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General Packet Radio Service (GPRS)

.. Is a new GSM bearer service (GSM Phase 2+),
introduced in 2000.

.. Iimproves and simplifies wireless access to
packet data networks (Internet, X.25).

.. offers packet switched bearer service at air interface.

.. allows direct routing between mobile stations and
packet switched networks.

.. offers shorter access times and higher data rates.

conventional GSM GPRS
connection setup several seconds < 1second
data rate 9.6 kbit/s ISDN like

(30..50 kbit/s)
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Circuit switching vs. packet switching

Circuit Switching

Channel for entire call period
Allocation
one user uses
complete traffic channel

! !

User pays
for ...

! !

For bursty
traffic

duration of call

Inefficient

Packet Switching

only if needed
(capacity on demand)

several users share
one traffic channel
(statistical multiplexing)

!

amount of transmitted
data

!

Efficient
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2 GPRS System Architecture
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General GSM Concept: Some GSM Addresses

Mobile Station
IMEI International Mobile Station Equipment Identity

Mobile Subscriber

IMSI International Mobile Subscriber Identity =
TMSI Temporary Mobile Subscriber Identity B 4
MSISDN Mobile Station ISDN Number N
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GPRS Support Nodes (GSN): SGSN and GGSN

SMS-GMSC
SMS-IWMSC
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MSCWVLR HLR
SGSN Serving GPRS support node SMS-GMSC  SMS-Gateway MSC
GGSN Gateway GPRS support node SMS-WIMSC  SMS—Interworking MSC
User data and signaling data
Signaling data
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Serving GPRS Support Node (SGSN)

Delivery of data packets within its service area.
Routing, mobility management (attach, detach,
location management), authentication, charging, ...

SMS-GMSC
SMS-IWMSC

MSCWVLR HLR
SGSN Serving GPRS support node SMS-GMSC  SMS-Gateway MSC
GGSN Gateway GPRS support node SMS-WIMSC  SMS—Interworking MSC

User data and signaling data
Signaling data
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Gateway GPRS Support Node (GGSN)

Interface between GPRS backbone and external PDN

Other
Packet/address conversion (e.g. IP to GSM), routing, GPRS PLMN
authentication, charging, ...
SMS-GMSC

SMS-IWMSC

MSCWVLR HLR
SGSN Serving GPRS support node SMS-GMSC  SMS-Gateway MSC
GGSN Gateway GPRS support node SMS-WIMSC  SMS—Interworking MSC

User data and signaling data
Signaling data
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Gateway GPRS Support Node (GGSN)

m : /User Location?
Ms 8 User Profile?
D

Other
GPRS PLMN

SMS-GMSC
SMS-IWMSC

MSCWVLR HLR

SMS-GMSC  SM5S-Gateway MSC

SGSN Serving GPRS support node
SMS-WIMSC  SMS—Interworking MSC

GGSN Gateway GPRS support node

User data and signaling data
Signaling data

Christian Bettstetter

(LN, Technische Universi Manchen
Institute of Communication Networks
()" (N) Prof.Dr-Ing. Jérg Eberspécher

Gateway GPRS Support Node (GGSN)

Other
GPRS PLMN

SMS-GMSC
SMS-IWMSC

! BT !
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MSCAVLR HLR

SGSN Serving GPRS support node | | gcation Register:

GGSN  Gateway GPRS support nodd | location information (current SGSN address)
« user profiles (e.g., IMSI, address(es) used in PDN)

User data and signaling data

N

Signaling data
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HLR (Home Location Register): GPRS impacts

Other
GPRS PLMN

SMS-GMSC
SMS-IWMSC

New Information stored in HLR: For each GPRS user:

n g n S—Gateway MSC
* location information (current SGSN) s_mterw?:king MSC

 user addresses (IMSI <-> address(es) used in PDN)
« user subscription profiles (e.g. QoS profile,
see PDP context)

Additional functions (new MAP functions)
0 More memory and performance needed

New interfaces Gr and Gc
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VLR (Visited Location Register): GPRS impacts

Other
GPRS PLMN

SMS-GMSC
SMS-IWMSC

New information stored in VLR: For each GPRS user ﬁm_& ngS:IGTewaykMSCMSC
in service area: nterworking

* GPRS related user data
 Location Information (current SGSN)

New functions & register entries for combined
location management and paging

New interface Gs
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Serving GPRS Support Node (SGSN)

SMS-GMSC
SMS-IWMSC

POBT
Msm L .1 ER
SGSN Serving GPRS support node
GGSN Gateway GPRS support node

—— User data and signaling data
Signaling data

Other
GPRS PLMN

(=1l

7 Location Register:

« location information (e.g., current cell, current VLR)
« user profiles (e.g., IMSI, address(es) used in PDN)

SMS-GMSC  SM5S-Gateway MSC
SMS-WIMSC  SMS—Interworking MSC
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GPRS System Architecture

Border
gateway

GPRS backbb_/

PLMM 1

SG5N

Packet data network (PDN)
(e.g.. Internet, intranet)

Inter-PLIMIN
GPRS backbone

Intra-PLIVIN

GPRS badkbone
Border

atewa
4 b PLMMN 2

GGSN

Router Host

LAN

Technische Universitat Miinchen
Institute of Communication Networks
Prof.Dr.-Ing. Jorg Eberspécher

Christian Bettstetter




Intra-PLMN Backbone

Intra-PLMN Backbone: (or Intra-operator backbone) i
* IP-based -
« connects GSN of one provider.
« private network.

