General Packet Radio Service (GPRS)

Introduction

General Packet Radio Service (GPRS) is a mobile data service available to users of GSM mobile phones. It is often described as "2.5G", that is, a technology between the second (2G) and third (3G) generations of mobile telephony. It provides moderate speed data transfer, by using unused TDMA channels in the GSM network. Originally there was some thought to extend GPRS to cover other standards, but instead those networks are being converted to use the GSM standard, so that is the only kind of network where GPRS is in use. GPRS is integrated into GSM standards releases starting with Release 97 and onwards. First it was standardised by ETSI but now that effort has been handed onto the 3GPP.

GPRS is different from the older Circuit Switched Data (or CSD) connection included in GSM standards releases before Release 97 (from 1997, the year the standard was feature frozen). In CSD, a data connection establishes a circuit, and reserves the full bandwidth of that circuit during the lifetime of the connection. GPRS is packet-switched which means that multiple users share the same transmission channel, only transmitting when they have data to send. This means that the total available bandwidth can be immediately dedicated to those users who are actually sending at any given moment, providing higher utilization where users only send or receive data intermittently. Web browsing, receiving e-mails as they arrive and instant messaging are examples of uses that require intermittent data transfers, which benefit from sharing the available bandwidth.

Usually, GPRS data are billed per kilobytes of information transceived while circuit-switched data connections are billed per second. The latter is to reflect the fact that even during times when no data are being transferred, the bandwidth is unavailable to other potential users.

GPRS originally supported (in theory) IP, PPP and X.25 connections. The latter has been typically used for applications like wireless payment terminals although it has been removed as a requirement from the standard. X.25 can still be supported over PPP, or even over IP, but doing this requires either a router to do encapsulation or intelligence built into the end terminal.
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How does GPRS work ?

GPRS is packet based, wherein GPRS data is handled as a series of "packets" that can be routed over several paths through the network, rather than as a continuous bit-stream over a dedicated dial-up connection. With GPRS, the information is split into separate but related "packets" before being transmitted and reassembled at the receiving end. The Internet itself is an example of a packet data network, the most famous of many such network types.
In second-generation mobile networks, calls are handled using traditional circuit-switching technology. A dedicated "circuit", or "timeslot", is allocated between two points for the duration of a call. No other phone can use this circuit during the call, regardless of whether any data is being transmitted or not. 
The GPRS standard is delivered in a very elegant manner - with network operators needing only to add a couple of new infrastructure nodes and making a software upgrade to some existing GSM network elements.

 Key User Features of GPRS 

The General Packet Radio Service (GPRS) is a new non-voice value added service that allows information to be sent and received across a mobile telephone network. It supplements today's Circuit Switched Data and Short Message Service. GPRS is NOT related to GPS (the Global Positioning System), a similar acronym that is often used in mobile contexts. GPRS has several unique features which can be summarized as:

SPEED

Theoretical maximum speeds of up to 171.2 kilobits per second (kbps) are achievable with GPRS using all eight timeslots at the same time. This is about three times as fast as the data transmission speeds possible over today's fixed telecommunications networks and ten times as fast as current Circuit Switched Data services on GSM networks. By allowing information to be transmitted more quickly, immediately and efficiently across the mobile network, GPRS may well be a relatively less costly mobile data service compared to SMS and Circuit Switched Data.

 

IMMEDIACY

GPRS facilitates instant connections whereby information can be sent or received immediately as the need arises, subject to radio coverage. No dial-up modem connection is necessary. This is why GPRS users are sometimes referred to be as being "always connected". Immediacy is one of the advantages of GPRS (and SMS) when compared to Circuit Switched Data. High immediacy is a very important feature for time critical applications such as remote credit card authorization where it would be unacceptable to keep the customer waiting for even thirty extra seconds.

NEW APPLICATIONS, BETTER APPLICATIONS

GPRS facilitates several new applications that have not previously been available over GSM networks due to the limitations in speed of Circuit Switched Data (9.6 kbps) and message length of the Short Message Service (160 characters). GPRS will fully enable the Internet applications you are used to on your desktop from web browsing to chat over the mobile network. Other new applications for GPRS, profiled later, include file transfer and home automation- the ability to remotely access and control in-house appliances and machines.

