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Introduction

= General Packet Radio Service (GPRS):

= bearer service for Global System for Mobile
communications: GSM

frequencies:

= Europe: 900 MHz and 1,800 MHz

« North America: 850 MHz and 1,900 MHz
offers data transmission rates up to 171.2 kbps

precursor to 3G cellular networks such as Universal
Mobile Telecommunications Systems: UMTS

=nl.
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Introduction

= GPRS introduces two new support nodes in the existing
GSM network:

= Serving GPRS Support Node: SGSN
« Gateway GPRS Support Node: GGSN
= GSNs form the core of a GPRS system

= 3G systems such as UMTS utilizes the two GSNs with
some modifications

= GPRS provides a low cost migration from 2G GSM
networks to 3G networks
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Introduction

= General Packet Radio Service (GPRS):

30-11-2006

radio channels may be concurrently shared among
several users

radio resources are allocated when users send or
receive data

users may always be connected to the network
billing may be based on traffic volume
offers data transmission rates up to 171.2 kbps

=nl.
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Contributions

= We developed a simulation model for GPRS using the
OPNET network simulator

= The developed model includes implementation of:
= Wwireless links
= base station subsystem
= cell update procedure
= radio link control/medium access control (RLC/MAC)
= base station subsystem GPRS (BSSGP) protocol
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Roadmap

= GPRS overview
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GPRS overview: system architecture
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GPRS procedures

= MS performs a series of signaling procedures to send
data:

= GPRS attach:
= MS sends attach request to SGSN
= SGSN verifies the authenticity of the MS with HLR

= PDP context activation
=« MS is attached to an SGSN

= PDP context deactivation
= GPRS detach

=nl.
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GPRS overview: attach procedure

S SE5N HLF

Aftach Request

Update GFRS Lacation Request

i~

_Inzen Subscriber Data Request

Ingert Subscriber Data Ack .
Lpdate GFRS Location Ack
+ MS: Mobile Station
_ AfiachAccept SGSN: Serving GPRS
) Support Node
Attach Complete . HLR: Home Location
Register
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GPRS overview: activate procedure
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Activate PDOP Context Regquest

o iZreate PDP Context Request

i

Create PDP Context Response
ot

Activate PDP Context Accept

ot

MS: Mobile Station
SGSN: Serving GPRS Support Node
GGSN: Gateway GPRS Support Node

PDP: Packet Data Protocol
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GPRS overview: deactivate procedure

vl =5 SE5N GEEN

Deactivate PDP Context
Request

Delete POP Context Request

i

Delete PDF Context Response
h

Deactivate PDP Context Accept

ot

MS: Mobile Station
SGSN: Serving GPRS Support Node
GGSN: Gateway GPRS Support Node

PDP: Packet Data Protocol
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GPRS overview: detach procedure
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Detach Request

o Delete POP Context Regquest

Detach Accept

MS: Mobile Station
SGSN: Serving GPRS Support Node
GGSN: Gateway GPRS Support Node

PDP: Packet Data Protocol
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GPRS overview: quality of service (QoS)

s Defined in terms of one or a combination of attributes:

= delay class defines the end-to-end transfer delay
incurred in the transmission of Service Data Units

(SDUs)

= peak throughput class specifies the expected
maximum rate for data transfer across the network
for an individual data transfer session

= mean throughput class specifies the expected
average data transfer rate across the network during
the remaining lifetime of a data transfer session

SDUs: data units accepted by the upper layers of the GPRS protocol
stack and transmitted through the network
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GPRS overview: cell update (reselection)

= Controlled by the mobile or the
network
= Based on the received signal level
measurements performed by the MS
= Three cell reselection modes:
= NCO: MS performs autonomous
cell reselection without sending
measurement reports to the network
= NC1: GPRS mobile controls the cell reselection
process and sends the measurement reports to the
network
= NC2: Network controls the cell reselection procedure
NC: Network Control
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GPRS transmission plane protocol stack ™

