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Agenda

¢ Spread Spectrum (Multipath, interferences from other cells)
* W-CDMA
¢ Evolutions of PCS

¢ ALL IP Challenges
* Mobile IP/Cellular IP
* QoS Provisions: Integrated Service / DiffServ

+ Next Week (Mobile IP)
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Reading

¢ [Kohno95]Ryuji Kohno, Reuven Meidan,

and Laurence B. Milstein Spread
Spectrum Access Methods for Wireless
Communications, IEEE Communication
Magazine, 1995

[Dahlman98]Erick Dahlman, Bjorn
Gudmundson, Mat Nilsson and Johan
Skold, UMTS/IMT-2000 Based on
Wideband CDMA, IEEE Communication
Magazine 1998

[Ojanpera98] T. OJanpera, R. Prasad,
“An Overview of Third-Generation
Wireless Personal Communications: An
European Perspective, IEEE Personal
Communication Magazine 1998
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Code Division, Spread Spectrum

What is Going to Happen
in CDMA?
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CSF
Direct Sequence Cellular

¢ DS spread spectrum signals are generated by
linear modulation with wideband PN sequences
which are assigned to individual users

¢ Universal Frequency Reuse: One-cell frequency
reuse pattern

¢ |ntroduction of a new cell will be less restricted
than in the case of either FDMA or TDMA

¢ (FDD) Frequency Division Duplex Operation: One
frequency band is used for the base-to-mobile
(forward or down link), one frequency band is used
for the mobile-to-base link (the reverse link or
uplink)

Idealized grid of
Hexagonal cells
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Power Control (Reverse Link) v

¢ Reverse Link: asynchronous, asynchronous CDMA system is vulnerable to the
“near-far” problem

¢ Power Control: minimize consumption of the transmitted power, fast enough to
compensate for Rayleigh fading

¢ Capacity is bounded by number of users (MAI Multiple Access interferences)

Everybody has a
Code (PN),
asynchronous
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Power Control (Forward Link) v

¢ Forward Link: the users can be orthogonalized, (however, the
orthogonalization is not preserved between different paths of the multipath
propagation, nor is it preserved between the forward links of different cells)

¢ Power Control: Since the cell’'s signals can be received at the mobile with
equal power, the forward link does not suffer from near-far problem

¢ Cell boundary

Everybody has a
Code (PN)
synchronous

Wireless & Multimedia Network Laboratory™
Multimeslia



B |
CSE

Cellular Capacity

¢ Capacity of the reverse link
(typically asynchronous link)
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Radio Resource Management

¢ Power as the common resource makes W-CDMA very flexible
° Link improvement, less power, more capacity

¢ Orthogonal variable spreading factor (OVSF) for variable bit rate
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Call Admission Control

voice user

data user

Optional QOS requirements

Optimal Power Control
Call Admission Control
Re-negotiation Mechanism

QOS requirements

Wireless & Multimedia Network Laboratory™

CSFE

Muttimediia



CSFE

Soft Handovers (Macro Diversity)
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Softer Handovers (Space Diversity)

N
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Power Control (Open & Close Loop)

N
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CSF
Close-Loop Power Control

¢ Compensates a fading channe(1500 times per second)
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UMTS/IMT-2000
Based on Wideband CDMA

What is going to happen for WCDMA
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Application Support in UMTS

¢ UMTS (Universal Mobile Telecommunication System)
¢ UTRA (UMTS Terrestrial Radio Access)

¢ Support:
* 384 kb/s for wide-area coverage
* 2 Mb/s for local coverage

¢ Multimedia Applications Requirements
* Packet-oriented
* Variable bit rate
* Network resources can be available on a shared basis
° E, /N,
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Access to people
(voice, video)

GPRS/EDGE
¢ 115 kbit/s wide area
» 384 kbit/s local area

(e =P )
GSM/UMTS
Core network
Armrrm«—/ \-—- lu-interface
GSM UMTS
access access

posiah. X

Access to people and information
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Access to
information and people
(data, multimedia)

WCDMA
e 384 kbit/s wide area
¢ 2 Mbit/s local area
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RS Spectrum Allocation

Colar designation
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Wireless Mobile Interface
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Base
station