SERVICE ACCESS

To use GPRS, users specifically need: 

(1) a mobile phone or terminal that supports GPRS (existing GSM phones do NOT support GPRS) .

(2) a subscription to a mobile telephone network that supports GPRS use of GPRS must be enabled for that user. Automatic access to the GPRS may be allowed by some mobile network operators, others will require a specific opt-in knowledge of how to send and/ or receive GPRS information using their specific model of mobile phone, including software and hardware configuration (this creates a customer service requirement) 

(3) a destination to send or receive information through GPRS. Whereas with SMS this was often another mobile phone, in the case of GPRS, it is likely to be an Internet address, since GPRS is designed to make the Internet fully available to mobile users for the first time. From day one, GPRS users can access any web page or other Internet applications- providing an immediate critical mass of uses. 

Having looked at the key user features of GPRS, lets look at the key features from a network operator perspective.

Key Network Features of GPRS

PACKET SWITCHING

GPRS involves overlaying a packet based air interface on the existing circuit switched GSM network. This gives the user an option to use a packet-based data service. To supplement a circuit switched network architecture with packet switching is quite a major upgrade. However, as we shall see later, the GPRS standard is delivered in a very elegant manner- with network operators needing only to add a couple of new infrastructure nodes and making a software upgrade to some existing network elements.

With GPRS, the information is split into separate but related "packets" before being transmitted and reassembled at the receiving end. Packet switching is similar to a jigsaw puzzle- the image that the puzzle represents is divided into pieces at the manufacturing factory and put into a plastic bag. During transportation of the now boxed jigsaw from the factory to the end user, the pieces get jumbled up. When the recipient empties the bag with all the pieces, they are reassembled to form the original image. All the pieces are all related and fit together, but the way they are transported and assembled varies. The Internet itself is another example of a packet data network, the most famous of many such network types.

SPECTRUM EFFICIENCY

Packet switching means that GPRS radio resources are used only when users are actually sending or receiving data. Rather than dedicating a radio channel to a mobile data user for a fixed period of time, the available radio resource can be concurrently shared between several users. This efficient use of scarce radio resources means that large numbers of GPRS users can potentially share the same bandwidth and be served from a single cell. The actual number of users supported depends on the application being used and how much data is being transferred. Because of the spectrum efficiency of GPRS, there is less need to build in idle capacity that is only used in peak hours. GPRS therefore lets network operators maximize the use of their network resources in a dynamic and flexible way, along with user access to resources and revenues.

GPRS should improve the peak time capacity of a GSM network since it simultaneously:

allocates scarce radio resources more efficiently by supporting virtual connectivity

immigrates traffic that was previously sent using Circuit Switched Data to GPRS instead, and reduces SMS Center and signalling channel loading by migrating some traffic that previously was sent using SMS to GPRS instead using the GPRS/ SMS interconnect that is supported by the GPRS standards. 



 

INTERNET AWARE

For the first time, GPRS fully enables Mobile Internet functionality by allowing interworking between the existing Internet and the new GPRS network. Any service that is used over the fixed Internet today- File Transfer Protocol (FTP), web browsing, chat, email, telnet- will be as available over the mobile network because of GPRS. In fact, many network operators are considering the opportunity to use GPRS to help become wireless Internet Service Providers in their own right.

The World Wide Web is becoming the primary communications interface- people access the Internet for entertainment and information collection, the intranet for accessing company information and connecting with colleagues and the extranet for accessing customers and suppliers. These are all derivatives of the World Wide Web aimed at connecting different communities of interest. There is a trend away from storing information locally in specific software packages on PCs to remotely on the Internet. When you want to check your schedule or contacts, instead of using something like "Act!", you go onto the Internet site such as a portal. Hence, web browsing is a very important application for GPRS.

Because it uses the same protocols, the GPRS network can be viewed as a sub-network of the Internet with GPRS capable mobile phones being viewed as mobile hosts. This means that each GPRS terminal can potentially have its own IP address and will be addressable as such.

SUPPORTS TDMA AND GSM

It should be noted right that the General Packet Radio Service is not only a service designed to be deployed on mobile networks that are based on the GSM digital mobile phone standard. The IS-136 Time Division Multiple Access (TDMA) standard, popular in North and South America, will also support GPRS. This follows an agreement to follow the same evolution path towards third generation mobile phone networks concluded in early 1999 by the industry associations that support these two network types.