Application
IPfE.25 P25
SNDCP RE'V GTF
SMNDC GTF
LLC LLC UDR/s UDFY
TP TCF
Felay
RLC oL ﬁ BSSGP | "
MAC WA I‘-JSetw_urk Netw_l:nrl-: L3 L3
Ervice SRVICE
oM REF GoM RF LTbis LTbis L1 L1
m Gh Gn
M5 BSS SESM G
SNDCP: Subnetwork Dependent Convergence Protocol
LLC: Logical Link Control RLC: Radio Link Control
MAC: Medium Access Control GTP: GPRS Tunneling Protocol

BSSGP: Base Station Subsystem GPRS Protocol
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GPRS overview: air interface

Relay
e RLC BSSGP
MAC WAL Netw.nrk
Service
=5 BF =5M RF L1his
Lm
M S BSS . P 1R
Um: unlimited mobility

= Radio channel connection between an MS and a BTS

= Distinct frequencies in uplink (MS to BSS) and downlink
(BSS to MS) directions

= Combination of TDMA and FDMA schemes

TDMA: Time Division Multiple Access MS: Mobile Station
FDMA: Frequency Division Multiple Access BSS: Base Station Subsystem
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i GPRS overview: air interface

= Physical channel is defined as a radio frequency channel
and a time slot pair

= Logical channels are mapped onto physical channels
= Packet Data Channels (PDCHSs)

= GPRS employs four coding schemes: CS-1 to CS-4
= 9.05 kbps, 13.4 kbps, 15.6 kbps, 21.04 kbps
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Physical and logical channels
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= Packet Data Channel (PDCH): physical channel used for packet

logical channels

Logical channels
Control Traffic
| | FDTCH
Eroadcast COmmaon Dedicated
PECCH PCCCH E#ggﬂ

-PRACH
-PAGCH
-PPCH

PBCCH: Packet Broadcast Control Channel
PCCCH: Packet Common Control Channel
PRACH: Packet Random Access Channel
PAGCH: Packet Access Grant Channel

PPCH: Packet Paging Channel

PACCH: Packet Associated Control Channel
PTCCH: Packet Timing Advance Control Channel
PDTCH: Packet Data Traffic Channel
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GPRS overview: RLC/MAC

= Radio Link Control layer:

= segments and reassembles LLC PDUs into RLC/MAC
blocks

= acknowledged operation
= unacknowledged operation
= Medium Access Control layer:
= controls the allocation of channels and timeslots
= Mmultiplexes data and control signals
= provides contention resolution

LLC: Logical Link Control
PDU: Protocol Data Unit

=nl.
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GPRS overview: RLC/MAC

= Temporary Block Flow (TBF) established between two
RLC/MAC entities:

= established for the period of data transfer

= released immediately after the data transfer

=« Temporary Flow Identity (TFI) assigned to each TBF
= Medium allocation modes:

» fixed: fixed allocation of radio blocks and PDCHs

= dynamic: dynamic allocation of radio blocks using
Uplink State Flag (USF)

« extended dynamic: dynamic allocation of a range of
radio blocks using USF
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GPRS overview: RLC/MAC

= GPRS network may support fixed or dynamic allocation
mode

= Procedures for uplink TBF establishment:

= one-phase access procedure: number of resources
required is indicated in a channel request message

= two-phase access procedure: number of resources
required is indicated in a packet resource request
message

=nl.
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One phase access and contention (=)
resolution

MS B5S

Packet Channel Regquest PRACH )I

Packet Uplink Assignment PCCCH )

RLC data block FOTCH )

contention resaolution

RLC data block $#DTCH ,
: :I completed at B33 side

FLC data block fDTCH )
TLLI

acket uplink ACHKMACK (PA
TLLI

contention resolution
completed at M3 side

RLC data black fOT
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Two phase access and contention
resolution '

fl 5 B=s

Facket Channel Request

Facket Uplink Assignment

Facket Resource Hequest contention resalution
TLLI completed
Facket Uplink Assignment
contention resalution TLLI
completed
RLC Data
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GPRS overview: BSSGP

= Controls the transfer of upper layer PDUs between an MS
and an SGSN

= Service primitives provided at the BSS to control the
transfer of PDUs between RLC/MAC and BSSGP:

= RL-DL-UNITDATA
= RL-UL-UNITDATA
s RL-PTM-UNITDATA

= Service primitives provided at an SGSN to control the
transfer of PDUs between the SGSN and BSC:

= BSSGP-DL-UNITDATA
= BSSGP-UL-UNITDATA _

BSSGP: Base Station Subsystem
= BSSGP-PTM-UNITDATA GPRS Protocol
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Base Station Subsystem GPRS Protocol (BSSGP):
Service Model

BSS SGSN
| =N | (G | [ mM | [Prm | [T | [ ] [ W | [Prw |
| ESSGP | | ESEGP |
RLCIMAC | [ [
i <_f
X
B | B |

BZS: Base Station Subsystemn

SGESN: Sering GPRS Support Mode

RL: Relay

Ghht: GPRS Mohility Management

[t Metwark Management

PFM: Packet Flow Management

LLC: Logical Link Contral

BSSGP: Base Station Subsystem GPRS Protocal
MS: Metwork Service

<D SAP: Service Access Point
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GPRS overview: BSSGP

= Controls the transfer of upper layer PDUs between an MS
and an SGSN

= Service primitives provided at the BSS to control the
transfer of PDUs between RLC/MAC and BSSGP:

= RL-DL-UNITDATA
» RL-UL-UNITDATA

= Service primitives provided at an SGSN to control the
transfer of PDUs between the SGSN and BSC:

s BSSGP-DL-UNITDATA
s BSSGP-UL-UNITDATA

RL: radio link
BSSGP: Base Station Subsystem GPRS Protocol DL: downlink
UNITDATA: unacknowledged data UL: uplink
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Roadmap

= OPNET network simulator

30-11-2006

Modeling and performance evaluation of general packet radio service
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OPNET network simulator

= Discrete event simulator

= Hierarchical model paralleling the structure of deployed
networks:

= hetwork models
= hode models
= process models
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Roadmap

= GPRS OPNET model:

30-11-2006 Modeling and performance evaluation of general packet radio service
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GPRS OPNET model '

= The sink acts as an external packet data network (PDN)

MS: Mobile Station. _ SGSN: Serving GPRS Support Node
BTS: Base Transceiver Station GGSN: Gateway GPRS Support Node
BSC: Base Station Controller HLR: Home Location Register
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GPRS OPNET model '

MS: Mobile Station

BTS: Base Transceiver Station

BSC: Base Station Controller

SGSN: Serving GPRS Support Node
. GGSN: Gateway GPRS Support Node
HLR: Home Location Register

R. Ng and Lj. Trajkovi¢, “Simulation of general packet radio service network,” OPNETWORK,
Washington, DC, Aug. 2002.

V. Vukadinovic¢ and Lj. Trajkovi¢, "OPNET implementation of the Mobile Application Part protocol,”
OPNETWORK, Washington, DC, Aug. 2003.

R. Narayanan, P. Chan, M. Johansson, F. Zimmermann, and Lj. Trajkovi¢, “Enhanced general
packet radio service OPNET model,” OPNETWORK, Washington, DC, Aug. 2004.
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GPRS OPNET model '

= Includes models for:
= MS, BTS, BSC, SGSN, GGSN, HLR, and a sink
= The sink acts as an external packet data network (PDN)

MS: Mobile Station _ SGSN: Serving GPRS Support Node
BTS: Base Transceiver Station GGSN: Gateway GPRS Support Node
BSC: Base Station Controller HLR: Home Location Register
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GPRS OPNET model

= GPRS model supports:

unidirectional data flow
bi-directional signal flow

SiXx BTSs

raw traffic generation
autonomous cell update: NCO

GPRS mobility management procedures: attach,
activate, deactivate, and detach

= MSs in the developed model support only GPRS services
= One packet data protocol context per MS

30-11-2006
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GPRS OPNET model

= GGSN transmits packets to the external PDN based on
two Quality of Service (QoS) mean throughput classes:

= Slow link: mean throughput = 10,000 octets/hour
» fast link: mean throughput = 20,000 octets/hour

