f"f‘f"f"f‘f"f“f"f‘f"‘f“f’i?@*?ﬂ‘fflﬁf"f*’f'r,r,r,f:f,f,f,f ,,,,, 1 E
STATIC-KNOWN: @A E Static 74—ILF  p——— S ~
CHANGING: &‘E%(:g{"t_d_é Dynamic 7'(_”/[: : DATA :
| |
Bl: o=V RF YN AL LRIVT  MEYRE) Lo mmm oo o oo |
not classified a priori [ 1 static fields
rarely changing B static known fields

static or semistatic changing [T inferred

alternating changing

S.Rein et al: “Voice Quality Evaluation for Wireless Transmission with ROHC”, June 2003.



ROHC MDREER (1)

- ZEROREER - ZEROKREER

SUCCESS

// ,\\ SUCCESV_\'
BIERRIZHCTER
B RS

FAILURES FAILURES
IR: Initialization & Refresh (#1Hi1k) NC: No Context (#]£i1t)
= FARTDIT4—ILNERZEE = BEA~VTREHRAEL
FO: First Order (%) SC: Static Context (B#%)
= Dynamic 74—ILEDHEH = Dynamic F4—I/LEDEFHIWBE
SO: Second Order (&£3E) FC: Full Context (&)

= wINITA—ILFDHEF = FTRTDIT4—ILREREZELIES



ROHC OREERE (2)

c MEE—FDER  XEADORELEE—FDERE

Unidirectional Unidirectional mode

7/ @

AN

ZEENSD T4 —FR/\VI(ZIGCTER
/) (=)
. \_ J

Optimistic Reliable
mode < mode /:/ b\\4

4 N O I
Unidirectional mode
=yl a Bkl & FAREY Iy RN — RN
Optimistic mode 2 Z
o mAREyS Ay EBMET—Rvs |\ PN /
Optimistic mode Reliable mode

Reliable mode
= mMARTEYI Ay, BBHET—R/\vD




ROHCOA YA [E 5

* HI1—ILFEDEMES T ETRICEIFSIE

BIA—ILEDBYSBEDHITIZEDE, TESRY . BEIZHSIELI-E (B8
{E) MBI74—ILREZF Al (BBRMIS/NTYE AT TEIIEH), EF BRI
EIET DG E X FRRDAXITK - THFIERIT,

Window based LSB encoding:

T4—ILEDBRYSBEDL U DICIHLTHERATHE VRERSD (LSB encoding).
BEIZHFESEL-EHEOENSEIMIZOAVR9ZEHL, D1V FHRR/IME
[ZX g 54T yMEELTEEIT —ILNEEXF S,

Self describing variable length value:
ScEEEwh%E 0. 10, 110, 111 OWWFMITT HIETHREILE VI EEREEL (B
[27.14,21,.29 EVR) EET1—ILMEZFBLELEHELTHREIE,



ROHCRD I\ vk 24— Yk

e NREE | ETE—FIIZIELCT, ERBICZEDI T INL(T 12 EE

. B

1 byte
Add-CID - CID: #HAE R IZBENES N BEAIID
I \;A
base header base header: /Ny 24T DHFNE, 1\ vbk

R4 TIZIS LT dynamic 74— LR QB FHHE A

extended header: /N yh 24T (2 CTEM
SNBEAYS

extended header

RTPT—%




ROHC® 5T

o Ny ORE c N—RFEEDHDH

Header compression algorithms with HOLC as link laver HOLC, BER: ID_3
1o T T T T T T T T T T T T T T T o0 T T T T
... —e—  CRTP oo P T S P S S S : P
—+— ROCCO : : = A ROCCO
IDEAL HC | @ N E = T CRTP
Y _ _ IR L S . [ : : : B ; : : : : ; - - i
. AP A DU NP UM O DAk SN |
-7 AN P A A5 TN P S 0% S T AN :
g :
& .
& .
woeli UC L. O P AP SO S
g : :
3 :
o .
-y A B Tt O O [ S PP I A Seees
ot T O e T P food
] SRR N 1 VTR TR L A ) P A S e
B I SIS DU A NN S I GURR -l Lhniiicacnadanid b ol e
° : ﬂ B ﬂ il .
-5 -4 -3 -2 1 2 E + 5 13 ? g a 10 1 12 13 H 15
10 10 10 10 cufive packets losi
Bit ervor rute