Circuit and Packet Switched

Circuit switched connections

Standard GSM uses circuit switched (CS) connections. Each time a connection is required between two points, a link is established between them, and network resources are reserved and dedicated for a subscriber's use for the entire duration of the call. Circuit switched connections have relatively low delay in the network and have traditionally been used in fixed and mobile networks for speech and data.

Packet switched connections

Data networks, such as the Internet, Frame Relay and X.25 use packet switched (PS) connections. With packet switching, the user data is organized in packets (datagrams), each packet having an identifier or address that is used by routers (switching elements)  in the network to pass the packet to its intended destination.

Hereby each packet is routed individually. GPRS brings packet switching techniques to GSM networks. A packet switched connection can be either connection less or connection orientated.


Circuit Switched vs Packet Switched
	Circuit Switched
	Packet Switched

	· End-to-end connection (call)

       establishment needed

· Dedicated resources (e.g. PCM-tsl) for one user are reserved during call establishment

· Only 30 - 40% of resources are

effectively used for speech    transfer

· Speech is transferred in real time

· Speech does not accept delays

· Errors in transmission are not so critical for speech

· Charging is usually based on time
	· Resources are shared between different user sessions, not dedicated

· Resources are requested on demand, more efficient use

· Packets are not sent in real time buffering and delay (in classical packet networks, e.g. IP)

· Error correction and detection possible

· Charging is usually based on volume (number of packets)


GPRS System Architecture and Concepts

Figure shows the architecture of a GPRS network. The GPRS system brings some new network elements to an existing GSM network. These elements are:

•     Packet Control Unit (PCU)

•     Serving GPRS Support Node (SGSN): the MSC of the GPRS network

•     Gateway GPRS Support Node (GGSN): gateway to external networks

•     Border Gateway (BG): a gateway to other PLMN

•     Intra-PLMN backbone: an IP based network inter-connecting all the GPRS elements

•     Charging Gateway (CG)

•     Legal Interception Gateway (LIG)

•     Domain Name System (DNS)

•      Firewalls: used wherever a connection to an external network is required.

Not all of the network elements are compulsory for every GPRS network.












Figure  GPRS architecture
Packet Control Unit (PCU)

The PCU separates the circuit switched and packet switched traffic from the user and sends them to the GSM and GPRS networks respectively. It also performs most of the radio resource management functions of the GPRS network. The PCU can be either located in the BTS, BSC, or some other point between the MS and the MSC. There will be at least one PCU that serves a cell

in which GPRS services will be available. Frame Relay technology is being used at present to interconnect the PCU to the GPRS core.

Channel Codec Unit (CCU)

The CCU is realised in the BTS to perform the Channel Coding (including the coding scheme algorithms), power control and timing advance procedures.

Serving GPRS Support Node (SGSN)

The SGSN is the most important element of the GPRS network. The SGSN of the GPRS network is equivalent to the MSC of the GSM network. There must at least one SGSN in a GPRS network. There is a coverage area associated with a SGSN. As the network expands and the number of subscribers increases, there may be more than one SGSN in a network. The SGSN has the following functions:

· Protocol conversion (for example IP to FR)

· Ciphering of GPRS data between the MS and SGSN

· Data compression is used to minimise the size of transmitted data units

· Authentication of GPRS users

· Mobility management as the subscriber moves from one area to another,

      and possibly one SGSN to another

· Routing of data to the relevant GGSN when a connection to an external

             network is required

· Interaction with the NSS (that is, MSC/VLR, HLR, EIR) via the SS7

      network in order to retrieve subscription information

· Collection of charging data pertaining to the use of GPRS users

· Traffic statistics collections for network management purposes.

Gateway GPRS Support Node (GGSN)

The GGSN is the gateway to external networks. Every connection to a fixed external data network has to go through a GGSN. The GGSN acts as the anchor point in a GPRS data connection even when the subscriber moves to another SGSN during roaming. The GGSN may accept connection request from SGSN that is in another PLMN. Hence, the concept of coverage area does not apply to GGSN. There are usually two or more GGSNs in a network for redundancy

purposes, and they back up each other up in case of failure. The functions of a GGSN are given below:

•     Routing mobile-destined packets coming from external networks to the

      relevant SGSN

•     Routing packets originating from a mobile to the correct external network

•     Interfaces to external IP networks and deals with security issues

•     Collects charging data and traffic statistics

•     Allocates dynamic or static IP addresses to mobiles either by itself or

        with the help of a DHCP or a RADIUS server

•      Involved in the establishment of tunnels with the SGSN and with other

        external networks and VPN.