/ u Inter-PLMN
GPRS backbone
===
5 7 @
Intra-PEMIN Gp Intra-PLIMN
GPRS backbene i ot GPRS backbane
1
PLMIN 1 gateway gateway BLMIN 2
GGSN
Packet data network (PDN) L
(e.g.. Internet, intranet) =
Router Host
LAN
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Border Gateway
The task of Border Gateway is to ensure secure communications
between different GPRS.
 Functionality not defined in the GPRS specification. ;
« Practice: Firewall (security) and routing. BG enables roaming. &
Inter-PLMN
GPRS badkbone
Gan —f—
— 7 T m
Intra-PEMIN \IJ Gp Intra-PLMN
GPRS bac:‘bb_/, Border Border Eaitacone
1
PLMN 1 e gateway gateway PR

SGSN GGSN

Packet data network (PDN)
(e.g.. Internet, intranet)

Router Host
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Inter-PLMN GPRS Backbone

e
Intra-PLNm
GPRS bac!:bj_/’

PLMM 1 PLIMIN 2

Inter-PLMN Backbone: (or Inter-operator backbone)
* |IP-based

« connects two GPRS providers, thus enabling roaming H
* public (e.g. Internet) or private IP network )

LAN
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3 Session Management, Mobility
Management, and Routing

3.1 Attachment and Detachment Procedure
3.2 Session Management and PDP Context
3.3 Routing

3.4. Location Management
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GPRS Attach and Detach

To use GPRS services

.

MS must attach to network

' N

MS / user registers with an SGSN

SGSN:
® Checks if user and MS are authorized to use network?
® Copies user profile from HLR.
® Assigns a P-TMSI (Packet-TMSI) to user.

Also possible: Combined GPRS/IMSI attach for GSM and GPRS
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PDP Address and PDP Context

To exchange packets with PDN after attach
MS applies for address used in the PDN

Packet Data Protocol Address (PDP Address) e.g. IP address

PDP Context: describes characteristics of session

® PDP Type (e.q., IPv4)

® PDP Address (e.g., 129.187.222.10)

® requested QoS

® address of GGSN which is access point to PDN

Active PDP context: MS is “visible” for the external PDN
(can send and receive packets)
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PDP Address and PDP Context

static IP address

dynamic IP address
- dynamic Home-PLM

Address Mapping: PDP Address <= GSM Address of MS
in GGSN

Simultaneous PDP Contexts: One user may have several PDP
contexts active at a given time

Static or dynamic PDP context activation (Example IP)

N IP address

- dynamic Visited-PLMN IP address
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PDP Context Activation

M3

Activate PDP context request

SGEN

[PDP type, PDP address,
QoS requested, access point, ..]

Security functions

Activate PDP context accept

Create PDP context request

GGsN

[PDF type, PDP address,
QoS negotiated, access point, ..]

| Create PDP context response

[PDP type. QoS negotiated, ..]

[PDP type, POP address,
QoS negotiated, ...]
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Routing Example: Incoming IP packet (MT)

Address conversion: IP-Dest - TID + SGSN
(from PDP context)

IP packet
(Dest: 129.187.222.10, Source: 129.74.216.6)

Internet

eling Protocol)
(SGSN IP address, Tunneling ID, IP packet)

o SGSN .
' 3 Address conversion: TID — TLLI, NSAPI, QoS, and cell
@ (from PDP context)
s SNDCP (SubNetwork Dependent Convergence Protocol)
(Temp Logial Link Id, NSAPI, IP packet)
IP packet
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Routing Example: Outgoing IP packet (MO)

IP packet

Internet
GTP (GGSN IP addkess, Tunneling ID, IP packet)
GGSN

o Address conversion: TLLI + NSAPI - TID + GGSN
" sesn  (from PDP context)

@ SNDCP (TLLI, NSAPI, IP packet)

MS Address conversion: IP-Source - TLLI, NSAPI

(from PDP context)
IP packet

(Dest: 129.74.216.6, Source: 129.187.222.10)
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Routing Example

-
F:\j Inter-PLMN
e GPRS backbone
Gn ——

Intra- PLNN,IE G:\‘AL\/

GPRS back bune

Border Border
atewa atewa
PLMM 1 g 4 4 b PLMMN 2
Packet data network (PDN) H L
(e.g.. Internet, intranet) .
Router Host
LAN
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Location Management

Problem Statement: For incoming calls/packets
we must know the location (cell, service area) of
the MS.

