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bstract—t is expected that in

3rd generation wireless net-
worksin general, and in the Univer-
sal Mobile Telecommunications Sys-
tem (UMTY) in particular, complex
control and transport mechanisms
will influence the data communica-
tion. Thewirelesslink quality varies
for a given application’s data flow,
while the application itself adaptsto
the system and thus influences the
control mechanisms. In this paper,
we study the effects of such a dy-

namic system on the user-perceived
Quality of Service (QoS) for real-
time multimedia applications over
UMTS, by means of simulating the
wireless link. The simulator com-
prises essential layer 2 and 3 proto-
col functionality of the UMTS Terres-
trial Radio Access Network (UTRAN)
for terminal equipment (TE) and base
station (BS). It is used to demonstrate
in real-time the effects of 3rd genera-
tion wireless network access on 1P-
based multimedia applications.



UMTS

The Universal Mobile Telecom-
munication System (UMTS) will ex-
tend the services provided by current
second-generation systems (GSM,
PHS, IS-95, etc.) from simple circuit-
switched voice telephony to complex
data services ranging from e-mail and
web-browsing to voice over packets,
media on demand, and video
conferencing [1]. Userswill beableto
interact totally with their Wireless In-
formation Devices to retrieve, store,
and process data anywhere, anytime
while being on the move. To this end,
UMTS will support packet-switched
data services for up to:

* 144 kbpsfor high speed mobile users
* 384 kbpsfor low speed maobile users
» 2 Mbps for portable/fixed users

Packet switched services use the sys-
tem capacity more efficiently, and al-
low for user idle time and volume
charging policy. The statistical gain of
packet switching results from in-
creased link utilization dueto non-con-
tinuous bandwidth requirements from
applications. Such amechanismiswell

investigated in wireline networks
where medium capacity doesnot vary.
Major differences exist, however, be-
tween wireline and wireless networks,
because the radio link constitutes a
massive bottleneck:

» Power limitation, interference and
altering radio link conditions due to
mobile terminal position cause the
link capacity to change rapidly.

» Handoff callslead to additional and
unpredictable load in acell.

 High bit error rates (BER) are en-
countered in wireless communica-
tions. Forward error correction
(FEC) becomes important and re-
transmissions are more frequent than
in fixed networks. Consequently,
data rates are affected.

Once deployed, UMTS is expected
to interface seamlessly with the wide
variety of interactive, media-on-demand
and multimedia IP-based applications
developed origindly for thelnternet, like
the 1 TU standard H.323 “ Packet Based
Multimedia Communications Sys-
tems’ [12] asdepicted in Fig. 1.
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Figure 1. Principal scheme of an Internet multimedia protocol stack, asused in the ITU

standard H.323 * Packet Based Multimedia Communications Systems’ [12-17].
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Relative Traffic wirelesslink, itisachallengeto deliver
circuit-switched-like Quality of Ser-
vice (QoS), such asbounded delay and

M obile jitter, which are essential for multime-

Voice dia and interactive applications. The

QoS needed for the broad variety of

data applicationsthat will be available

over UMTS can be specified in terms
of several QoS parametersand classes.

Table 1 describes these classes.

It is critical to investigate UMTS
system performance from the perspec-
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Data over Time Voice over tives of system efficiency and QoS
Circuits Packets contract fulfillment. To thisend, it is
essential to model the wireless sub-

Figure 2. Estimated relative traffic mix. system in terms of its capacity and

transmission technique. Wideband
Code Division Multiple Access
(WCDMA) as the transmission tech-
nique for UMTS has the following
characteristics:

Wireless Networks ... continued from Page 17

The volume of data generated by
these applications is expected to
grow over-proportional in terms of )
bandwidth consumption as depicted  * CDMA is aspread spectrum tech-
inFig. 2. nique deyelc_)ped for military anti-

However, due to the above men- jam applications.
tioned intrinsic characteristics of the ¢ Wide bandwidth supports high bit

Table 1. The four UMTStraffic classes defined by ITU-R[2-3].

Class Traffic Class Class Description Example Relevant
Number QoS Requirements
1 Conversational — Preservestime relation — Voiceover IP — Low jitter
between entities making up — Video conferencing — Low delay
the stream

— Conversational pattern based
on human perception

— Real-time
2 Streaming — Preservestimerelation — Real-time video — Low jitter
between entities making up
the stream
— Real-time
3 Interactive — Bounded response time — Web browsing — Round trip
— Preserves the payload — Database retrieva delay time
content — Low BER
4 Background — Preserves the payload — Email — Low BER

content — Filetransfer




rates and helpsto combat fading in
multi-path radio channels.

» Many users share the same radio
carrier.

» Each user is assigned a unique ran-
dom code different from and approxi-
mately orthogonal to other codes.

* Quality degrades as the number of
users on achannel/carrier increases
(interference limited system).

WCDMA technology results in
soft-capacity behavior. In classical
schemes employing a combination of
Time Division Multiple Access and
Frequency Division Multiple Access
(TDMA/FDMA schemes), the total
capacity is static (see Fig. 3), and the
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Figure 3. Capacity in FDMA & TDMA (top)
versus W-CDMA (bottom).