From the external network's point of view, the GGSN is simply a router to an IP sub-network. This is shown below. When the GGSN receives data addressed to a specific user in the mobile network, it first checks if the address is active. If it is, the GGSN forwards the data to the SGSN serving the mobile. If the address is inactive, the data is discarded. The GGSN also routes mobile originated packets to the correct external network.

GPRS MS

Different GPRS MS classes were introduced to cope with the different needs of  future subscribers. The mobiles differ in their capabilities.

Three GPRS MS classes were defined:

•  Class A:

With a class A mobile GSM circuit switched services and GSM GPRS services can be simultaneously activated. A subscriber can get data from an active GPRS link while simultaneously making a phone call. A class A mobile allows also a simultaneous attach, activation and monitor of the classical GSM and GPRS services.

•  Class B:

A class B mobile allows a simultaneous attach, activation and monitor of the circuit switched GSM and GPRS services. It does not allow a simultaneous transmission of user data on GSM and GPRS. For instance, a subscriber has established a GPRS data connection and receives data packets. A mobile terminating GSM circuit switched call

is indicated. The subscriber accepts the call. While he is making the voice call, the GPRS virtual connection is “held or busy”, but no packet data transfer is possible. Having terminated the voice call, packet data can again be transmitted via the still existing GPRS virtual connection.

•  Class C:

A class C mobile is either a pure GPRS MS or it supports both GSM circuit switched services and GPRS. If it supports both then it can be used only in one of the two modes. If a subscriber switches his mobile into GPRS mode, he can originate or terminate GPRS calls, but he can no longer originate or terminate GSM circuit switched calls.

Domain Name Servers

These devices convert IP host names into IP addresses. The backbone DNS is not used by mobile stations. Instead network element convert for example Access Point Names to IP addresses (e.g. APN “Internet”= 133.44.15.5). There is a primary DNS server and a secondary DNS server. Details of DNS were described in Introduction to TCP/IP module, and information is also found in the TCP IP for Mobile Packet Core.

In the specifications, the DNS functionality is included in the SGSN. However, the main vendors have chosen to separate the DNS functions from the SGSN.

Firewalls

A firewall protects an IP network against external attack (for example, hackers from the mobile users or from the Internet). In the case of GPRS, the firewall might be configured to reject all packets that are not part of a GPRS subscriber-initiated connection. The firewall can also include NAT (Network Address Translation).

Border Gateway

The Border Gateway (BG) is a router that can provide a direct GPRS tunnel between different operators' GPRS networks. This is referred to as an inter-PLMN data network. It is more secure to transfer data between two operators' PLMN networks through a direct connection rather than via the public Internet. The Border Gateway will commence operation once the GPRS roaming agreements between various operators have been signed. It will essentially allow a roaming subscriber to connect to company intranet through the Home GGSN via the visiting PLMN network.

Charging Gateway

GPRS users have to be charged for the use of the network. In a GSM network, charging is based on the destination, duration, and time of call. However, GPRS offers connectionless service to users, so it not possible to charge subscribers on the connection duration. Charging has to be based on the volume, destination, QoS, and other parameters of a connectionless data transfer. These GPRS charging data are generated by all the SGSNs and GGSNs in the network. This data is referred to as Charging Data Records or CDRs. One data session may generate a number of CDRs. The CDR must be collected and processed. The Charging Gateway (CG) collects all of these records, sorts them, processes it, and passes it on to the Billing System. Here the GPRS subscriber is billed for the data transaction. All CDRs contain unique subscriber and connection identifiers to distinguish it. A protocol called GTP' (pronounced GTP prime) is used for the transfer of data records between GSNs and the Charging Gateway.

GPRS Interfaces

 TE  
Technical Equipment

 MT 
Mobile Terminal

       
TE together with MT forms Mobile Station (MS)

 Gb      Interface between an SGSN and a BSS.