Location Updating:

® MS sends Location Updates to SGSN.
® SGSN informs GGSN and HLR about current location.

Question: How often should MS send a Location Update?
® Save battery of MS!
® Minimize radio usage!
- Paging in Downlink
- Location Updates & Paging Responses in Uplink
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Cell O Routing Area [ Location Area

Location Area (LA)

Cell

Routing Area (RA)
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Location Management: State Model

No location management;
MS not reachable

GPRS detach

gr’”;[’p'?:egmer MS sends Location Update to
SGSN when it changes cell.

READY timer expired or
foree to standby
a packet

. MS sends Location Update to
SGSN when it changes
routing area.
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GPRS attach

Transmission of




Routing Area Update: Intra-SGSN and Inter-SGSN

Intra-SGSN MS moves to an RA that is administered by
routing area update the same SGSN as the old RA.

SGSN has stored user profile
Assigns new P-TMSI

Inter-SGSN MS moves to an RA that is administered by
routing area update a different SGSN as the old RA.

New SGSN requests profile from old SGSN
SGSN informs all GGSNs, HLR, and VLR
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Intra-SGSN routing area update

Routing area update request

M5 BSS

Routing area update request

SGSN

[Old RAI, old P-TMSI signature,
update type]

Security

[Old RAI, old P-TMSI signature.
update type, Cl]

functions

Routing area

update accept

[P-TMSI, P-TN

Routing area (|

Sl signature]

pdate complete

[P-TMSI] (opti

nal)
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Location Management: Summary

Two levels

Micro Mobility Management Macro Mobility Management

tracks current RA or cell tracks current SGSN

and stores it in GGSN, HLR,
and VLR
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Location Management: Routing Area Planning

LA > RA > Cell, but: What is the best size and form?

Location Update .big area” cell
when MS changes

Comp. with GSM like in GSM when no call like in GSM during call
Radio capacity: ® WS's location is not known @MS‘S location is kown exactly
downlink exactly @No paging needed

paging required for every
downlink packet

Radio capacity: @ not wasted for mobility m. (@ wasted for mobility manag.
uplink (® wasted for paging responses

Data delivery ) delayed significantly @very fast

Battery @ saves battery (® consumes batteries

Tradeoff! Optimal design depends on: Environment (Office, Pedestrian Zone, Streets, ...),
User mobility, Traffic, ...
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4 Protocol Architecture

Transmission Plane

Signaling Plane
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GPRS Protocol Architecture: Transmission Plane

M5 BSS SGSN GGsN
Application
Network Network
layer layer
(1P, X25) (1P, X 25)
Relay
SNDCP SNDCP arp GTP
he Le TCRUDP TCRUDP
. Relay
Dat,
ata fink ayer RLC e D BSSGP P P
Metwork Network Data link Data link
e e service service layer layer
PLL PLL
Physical layer Phy. layer Phy. layer Phy. layer Phy. layer
RFL == RFL = w1
Um Gh Gn Gi
SNDCP  Subnetwork dependent convergence protocol BSSGP  ESS GPRS application protocol
LLC Logical link control
RLC Radio link control arp GPRS tunneling protocal
MAC  Medium access control TCP Transmission control protocol
PLL Physical link layer uDp User datagram protocol
RFL Physical RF layer P Internet protocol
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GPRS Protocol Architecture: Signaling Plane

MS BSS SGSN
GMIM/SIV GMI/SI
LLC LLC

Relay ;
RLC RLC BSSGP ! BSSGP
MAC MAC Network i Network
SEVICE i SENICE
GSM RF ﬂ GSM RF Phy. layer m Fhy. layer

Lm

Ghb

GMWYSM: GPRS mobility managerment and session
management protocol
GSM RF:  GSM physical layer (radio interface), i.e., PLL and RFL
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GPRS Protocol Architecture: Signaling Plane

SGSN HLR (and EIR)

L L SGSN MSCA/LR

TCAP TCAP BSSAP+ BSSAP+

SCCP SCCP SCCP SCCP

MTF3 MTF3 MTP3 MTP3

MTF2 MTF2 MTP2 MTP2
Phy. layer m Phy. layer Phy. layer m Phy. layer

Gr (bzw. Gf) G=5
BSSAP+: BSS application part +

AP Mobile application part

TCAP: Transaction capabilities application part

SCCP: Signaling connection control part
IMTP: Massage transfer part
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5

Interworking Scenmario with IP Networks
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Interworking with IP Networks

Intra-PLMIN
GPRS backbone

Operator-spedfic
IP network

Firewvall

External IP network
(e.g.. Internet)
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Other (non-GPRS) 2G mobile packet data technologies

GPRS-136: ® for TDMA/136
® slightly modified version of GPRS for GSM

Advantages of GPRS compared to CDPD:
® QoS parameters

e CDPD needs separate set of databases for
subscriber profiles and mobility management

GPRS allows coordination between circuit switched and
packet switched mobility management

e dynamic IP address allocation
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