Multiple- DS-CDMA (TD-CDMA)
Access
Duplex FDD (TDD)
scheme
Chiprate 3.84 MChip/s
Carrier Flexible in the range 4.6-5.0 MHz
spacing (200 kHz carrier raster)
Frequency 1920-1980 / 2110-2170 paired
bands (1900-1920 and 20102025 unpaired)
Frame 10 ms; 15time dlots
length
Inter-BS No accurate synchronization needed
synchroni- (synchronization needed)
zation
Multi-rate/ Variable-spreading factor + Multi-code
Variable-rate Spreading factor; 4-256 (1-16)
scheme
Channel Convolutional coding,
coding Turbo coding,
scheme rate 1/2-1/3
Packet Dua mode on common and
dedicated access channels

Table 2. UMTSKey Parameters (source 3GPP).

QoS of an individual link is hardly
correlated to other carriersin the cell.
In CDMA the whole capacity is lim-
ited by the relative signal to noise ra-
tio of theindividual links (interference
limited system). Adaptive techniques,
e.g. power control and admission con-
trol arekey in providing QoS for each
individual service.

Thisnaturally imposesthe need to
model physical layer behavior with
regard to individual services. Table 2
liststypica UMTSkey parametersto be
taken into consideration in the moddl.

To address the specific require-
ments of services while achieving a
high spectral efficiency there are dif-

... continued on Page 20
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Figure 4. Example of how two different services data/voice receive different physical layer processing.
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ferent coding schemes applied to user
data as shown in Fig. 4.

For our investigations we concen-
trate on the UMTS terrestrial radio
access network (UTRAN), seeFig. 5.
Thuswe explicitly model the UTRAN
part with its protocols, see Fig. 6. As
wework with the standard I Pinterface
we are able to include possible transit
networks in our investigation, by us-
ing existing networks as access net-
works to our demonstrator. These are
not modeled but actually coupled with
the real-time testbed. The detailed de-

scription of thetestbed isout of the scope
of this paper, and is presented in [11].

UM TS Protocol Stack

The UMTS Radio Interface archi-
tectureislayered into aphysical layer,
a data link layer and a network layer
(IPin this work). The data link layer
is divided into a Radio Link Control
(RLC) sublayer and aMedium Access
Control (MAC) sublayer. The Logica
Link Control (LLC) sublayer present in
many early UMTS proposa sisnot con-
sidered. It is expected that this sublayer
will be reduced to a Null-sublayer to



minimize protocol overhead and/or
will be merged with the PDCP Layer,
which is doing header compression.
Figure 5 shows protocol termination
for UMTS dedicated channel (DCH).

Thefollowing isasummary of the
main services and functions of Layer
1 and Layer 2 [4—6] that have been

RLC Sublayer Services:

* Transparent data transfer

» Acknowledged/unacknowl!edged
data transfer

* QoS settings

RLC Sublayer Functions:

 User data transfer

» Segmentation and reassembly

Application Services

A

‘ Radio Access Bearer Services
-

§|NodeB|—| RNC |-

Uu
B R vy,

UE: User Equipment
MT: Mobile Termination

TE: Terminal Equipment
TAF: Termina Adaption Function

ly

CN: Core Network

Figure 5. Logical network architecture.

considered in the system:

Physical Layer Services:

« Information transfer servicesto higher
layers though Transport Channdls

Physical Layer Functions:

* Error Detection and FEC on trans-
port channels

» Multiplexing and de-multiplexing of
transport-channel s/coded-transport
composite channels

 Synchronization

* Measurements and indication to
higher layers

MAC Sublayer Services:

 Datatransfer

 Radio resources and MAC param-
etersreallocation

» Measurements reporting

MAC Sublayer Functions:

* MAC-scheduling and selection of an
appropriate transport format.

* Multiplexing/de-multiplexing of
higher layer PDUs into/from trans-
port frames delivered to/from the
physical layer

* Traffic volume monitoring and re-
porting to RRM

 Padding
* In-sequence/out-of-sequence deliv-
ery of higher layer PDU
* ARQ—backward error correction
and flow control
UMTS provides besides other ser-
vices areliable RLC mode to be used

PHY
PHY

UE BS

Figure 6. Our model for the protocol in the UTRAN.

by non-real-time or interactive appli-
cations, based on FEC using various
channel coding schemes, radio blocks.
Ascan be seen, most UMTS layer

1 and 2 connectionless services and
functions have been considered. Func-
tions for connection establishment on
the other hand have beenignored. This
assumptionisvalid for the scope of our
... continued on Page 22
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project, asweareonly interested inthe
dynamic system behavior of an estab-
lished link.

Control Loops

We have identified a set of chal-
lenging questions pertaining to wire-
less network performance in general
and to UMTS in particular, which we
address through the real-time testbed.
These questions are:

» How successful does a certain QoS
enabling technology suchasUMTS
perform with a given application?

» What will user-perceived QoS be
like over afuture wireless link?

» What arethetraffic arrival character-
istics of a certain type of future ser-
vice, e.g., avideo real-time session?