 Gc
Interface between a GGSN and an HLR (Optional)

 Gd
Interface between an SMS-GMSC and an SGSN, and between an SMS-IWMSC and an SGSN

 Gf
Interface between an SGSN and an EIR. (Optional)

 Gi
Reference point between GPRS and an external packet data network.

 Gn
Interface between two GSNs within the same PLMN.

 Gp
Interface between two GSNs in different PLMNs. The Gp interface allows support of GPRS network services across areas served by the co-operating GPRS PLMNs.

 Gr
Interface between an SGSN and an HLR.

 Gs
Interface between an SGSN and an MSC / VLR.

 Ga
Interface between SGSN/GGSN and a Charging Gateway (CG).

 Each GPRS PLMN has two access points viz. R and Urn.

  R
Reference point between a non-ISDN compatible TE and MT. Typically this reference point supports a standard serial interface and is used for origination or reception of messages. The R reference point for the GPRS MSs is defined in GSM 07.60.

 Um
Interface between the mobile station (MS) and the GPRS fixed network part. The Um interface is the GPRS network interface for providing packet data services over the radio to the MS. The MT part of the MS is used to access the GPRS services through this interface.

Up- gradation Requirements of the GSM Network elements

Introduction of GPRS in the GSM network requires carrying out following changes in the existing Hardware/Software to support GPRS services:

i) 
Base Station Subsystem (BSS)

ii) 
Home Location Register (HLR)

iii)
Network Sub System (NSS)

Besides the above, necessary integration of 'Billing, Network Management, Operation & Management Center, Wireless data nodes such as WAP server etc with the GPRS system shouldl be supported. 

Base Station Subsystem (BSS)

BSS must be upgraded to support following capabilities without affecting the GSM services.

1.    The GPRS system should communicate with the MSs over the air using radio signals 
transmitted from and received by a BSS.

2.  The BSS should handle the transmission and reception of radio signals for speech/circuit data and packet data communication. Also the BSS should be able to separate speech/circuit data and packet data RF Time slots from each other to let only the packet data to reach the SGSN.

3.       GPRS should coexist together with GSM using the air interface physical channel.

4.
BSS should provide distribution of radio resources requirement for circuit and packet        services and the priority thereby. In case of high loaded cell the priority shall be given to circuit switched calls.

5.     It should be possible to either dedicate a fixed number of channels in the radio network for GPRS. Also it shall be possible to dynamically convert a voice radio channel in to GPRS channel.

6.        The BSC should have the following GPRS-specific functionality:

 i)  Frame Relay and BSSGP interface to SGSN 

ii) Allocation of PDCH in cells

iii) Distributing paging

iv) GPRS system information broadcast

v)  RLC/MAC interface to MS

vi) GPRS radio resource handling

7.        The BTS should have the following GPRS-specific functionality:

            i) Support of PDCH

            ii) RF interface to MS

            iii) Packet Control Unit (PCU): The PCU implementation shall support data on A-bis  interface and terminate the PDCHs on the air interfaces. The PCU shall also perform the function of grooming of data from the air interface and 'consolidate to the Gb interface.

The PCU hardware/software should be BSC embedded and it shall be possible to expand, create and modify the PCU related parameters using OMC-R. The PCU configuration (on Gb resources) should be dynamic. It should be possible to share Elrgs across the hardware blocks where PCU is implemented.

It shall be possible to support following multiple coding schemes using the same PCU hardware/ software. There should be at least N=l redundancy for the PCU software.

	Coding
	Code Rate
	Data Rate
	Max. Data Rate

	Scheme
	(Per Timeslot)
	(kbps)
	(kbps)

	CS-l
	1/2
	9.05
	72.4

	CS-2
	2/3
	13.4
	107.2

	CS-3
	3/4
	15.6
	124.8

	CS-4
	1
	21.4
	171.2


Home Location Register (HLR)

The HLR should be upgraded to store information for Packet Switched communication without affecting the GSM services.

1      The HLR should contain information of supplementary services, authentication parameters, and whether or not packet communication is allowed in addition to information about the location of the MS. For GPRS, subscriber information must be exchanged between HLR and SGSN. The HLR should "also store the subscription information regarding mobile-terminated SMS, which include the option of SM transfer via the SGSN to the MS.

2       HLR should be able to store the permanent information of GPRS user and provide related user data to SGSN on demand. HLR shall update the data on demand, and inform appropriate SGSN.