Airinterface

—-
Ainterface/
|, interface

Base station
contraller

Metwork-to-network

Ciore
network

Ainterface/
l,, interface

intertace

¥

Core
netwwork

Wireless & Multimedia Network Laboratory™

M Figure 4. Wireless mobile system interface definition.
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Elements of UMTS Architecture
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Modular IMT-2000 Harmonization

Paired spectrum

O (Terrestrial Component)

IMT-DS IMT-MC IMT-5C
W-CDMA CDMAZ2000 UWC-136
{(UTRA FDD) Multi- Carrier
Direct Carrier Single
Spread

LN B

Flexible connection between radio modules
and core networks based on operator needs

Core Networks

Inter-Network Network-to-
Roaming Network Interfaces
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Key W _CDMA Features

¢ Performance Improvements
* Capacity Improvements (3 dB, 384 kb/s, 1.9 Mb/s, 130 users)
* Coverage and Link Budget Improvements (reuse GSM cell, 144 kb/s)

¢ Service Flexibility

* Support of a wide range of services with maximum rate of 2 Mb/s, the
possibility for multiple parallel services on one connection

* A fast and efficient packet-access scheme

¢ Operator Flexibility
* Support of asynchronous inter-base-station operation
* Efficient support of different deployment scenarios, HCS, hot-sport

* Support of evolutionary technologies such as adaptive antenna arrays and
multi-user detection

* A TDD mode designed for efficient operation in uncoordinated
environment
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Multiplexing variable bit rate users
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. CSF
An example of two-tier cellular system
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Handoff
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Transport of the channel
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About 3G

¢ Organization :

* 3GPP (3rd Generation Partnership Project) x&

* 3GPP2 is the standardization group for IS-95 (CDM£.,

¢ IMT-2000 (International Mobile Telephony 2000)
* global standard proposed by the ITU

¢ IMT-2000 3G standards :
* TD-SCDMA
* CDMA2000
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Development : 2G to 3G
p :
e
Evolution of 3G
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& I TDMA (15-41) f Future
& CDPD 5 MHzZ | ..wWCDMATDD| 2 Mby's wireless
bl T L il & irh-
= 43.2 kbys St WCDMA Hggﬁﬂmied
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(15-41) 1X 1XEV - DV, phase| 5.4 Mhbys
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* \Wideband CDMA

WCDMA

Power T

CSFE

Variable bit
rate user

Frequency ™\

4.4 - 5.0 MHZN S

High bit
rate user

B

10 msec ;rame

Time

DS-CDMA
Use spreading factors 4 - 512 to spread the base band data over ~5MHz
band.
Multiple access method DS-CDMA (Direct-Sequence - CDMA)
Duplex method FDD/TDD
Chip rate 3.84 Mcps
Frame length 10 msec

Base station frequency

Asynchronous operation

Service multiplexing

Multiple services with different quality of
service requirements multiplexed on one
connection

Multi-rate concept

Variable spreading factor and multi-code

Wirelessp
Multime:iia
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UMTS/WCDMA Features

¢ Speed :

* UMTS 384Kbps up to 2Mbps
¢ Bands:

* Asia & Europe 2100MHz North America 800 & 1900MHz
¢ Applications :

* Email, internet, fax, music, image, video...etc
¢ Global Access :

* Users can move between GSM, GPRS and UMTS coverage areas without
dropping connections or losing access to their network.
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UMTS Architecture
¢ Core Network : Connection with External Networks
¢ UTRAN : Functions about Radio
¢ UE : communication between air interface and users.
| mes| 5
N MSC/VLR [Av 1.-
| | Sp D
E 'Gs _ JHLR
: L Nee |
—TiPs BG SGSN G GGSN 1,h.
: E - -, Extema]
_______________________ N QlictwoTkS
UTRAH+ Core Network
(UMTS Terrestrial RAN)
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First Step of HSPA - HSDPA

* WCDMA R5 R4 REN _
* Proposed by 3GPP on 2001 S a1~ ncke
* HSDPA Technique

* HSDPA — impreved downlink "+ Enhanced uplink — improved uplink )

packet data support packet data support
- Reduced delays - Reduced delays
- 14 Mbys gpeak data rate - 5.76 Mb/s peak data rate
- —3 x R99 capacity - —2 x R99 capacity
o e

* MEMS — multimedia broadcast
multicast sefvices
- Introduction of (true) broadcast
services {"mobile TV")

Advancements in data transmission have

X 3 HSDPA (High Speed DOWnlink Packet Access) resulted in per second increases 10,000 fold

* Data rate 3Mbps up to 14Mbps :

* 3 times Capacity .