= SGSN employs a first-in-first-out (FIFO) scheme to
handle messages

GGSN: Gateway GPRS Support Node
SGSN: Serving GPRS Support Node

Mean throughput class specifies the expected average data transfer rate
across the network during the remaining lifetime of a data transfer session
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Roadmap

GPRS OPNET model:
= cell update

30-11-2006 Modeling and performance evaluation of general packet radio service
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|
Cell update: MS node model

activationRequestsource
O] O]
detachReques tsonree deactivationBequestsonree
(= (5
attachRequestsoncoe nserData (WoIP application)
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Cell update:

power-monitor process model

{PACKET _FECEIVED) I

e —— e — —
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Roadmap

GPRS OPNET model:

radio link control/medium access control

30-11-2006 Modeling and performance evaluation of general packet radio service
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RLC/MAC implementation

= Unacknowledged RLC mode

= Fixed allocation medium access mode

= [wo-phase access procedure

= CS-1 coding scheme: 9.05 kbps

= Dedicated channel for channel requests

= Base station employs a first-in-first-out (FIFO)
mechanism to allocate resources

RLC/MAC: Radio Link Control/Medium Access Control

30-11-2006 Modeling and performance evaluation of general packet radio service 40



RLC/MAC implementation:

MS node model

30-11-2006

activationBegquestiource

C) C)

detachRequestionree deactivationBequestionrce

C) C)

attachRequestsoncce nzerhata (VoIP application)

Modeling and performance evaluation of general packet radio service
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RLC/MAC implementation:
MS process model '

(default)
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RLC/MAC implementation:
BTS node model |

ER&CH

e

FIFOZ ESC-1x

(i)

ct_ 0 PECCH_sonrce

BTS: Base Transceiver Station
BSC: Base Station Controller
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RLC/MAC implementation:
BTS process model '

Parent BTS process model Child BTS process model

ﬁ:‘i fdefanlt)
L
by

|
({release) thf ==

|

|

OFC_TEUE)}

I
|
I
{pk_chan_req) : I
I
I

RLC/MAC: Radio Link Control/Medium 7,
Access Control .
BTS: Base Transceiver Station
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Roadmap

= GPRS OPNET model:

= base station subsystem GPRS protocol

30-11-2006

Modeling and performance evaluation of general packet radio service
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BSSGP implementation

= Service primitives implemented:
= RL-DL-UNITDATA
= RL-UL-UNITDATA
= BSSGP-DL-UNITDATA
= BSSGP-UL-UNITDATA

BSSGP: Base Station Subsystem GPRS Protocol
RL: radio link

DL: downlink

UL: uplink

UNITDATA: unacknowledged data
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BSSGP implementation:
BSC node model

)

"
-
'%\\-_

= )
ETS-tx_G BTE-1x
Bl B
BTS—tJ{_q- BT-S"-‘“H-E:EI- FIFOZ SGEER-
=
BTa-tx
B
BETs-tx FIFnil 5G5A-tx
= B
ET5-tx_ s-rx
) =
BT5-tx_0 BT5-1x_0

BSSGP: Base Station Subsystem GPRS Protocol
BSC: Base Station Controller
SGSN: Serving GPRS Support Node
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Simulation results: Mobile states after =nl.
simulation

S0SHW MM and PDP Context after simulation
MM State O = detached, 1 = attached
adttached + Is aActive = Activated

IMSI 0 MM State: O Is Active: O

IMSTI: 1 MM State: O Is Active: O

IMSTI: Z MM State: O Is Active: O

IMSI 3 MM State: 1 Is Active: O

IMSTI: 4 MM State: 1 Is Active: 1

IMSTI: -1 MM State: O Is Active: O

IMSTI: -1 MM State: O Is Active: O

IMSTI: -1 MM State: O Is Active: O

IMSTI: -1 MM State: O Is Active: O

IMSTI: -1 MM State: O Is Active: O

IMST -1 MM State: O Is Active: O

IMST: -1 MM State: 0 Is Active: O

IMST: -1 MM State: 0 Is Active: O

State information of M5 after simulation, O = Detached, 1 = attached, 2 = Activated
Mame: MS_0 IMST: { MM State: O