18 EvhT5—& (BER) 1aEh: /b OERREER
fEEd: /N ybOXE (PER) fikEh : S8

= ROHC & CRTP &Y LBBEEITELRDFEL = ROHC (& CRTP £UHB/N—RMEEM DAL

L.E.Jonsson et al: “Header Compression for IP-Telephony over Cellular Links”, July 1999.
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1. Split Connection

CN

Wired
BS |
Internet e e eeeeser s aneanans

regular TCP wireless TCP

BRIV LDIEETIS—Z2HRI)7ITEIRLGN

Eihf5 (BS) DR KREL
TCPOIVRIVRERUTAVRERT
EEEEN=IP/ Sy ETRZ L



2. Proxy
Local

CN

. Retransmission
Wired g [rrr—— -
Internet T eeeeeeesseaseaseaasensenenn,

end-to-end TCP

BV LTRATMICEEZT S (Alar72 30 TEHEN)

S (BS) DARAKEL

EEEEN=IP/ Sy ETRZ L



3. LDA (Loss Differentiation)

» Spike7IJLOUX L
— R ARYGEEEERMIC&K > TEREBEBNE S ZH 5

A Tott
max —

congestion loss

Bspikestart----------- N A
Bspikeend ---------------------------- S
. ‘o .~ wireless loss
min |— ~-
]
0 ¢

time



4. TCP Vegas ()

s TCP-Reno DEIEA:
WMEICN\TYINREEZRASE TRBRIL—TYINEIES,
INTYRREFZRBIILZITNIERIL—TYrIE2EEABIET,

« SHURNIYTBE (RTT) [TEILSLEFSEE:

diff = cwnd _ cwnd FTYRT—=ORN\YI7FDOREFELY
RTT _min RTT _current (REIZLET AVE)
/ N\
BRREEFEL— ERDEEFEL—F

cwnd +1 (diff <)
cwnd = { cwnd (otherwise) *“Jl*l?ffglﬁl_l':‘;i;wﬁﬁﬁiﬁ
cwnd -1 (diff > p) RIS &SI
—EHRE (RTT) 812 cwnd DIEZEH

« SHVRMN)YTEBE (RTT) [CEIKRAO—RF—}:



FAST TCP

FASTO O« ROEH R

cwnd =min< 2-cwnd, (1—-y)-cwnd + y - M-c:wnd +a
RTT (t)

|

E\?&)—CJ:S%T:L\/\Ob"‘JI‘ﬂ @ RTT (t) = R-I-Tmin + q(t)

\ x(t) = cwnd *RTT (t)
cwnd =cwnd + 7 - (a — x(t) - q(t))
N N

\

rate queuing delay
J

Y
ER(ZBrED/ Ny

Vegas® Fll &k IH V. 1,0, +1
1 .
d=cwnd +——. —x(t)-q(t
cwnd = cwn +RTT sign(a — x(t)-q(t))



INTVY)YRTCP

4B DB
I cwnd .., =cwnd, . +1/cwnd
[ CWNU g, + B CWNd g, (if diff <o)
< Cwndg,,, =4 cwndg,,, —r/cwndy,,, (if diff > )
cwnd g, (otherwise)
cwnd,,, = max(cwnd ., cwnd,,, )

loss

} 1
Reno 4 \Z
delay




LR

Throughput (Mbps)

i iE100Mb/s
RTT = 40ms
BdoO—@/\ryhbOXER. RIDReno7O—LEEEHED
RAIL—TyhEH INTYRORE - )L —TyMNEHE
100 B-Reno
20 < Fast
m -5~ Hybrid
2 60
2 g% \\i
§. 40
£ E\& %
o
< 20
= Eﬂ\sﬂ%@
0 1 1 1 - 0 1 1 1
6 5 -4 -3 -2 - 6 -5 -4 -3 -2 -
Packet Loss Rate (10°n) Packet Loss Rate (107n)
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