Diata 5 4

* Backward compatible with WCDMA R
Wireless & Multimedia Network Laboratory™
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Enhanced WCDMA - 3.5G HSDPA

¢ Defined in 3GPP Release 5.
¢ Higher data rate : 2Mbps~14Mbps

Wireless & Multimedia Network Laboratory™
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HSDPA Characteristic

¢ New Transport Channel
* HS-DSCH
¢ Short TTI
° 2ms
¢ AMC
* Modulation :
QPSK(2bits/symbol)
16QAM(4bits/symbol)
* Channelized code 1~15
¢+ HARQ
* SAW HARQ (simplest and little overhead)
¢ Fast Scheduling
* Do packet Scheduling and retransmission in Node B

Wireless & Multimedia Network Laboratory™
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MAGC Architecture

¢ UTRAN Side MAC entity is similar to the UE side except that there
will be one MAC-d for each UE.

PCCH BCCH CCCH CTCH SHCCH MAC Control DCCH DTCH DTCH
SN N N N N 1
UE Side MA T T T
Architecture
MAC-d
MAC-hs
MAC-c/sh
1 T
] 1
] 1
1 1 L
]
: : T | |
HSl-DSCH HS-DSCH 1 PCH FACH FACH RACH USCH USCH DSCH DSCH \ PCH DCH
Associated Downlink Associated Upt DD onhy (D ey

Signalling Signalling

common channel dedicated channel
Wireless & Multimedia Network Laboratory™
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SF and Modulation

¢ QPSK can show 2 bits per symbol, and 16QAM can show 4
bits per symbol. ) 0

1%’\”“ l[lll. l[fl[]‘l-I [].D[Il .U[Ill
1010 1000 oooo 0010
L] L] o L]
|
L ] L ] L L]
II\KJM 1110 1100 o100 0110

o _» .
0PSK un® 1me? | i %
160AM

¢ Channelization code at a fixed SF = 16.

C 16,0

FPhysical channels (codes) to which H5-DSCH is mapped CPICH, etc

Wireless & Multimedia Network Laboratory™
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HS-PDSCH

¢ HS-PDSCH carries the data traffic in terms of MAC-hs PDU.
* Fixed SF=16; up to 15 parallel channels
* 14Mbps = 960 x 15 ~= 14400 kbps

Data
M gara bits
<+ : , >
Tao = 2560 chips, Mx160 bits
QPSK: M=2
f | 160AM: M=4
~— 5 OPCCH: CG ~IJ' Q
HS-SCCH: DL Transfer Information s &;:ﬁl
H5-D5CH: Data Tronsfer  ——— r,,g“ Slot #0 SlotE] Slot #2
"'— HS-DPCCH: ACES/MNACK Efj‘?::i 1
—_ | subframe: Ty= 2ms
Slot format #i Channel Channel SF Bits/ HS- Myata
Bit Rate Symbol DSCH
(kbps) Rate (ksps) subframe
D(QPSK) 480 240 16 960 320
1{(16CANM) ge0 240 16 1920 G40

Wireless & Multimedia Network Laboratory™
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(cal).
* Fixed SF=256.

Cell 1
= Serving
HS-DSCH cell

HS-DPCCH

¢ HS-DPCCH feedbacks ACK/NACK and channel quality information

CSFE

| Bit Information 5 Bit Information
- —p - - B
T got = 2560 chips 2 » Tag = 3120 chips
HARQ-ACK \
Q Col
I
> >
One HS-DPCCH subtrame (2 ms)
Subtrame #0 Subtrame #i Subframe #4
5 B

One radio tframe = 10 ms

Wireless & Multimedia Network Laboratory™
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¢ Fixed SF=128 : UE can monitor up to