To illustrate what we consider as
protocol performance in this context,

we reference some studies of dynamic
TCP/IP behavior and its performance
over erroneous/slow links. TCP has
TCP-flow-control as an adaptation
mechanism for network congestion
situations. It acts on packet loss and
adaptsits sending rate. For lossy links,
as experienced in wireless transmis-
sion, this mechanism can show unex-
pected behavior and perform poorly
[7-10]. We view these investigations
as one example of undesired control
loop interaction in a multi-protocol-
layer wirelessenvironment. Wearein-
terested in control loopsin general, as
e.g. aso found in bandwidth adapta-
tion methodsin ascalable video codec.
Our approach also allows usto address
TCP performanceinvestigations, butis
not restricted to this.

In theworst case we expect to find
oscillation effectsthat arise dueto the
various dynamic controls
that are applied simulta-
neously by higher and
lower level protocols. These
mechanisms are found in
lower layers to overcome
lossy and variable capacity
links, and in higher layers
specifically to adapt to chang-
ing network capacity due to
congestion Situations.
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In particular,
we havelooked at
adaptive video .
codecs on top of Client
the Real-time
Transport Proto-
col (RTP), which
run their indepen-
dent control loops.
These interact
with other adap-
tive control loops
from a wireless
network, inaway
comparableto the
TCP phenom-
enon. There can
be many control
loops, e.g. power
control to adjust
thetransmit power

Client

n-—a4=C

on the radio link,
which affects er-
ror rates or control performed by the
Radio Resource Manager (RRM) on
Resource Allocation. These interac-
tions, if not investigated and under-
stood, can hinder the many benefits
expected from future wireless commu-
nications networks.

Control Loops and QoS

Future packet switched networks
will haveto incorporate QoS enabling
techniquesto address specific applica-
tion requirements. Imagine a guaran-
teed bandwidth link with alow error
rate. Then you will find most of the
TCP-flow control problemsto be soft-
ened to alarge degree. How does this
work for other control loops? What are
the QoS requirements that should be
satisfied? How sensitive is this ap-
proach to wirelessintrinsic link varia-
tion or actions like a handover to an-
other BS?

With our approach we will be able
to investigate the benefits of a QoS en-

Figure 7: Sandard Client/Server |P applications run through the UMTS protocol stack (red).

abled system. As we offer a real-time
real-application interface, these effects
will be accessible for measurements.
Furthermore, our systemwill allow dem-
ongirating user perceived Qudity of Ser-

vice over asmulated UMTS network.
For many higher layer protocols
and applications we lack the full de-
scription of internal control mecha-
nisms, but often we find them as
implemented applications. Most appli-
cationstoday communicatevialPtraf-
fic. We use this transparent standard
IP-interface to transport application
data seamlessly in and out of our red
time simulation of a third generation
network. Thus standard |P-based ap-
plications such as FTP, web browsing,
video applications or Microsoft
Netmeeting™ can be simulated con-
currently over the simulated UMTS
protocol stack and radio link (see Fig.
7). Our approach links existing appli-
cations during run-time with our pro-
totype implementation of a UMTS
... continued on Page 24
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Wireless Networks ... continued from Page 23

protocol stack and with our PHY-layer
simulator. Thus we can run our inves-
tigations without the need to model the
application/higher layer part. By using
thereal application we do not need any
traffic model s assumptions, but usethe
real dynamic behavior—including user
interaction—for our investigations.

Although there are QoS protocols
for IP networks, such as the Resource
Reservation Protocol (RSVP), these
QoS negotiation protocols are rarely
found in present applications. There-
fore we have devel oped the concept of
individually assigned QoS for indi-
vidual flows. A flow is distinguished
by its sending/receiving port number.
This allows us to do investigations
with asimulation of QoS enabled net-
works. The QoS requirements are for
examplefor reliability, delay, jitter, and
guaranteed bandwidth.

The main advantage of an on-line
simulation system is the possibility to
demonstrate the user-perceived qual-
ity of service. We can investigate the
effects of the various control mecha-
nisms, altered radio conditions or a
congestion situation in acell.

Conclusions

Quality of Service will be highly
important to enable new real-time
multimediaservicesfor 3rd generation
mobile networks. Therefore it is im-
portant to investigate and understand
the influence of all protocol layers
from the physical link to the applica-
tion. Therefore we have designed a
real-time testbed for performance as-
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sessment of | P-based packet switched
and emulated circuit switched multi-
media applications over UMTS. Our
proposed architecture allows concur-
rent access for an arbitrary number of
application-flows, while we provide a
QoS understanding on a per-flow ba-
sis even for non-QoS aware applica-
tions. This specifically allowsinvesti-
gating user-perceived QoS of today’s
multimedia applications over a simu-
lated wirelesslink.

Starting from existing investiga-
tions on the performance of TCP over
awirelesslink we broaden thefield of
investigations to other higher layer
control loops such as those found in
adaptive RTP-based video applica-
tions, and combine them with simu-
lated third generation wirel ess specific
RRM functionality and wirelesslower
layer protocols.
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