Mame: MS_1 IMST: 1 MM State: 1

Mame: MS_2 IMST: Z MM State: O

Mame: mobile_node_1 IMST: 3 MM State: 1
Mame: mobile_node_0 IMST: 4 MM State: 2
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BSSGP implementation: process models

BSC process model SGSN process model

v fdefanlt)

BSC: Base Station Controller
BSSGP: Base Station Subsystem GPRS Protocol SGSN: Serving GPRS Support Node
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Roadmap

Simulation scenarios and results

30-11-2006 Modeling and performance evaluation of general packet radio service
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Verification scenarios

= Three simulation scenarios:

= scenario 1: compare the end-to-end delay with and
without the implementation of RLC/MAC and BSSGP
protocols

= scenario 2: verify the cell update procedure

= Scenario 3: verify the scalability of the developed
model

End-to-end delay: average packet delay between an MS and the sink

RLC/MAC: Radio Link Control/Medium Access Control
BSSGP: Base Station Subsystem GPRS Protocol
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MS data settings

i Verification scenario 1: el

Attribute Yalle
7 ~narme userData (VolP application)
(2} Fprocess model simple_source
(7 Ficon name DrOCEssOr
(7) -Packet Format in_dgram_yd
(?) -Packet Interarival Time constant (1.0)
(7) -Packet Size constant (1024)
(7) 1-Start Time 0.0
@ Lstop Tine Irfnity
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Verification scenario 1: el
MS settings

Attribute Walue A
— hame S
I—mndel FMEFrocess_wireless

Firasi —j
|—an::tiuatinnHequestSnurce.F’acket ... constant (3.0
|—an::tiuatinnHequestSnurce.Star‘[ Ti... 0.0
|—au::tivatiunHequestSnurce.Stnp Time Infinity
|—attachHequestSuurce.Packet Inte... constant (1.0
|—attachHequestSuurce.Start Time 0.0
|—attachHequestSDurce.Stup Time Infinity
|—deEu:tivatiunHequestSuurce.Pack... constant (6.0
|—deactivatiunHequestSuurce.Stan .. 0.0

| deactivationRequestSource. Stop ... Infinity

I detachRequestSource Packet Inte... canstant (3.0)
I detachRequestSource Start Time 0.0

| detachRequestSource. Stop Time  Infinity

|- receiver.channel [0].min frequency 1,930.2
I-receiver.channel [1].min frequency  1,940.2

I receiver.channel [2].min frequency  1,950.2
I-receiver.channel [3]l.min frequency 1,960.2

I receiver.channel [4].min frequency  1,970.2

I receiver.channel [S].min frequency 1,9&0.2

L userData (VolP application) Pack.. constant (1.0
|—userData (WolP application).Pack... constant (1024)
|—userData (WolP application). Start .. 0.0

L userData (VolP application).Stop .. Infinity

PEIIIIIIIIIFIIIIF IS

L
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Verification scenario 1:
end-to-end delay

= Scenario consists of two MSs and a BTS
= MSs are stationary

= Data: constant inter arrival time

= Simulation time: 10 minutes

30-11-2006 Modeling and performance evaluation of general packet radio service
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Verification scenario 1:

end-to-end delay

30-11-2006

m Wth RLC/ MAC and BSSGP
wi t hout RLC/ MAC and BSSGP

.1k

.15

14 Mv.uwww—-ﬁ-
.13 M

1z

i
Bl
|

.10

ik

Average end-to-end delay (s)

.08

-

| I
Om Em 10m

Simulation time (nin)
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Verification scenario 2: cell update °

Network scenario Throughput at the BTS receivers

object: Base_station_1 receiwver
radio receiwver throughput {packetsS=zec)

0 AAAARN

object: Base station 0 receiwver
radio receiwver. throughput {packetsSzec)

Ease_jstation 1

JAAAAAAAAAANAAR

Object: mobile_node_1 transmitter
radio transmitter. throughput {packetsszec)