HS-SCCH

4 HS-SCCH simultaneously.
¢ HS-SCCH signals the configuration to be

used next.
ChCodeSet ModS TB size Harg Pr RCVY Mew D CRC
7 bits 1 bit 6 bits 3 bits 3 bits 1 bit 16 bits
Part 1, encoded into 40 bits A Part 2. encoded into 80 bits
II|II I
| |
'L I'|I J-"II | Subframe Tr=2 ms h||
| Slot #0 Slot #1 Slot #2
_'_'_'_'_,_,-o-'-""'_'_""_'- _""-\___\_""-\-h._\__\_\_\_\_\_\-\-\-\-\-\_
f-ﬁ e
_o—'-'-'-'-'-'-'-'-'-'-'_
Data
Nd ata b]tS
- Taw= 2056 chips, 40 bits o

Wireless & Multimedia Network Laboratory™
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DCH, DSCH and HS-DSCH

Feature

Variable SF

Fast power control

Modulation

HARQ

Multi-Code operation

Mac Processing

Yes (4 ~ 512)

Yes

QPSK

No

10 to 80 ms

Yes (up to 6)

RNC

Yes (4 ~ 256)

Yes

QPSK

No

10 or 20 ms

Yes (up to 6)

RNC

HS-DSCH

No
Adaptive using QPSK
,16QAM
Yes
2ms

Yes (extended to 15)

Node B

Wireless & Multimedia Network Laboratory™
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CQI (Channel Quality Indicator)

¢ Estimate the channel quality from CPICH and feedback CQI via
HS-DPCCH cyclically. (In Spec25.331 k = 0,2,4,8,10,20,40,80,160)
¢ Delay and error of bits affect the accuracy of estimation.

. 0 SNR <= —16
SNR .
Col = Lﬂ"’ +]6.62J —16< SNR < 14

1 Bit Information 5 Bit Information

.

A

b
T = 2560 chips 2% Tyoe = 5120 chips

HARQ-ACK

cq:;h]

"

<l
-

One HS-DPCCH subframe (2 ms)

Subtrame #0 Subframe #i

Subframe #4

<l
= One radio frame = 10 ms

Wireless & Multimedia Network Laboratory™
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UE Category

¢ (Classify the UE category base on the capability of UE.

CSFE

Total # of

Category Codes Inter-TT1 TB Size Soft Bits Modulation  Data Rate
1 5 3 7300 19200 QPSK/T6QAM 1.2 Mbps
2 5 3 7300 28800 QPSK/T6QAM 1.2 Mbps
3 5 2 7300 28800 QPSK/T6QAM 1.8 Mbps
4 5 2 7300 38400 QPSK/T6QAM 1.8 Mbps
5 5 ] 7300 57600 QPSK/T6QAM 3.6 Mbps
6 5 ] 7300 47200 QPSK/T6QAM 3.6 Mbps
7 10 ] 14600 115200 QPSK/T6QAM 7.2 Mbps
8 10 ] 14600 134400 QPSK/T6QAM 7.2 Mbps
9 15 ] 20432 172800 QPSK/T6QAM 10.2 Mbps
10 15 ] 28776 172800 QPSK/T6QAM 14.4 Mbps
1 5 2 3650 14400 QPSK only 0.9 Mbps
12 5 1 3650 QPSK only 1.8 Mbps

Wireless & Multimedia Network Laboratory™
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UE Category 1~6 CQI table

COl valug| granshort | BUPher & o dutation ﬁ?ﬂw N
0. IS, out of range .
ik 137, iy QPSk . o se00. 0.
G 173, 1 QPSK . o
3 233 15 QPSk . U
4., 7. 1., QPSk . o
5, 377 1., QPSK . o
.. 461 1ia QPSK ., o
T B50.. 25 QPSK .. U
8. 792, 23 QPSk . o
a. 93 . 7 GPSK o
10., 1262, 3 QPSK . o
i 1483 3. QPSK., o
12, 1742, 3. QPSK . o

-

-
20, SHET . 5, 168N . o
il B554 . 5, 16-GM .
22, 716G 5, 16-CM . .
23, T16E.. 5, 165G Ta
24, 7164, 5, 168 -2
25, 716G 5, 168N . -3
2 . 7168, 5, 16-GM -4
27 716G 5, 16-CM . =R
28, T16E.. 5, 165G =
29, 7164, 5, 168 -
3., 716G 5, 16-8M . -8

2100 MHz——

1800 MHz




Scheduling based on User Channel <%
Quality (CQl),IEEE Network 2007

Ri(Oa

Channel quality Ea
/ Scheduling

U E%) Channel?iw/ F
Channel quality

—  ——
~UE; UE3 ' UE3 UEq UE; ' Served
Time UE

UE; 2

©
v
UE;
Wireless & Multimedia Network Laboratory™
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Round Robin vs. Proportional Fair 5%
Scheduler

Cell Throughput with PedA-3k fading and 2 users

Mac Layer Throughput (kbps)
=

e
Channel Quality Indicator (CQl)

| == Round Robin [Pe0a-3K] =k=FFS iPech 34 |

Fig. 1. Performance comparison between Proportional Fair Scheduler
and Round Robin in lab, in a low mobility scenario (Ped A)

Wireless & Multimedia Network Laboratory™
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Scheduling from RNC to Basestation 5%
(Node B)

RLC

MAC
MAC-hs

PHY

Wireless & Multimedia Network Laboratory™
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Packet Scheduler Model in HSDPA

MAC
U sery

Sc~—  , T+— Packet
IP packets scheduler
_PDUs )
Wireless & Multimedia Network Laboratory™ Wirelessp



Performance of HSDPA, IEEE VTJ 2007

N
o

g
=

e
w

Average throughput [Mbps]

—
o
]

o
3]

0'(?5 0 5 10 15 20 25

Average HS-DSCH SINR [dB]

Fig. 5. Single-user HSDPA throughput as a function of the average
HS-DSCH SINR.
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B |
CSF
DCH vs HSPDA

1400

Cell Throughput [kbps]
3 2
(=] (=]

throuthul

]
r~

T e ih L

i ] '.
2005 4 5 6 7 8 9
Allocated HSDPA Power [W]

Fig. 7. Average cell throughput versus the allocated HSDPA power. PF
scheduling is assumed, with five HS-PDSCH codes and six HSDPA users

per cell.
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System Architecture
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Interface and Use Scenario

Contacts Writing SMS

Mew | Mamne | Cellphone Mo, 1, remain 123 words,
Edit Professor Eric 0933333532 C
Cary N9RE222666 onkack ||:|921335E|32
Delete By 0919371424 Wi - i
Clain O9eEIII217 ireless connection managertit! -

Mary 0921335632

To 5IM A =3 EIMIE
_ Evport | - SkimoFar EasTone

Irnport al
v.8.3.6 HSDPA/UMTS i Fouil
Search

Link Rate 115.2 Kbps send To SIM save
Cwration Q000465 bior:rin: sec
Total Transport S EE, 792 B Upload

4 kB, 77 B Dorwnload .
Connection Setting Reading SMS

|

» Connection
ISR IREIR '
J —_— ) | Cellphane | Tirne: | Content
© Manual select —_— - . - DIsee e 0TI 16 2SI I v have B RS
Current selacted Select settings Browser Contact Message DisCONNECt | osssssssss 20081116 2105:31 S0 farso good.
* Customize
Current selected Select
TEF
« in | »
Wir Cancel | TosM | Edt | Delete |

)rk Laboratory™ =
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Interface

Contacts

FAREASTONE S

E=1=

login
B HEE-HEE v (HEHAERTEH)

FAREASTONESN PN i S e
o BERA (1) -l
& rE-mEiE
» Bf3EB (T
w EFAC (4)
Message box
{IENE RIS - o Austin
& waeny =18
& wrmrt i —
& HERI—REHITR il iy v
o BES o8 ® FEIIHEE v (SEHUEREH)
& (Kevin) 5 A B e ERE
| mume
() WiEE (3)
=7
2 st
(5 s
[ &+

900 R BET
=g S
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and Use Scenario

Writing MMS

FARFEASTOHE S

k=15
"Allen et -
© B fEs -
[N 15 wa 1P
. SHEMe I~
Hri#esE o larry , 095345587 , bill *

EE | FEREAE S ERE

wams | wF [« ][] o =

4172300k
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VoIP call

FAREASTOMNE
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