Ease_Station 0

'_':] GGEH sink
ﬁ 1
JAAAAAARAAAAAAAAAAAAR
ws_0 | |
- O B 10m

mobile node_ 1
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Verification scenario 2: el
cell update MS settings

Attribute Walue

—hame maohile_node_1
I—mndel kFASProcess_wireless
Itrajectary M0

(T -1

I activationFequestSource Packet | constant (30.0)
I activationRequestSource. Start Ti.. 0.0
|—au::ti\-'atinnHequestSuurce.Stup Time Infinity

|- attachRequestSource Packet Inte... promoted

I attachRequestSource Start Time 0.0

I attachRequestSource. Stop Time Infinity
|—deactiuatin:nnHequestSnurce.F‘ack... constant (60.0)
|- deactivationRequestSource Start .. 0.0

|- deactivationRequestSaurce. Stap . Infinity

I detachRequestSource.Packet Inte... constant (30.0)
|—detachHequestSuurce.Stan Time 0.0

|- detachRequestSource. Stop Time  Infinity
receiver.channel [0].min frequency  1,930.2
I-receiver.channel [1].min frequency  1,340.2
I—rECEiuer.channel [E]-min frequency  1,350.2
Ireceiver.channel [3].min frequency  1,960.2
receiver.channel [4].min frequency  1,970.2
I-receiver.channel [3].min frequency 1,380.2
|—userData (WolP application).Pack... constant (1.0)
- userData (VolP application).Pack.. constant (1024)
FuserData (VaolP applicationy.Start . 0.0

L yserData (VolP applicationy.Stop ... Infinity

PEEIIIIIIEIIIERRRRIE IV

30-11-2006 Modeling and performance evaluation of general packet radio service 57



Verification scenario 2: cell update
BTS settings .

| Bittribute |Walue
%) ~nhame Base_Station_1
& |-model ETSProcess
FESS Id promoted
& Lr_0.channel [0].min frequency 1,340.2
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Verification scenario 3: scalability ™

= 17 MSs and 3 BTSs
= 11 MSs generate exponentially distributed traffic
= 6 MSs generate constant traffic
= Generate traffic at the beginning of simulation (0 s)
= Simulated time: 1 hour
» Simulations lasted 40 minutes
Measured end-to-end packet delay
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Verification scenario3: w
end-to-end delay

.15
L1

.17

.16

-

.14

.13

L1z

Average end-to-end delay (s)

.11

.10

I I I I I I
O 1 0m 20m 30m o O, C0m E O

Sinmulation tinme (mn)

End-to-end delay increases and reaches steady-state
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Performance evaluation: el

simulation scenarios

= OPNET GPRS model simulation scenarios:

30-11-2006

with MSs performing cell update

without MSs performing cell update

both scenarios have two groups of MSs that generate:
= variable bit rate traffic
= constant bit rate traffic

simulations capture a single packet data transfer
session

MSs initiate attach procedure at the beginning of each
simulation
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Simulation scenario: cell update

Cell update: three trajectories indicate
the path and direction of MSs that move
between cells
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performance scenario : cell updatez.
MS settings

attribute Yalue

—hame ohile_node_!

- model MEProcess_wireless
trajectary b5

¥ -1

|- activationRequestSource. Packet |.. constant (6.0
| activationRequestSource Stant Ti. 20

I activationRequestSource. Stop Time Infinity
|—attachHequestSnurce.Packet Inte... constant (3.0)
|- attachRequestSource.Start Time 10.0

| attachRequestSource Stap Time Infinity

I deactivationRequestSource Pack... constant (.03
|—deactiuatinnHequestSnurce.Stan .. Infinity

|- deactivationReguestSource.Stop ... 112

I detachRequestSource Packet Inte . constant (6.0
I detachRequestSource.Start Time  Infinity
|—detachHequestSnurce.StupTime 130
I-receiver.channel [0].min frequency  1,930.2

I receiver.channel [1].min frequency  1,940.2
Ireceiver.channel [2].min frequency 1,350.2
I—rEE:eiuer.l:hannel [€]-min frequency  1,360.2
I-receiver.channel [4].min frequency  1,970.2

I receiver.channel [5].min frequency  1,980.2

L userData (YolP application).Pack... constant (1.0)
|—userData (VoIF application).Fack... constant (1024)
FuserData (ValP application).Start .. 0.0

L userData (valP application).Stap . Infinity

BEEIIEAEAEEIIENEEEEEE IV
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performance scenario : cell updatez.
MS settings

30-11-2006

PEEEEEIIIIIIEEIRRIRERRE e

attribute

—hame
Fmodel

trajectary

1M

I activationRequestSource Packet |...
|—activatinnﬂequestSnurce.Stan Ti...
|- activationRequestSource.Stop Time
I attachRequestSource Packet Inte.
I attachRequestSource. Start Time
|—attachHequestSuurce.Stnp Time

|- deactivationRequestSource Pack...
I deactivationRequestSource Start
I deactivationRequestSource Stap ...
F—detachHequestSnurce.PacketIntem
|- detachRequestSource. Start Time

I detachRequestSource Stap Time
I-receiver.channel [0].min frequency
FweceWerchannelU}mn1ﬂequency
I-receiver.channel [2].min frequency
I-receiver.channel [3).min frequency
I-receiver.channel [4].min frequency
FweceWerchannelﬁ}mn1ﬂequency
userData (VaolP application).Pack...
FuserData (VaolP application) Pack...
FuserData (VolP application).Start ...
L yserData (WolP application). stop ...

MOME

-1

constant (6.0}
20

Infinity
constant (3.0)
10.0

Infinity
constant (6.0)
Infinity
Infinity
constant (6.0)
Infinity
Infinity
1,930.2
1,940.2
1,950.2
1,960.2
1,970.2
1,960.2
exponential (1.0
exponential {1024)
0.0

Infinity
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performance scenario : cell update;e)
MS trajectory ..

Trajectory name: |h=151

A Pos (m)| % Pos (m) Distance {m) | Altitude Traverse Ground wait Time
() Time apeed
1 0.000 0.000 fsa 0.000 ] fsa 00.00%
| -27.862 103.024 106725 0.000 aG.des F.214 00.00s%
3 Z2678 204752 113,591 0.000 40.633 F.214 00.00s
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Simulation parameters

Parameter Value
Simulation time 120 min
Number of BTSs 3
Number of MSs 15
Number of MSs performing cell 3
update

Number of cell updates per MS 2
Radio scheduling scheme at the

STS 9 FIFO
Coding scheme CS-1

30-11-2006

Modeling and performance evaluation of general packet radio service
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Simulation result: end-to-end delay ‘

mwWith cell update

o without cell update

= -

.13

.12

A1

Average gprs end-to-end
delay (s)

10] I 1 I 1 1 1
0 20 4] &0 a0 100 120
Simulation time (min}

Cell update increases packet end-to-end delay
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Simulation result:

average attach request process time

mwith cell update
3___with:uut cell update

Average attach process
time (s)

I ] 1
15 148 21 24 27 3n 33 36

Simulation time (s)

The average attach request process time increases with cell update

because the SGSN has to verify and update the location information
of each MS
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Simulation result:

average activation process time

mwith cell update
o without cell update
o o
L
] []
g
o .22 .
6~ |f
- 0]
1 — .2':' " """""""""
m '
e |
e 18
04
ru
[ ]
0
CI"' .15 1
M ']
)
il
F:?: 14 I | I 1
0 200 600 a0 1200
Simulation time (s)

The average activation process time does not depend on cell update
because the SGSN exchanges messages only with the GGSN and
MSs
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Simulation result: BTS 0

average link throughput
mwith cell update
without cell update
_.4——'-"--_-
45: 3 e
E‘ﬂ M
=
82,
B
3!
28
i
S
e
0 ' , , , ' ;
0 20 40 60 80 100 120
Simulation time (min)

The average link throughput of BTS_0 increases in the scenario with
cell update because all MSs that perform cell update traverse
through its cell
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Simulation result: cell update
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Simulation result: BTS 1

average link throughput

The average link throughput of BTS_1 decreases in the scenario

Average throughput

(packets/s)

5.25

5,00

W i L 4 L £ E
Pk il == = P i =3
v = m = L = )

L
=
=

= wWith cell update
without cell update

I I I |
a 20 40 1] g0
Simulation time (min)

130

120

with cell update because two MSs that perform cell update depart
from its cell

30-11-2006
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Simulation result: cell update

30-11-2006 Modeling and performance evaluation of general packet radio service 73



Simulation result: BTS 2
average link throughput '

m with cell update
without cell update

.5 _-‘-"'-_.___.
|
[
& /
3£1L5
I::Ili.l'.l
|
"E:ELI
H w50
¢
EE
N 4.5
el
o
4":" T T T T T 1
0 20 40 60 B0 100 120

Simulation time (min)

The average link throughput of BTS_2 increases in the scenario with
cell update because two MSs that perform cell update enter its cell
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Simulation result: cell update
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Simulation result:

average throughput received from MSs -

m with cell update
without cell update

=
2 /
E”;L? 5.5 MSs
i ( subscribed
“% 5.0 to QoS mean
% T throughput
muq_g. class of
= 10,000

4.0 : 1 . : : 1 octets/hour:

0 20 40 60 &0 100 120 slow link

Simulation time (min)

The average throughput is higher in the scenario with cell update
because an MS that was not transmitting packets in the scenario
without cell update, begins transmission
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Simulation result:

average queuing delay ‘

mWith cell update
without cell update

0. 08
o 0o,
2
o . 0.04 |
o LI'_l .
2 -~ Slow link

0.0
o between
4
o T 0,02 oo GGSN and

m .
e sink
E 0. 071 e ———
B 0. 00
| | | | | |
0 20 40 B0 ED 100 120

Simulation time (min)

The average queuing delay is higher in the cell update scenario than
without cell update because additional MSs are transmitting and
more packets need to be queued
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Simulation result:

average throughput received from MSs -

= With cell update
7.0 without cell update

6.9 . g e
5
By
= &, &
(=
S MSs
H .
Se subscribed
o U | to QoS mean
= throughput
v class of
LR 20,000

c s octets/hour:

0 20 a0 60 80 100 120 fast link

Simulation time {min)

The average throughput is lower in the scenario with cell update
than without cell update because of packet losses
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Simulation result:

average queuing delay

mwith cell update
ith 11

.00 without ce update
L]
Sy
o 0,007
—
L 0,006 L
o Fast link
= 0. 005 |
= between
= 0,
v GGSN and
& 0.008 sink
B0, 002 {0
= 0,001
2
e, 0.000 i 1 T T T T

1] 20 40 al a0 100 120

Simulation time (min)

The average queuing delay increases in the scenario without cell
update because of higher throughput and additional packets that
need to be queued
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Roadmap

Conclusions and future work
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Conclusion

= We developed an OPNET model for GPRS

= The model implemented various GPRS-specific
protocols

= Three simulated scenarios were used to verify the
model implementation

= We investigated the effect of cell update on
performance of GPRS network

= We simulated scenarios with and without MSs
performing cell update to evaluate end-to-end delay
and signaling processing time

30-11-2006 Modeling and performance evaluation of general packet radio service 81



Conclusion

= Simulation results show that cell update increases end-
to-end delay by ~7%:
= packets require a longer time to reach the BTS as
MSs move away from the BTS
= queuing of packets during the cell update

= Simulation results show that cell update increases
signaling process time by ~3.3%

= number of GPRS signaling messages transmitted
through the network

=nl.
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Conclusions

= Simulation results show that cell update increases:
= Signaling process time by ~ 3.3%

=« number of GPRS signaling messages transmitted
through the network

= Activation process time does not depend on cell
update:

= there is no exchange of messages between the
SGSN and HLR

= packet losses due to cell update may cause an MS
to restart the activation procedure in the new cell
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Future work

= Additional simulations to be performed in order to
explore the model scalability

= Implementation of downlink data transfer

= Performance evaluation using data traffic from
deployed networks
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