3      HLR should be able to store GPRS subscriber location information and update and remove the information on demand, and inform the appropriate SGSN.

4       At the same time, HLR should also provide GPRS route information for GPRS service   or Short Message Service initiated at network side according to the location information.

5     HLR should be able to request authentication triplets from AuC and provide SGSN with authentication parameters.

6        There, should be Backup actions for critical software and hardware of the HLR system. Redundancy N+1 or 1 + 1 shall be provided. For continuous operation of the system, the system shall provide software and hardware on-line recovery capability.

Network Sub System (NSS)

 NSS should be upgraded to support following capabilities without affecting the GSM services.

     1 The Gateway and inter-working MSC shall be upgraded to support SMS         transmission  via the SGSN.

     2  The MSCNLR should be enhanced for more efficient co-ordination of GPRS and      non-GPRS services e.g. paging for circuit switched calls via the SGSN, combined location updates for GPRS and non-GPRS mobiles etc.

GPRS NETWORK PLANNING

As already stated, the main difference between GSM and GPRS networks is the addition of a packet-data handling capability in GPRS. All the differences in network planning are due to this additional aspect. Radio network planning and core network planning are aspects most affected, while transmission network planning experiences minimal changes

Radio Network Planning

The radio network remains largely the same as with GSM Some of the aspects change owing to the introduction of packet data. This mainly affects the dimensioning and detailed planning, which directly affect the coverage and capacity planning, leading to an impact on radio network quality. In GSM, radio network quality meant voice quality, but in a GPRS network quality includes both voice and data quality This leads to changes in the key performance indicators (KPls). In the following, only areas that need changing with respect to radio planning in GSM are explained. Fundamental

Concepts include the following: 
· logical channels.

· Coding schemes.

· Management: RRM and MM (radio resource and mobility management).

· Resource allocation

· Power control.

SESSION MANAGEMENT, MOBILITY MANAGEMENT AND ROUTING.

In PS domain there is no concept of call set up. Therefore the normal procedures of call handling as in case of Circuit Switching are not applicable here. However, an analogous concept termed as sessions is applicable in this case. In this section, we describe some of the features related to session management and illustrate that how a mobile station (MS) registers with the GPRS network and becomes known to an external packet data network (PDN). We show how packets are routed to or from mobile stations, and how the network keeps track of the current location of the user.

For MSs using both circuit switched and packet switched services, it is possible to perform  combined GPRS/ IMSI attach procedures. The disconnection from the GPRS network is called GPRS detach. It can be initiated by the MS or by the network (SGSN or HLR).

ATTACHMENT AND DETACHMENT PROCEDURE

'GPRS Attach' Function: For an MS to use GPRS services, it must register with an SGSN of the GPRS network. The network checks if the user is authorized, copies the" user profile from the HLR to the SGSN, and assigns a Packet Temporary Mobile Subscriber Identity  (P- TMSI) to the user.

Session Management, PDP Context
After successful GPRS Attach, MS has to exchange data packets with external PDNs. It must apply for one or more addresses used in the PDN, e.g., for an IP address in case the PDN is an IP network. This address is called PDP address (Packet Data Protocol address). For each session, a so-called PDP context is created, which describes the characteristics of the session. It contains the PDP type (e.g., IPv4), the PDP address assigned to the mobile station (e.g., 129.187.222.10), the requested QoS, and the address of a GGSN that serves as the access point to the PDN. This context is stored in the MS, the SGSN, and the GGSN. With an active PDP context, the mobile station is "visible" for the external PDN and is able to send and receive data packets. The mapping between the two addresses, PDP and IMSI, enables the GGSN to transfer data packets between PDN and MS. A user may have several simultaneous PDP contexts active at a given time.

The allocation of the PDP address can be static or dynamic. In the first case, the network operator of the user's home-PLMN permanently assigns a PDP address to the user. In the second case, a PDP address is assigned to the user upon activation of a PDP context. The PDP address can be assigned by the operator of the user's home-PLMN (dynamic home​PLMN PDP address) or by the operator of the visited network (dynamic visited-PLMN PDP address). The home network operator decides which of the possible alternatives may be used. In case of dynamic PDP address assignment, the GGSN is responsible for the allocation and the activation! deactivation of the PDP addresses. The PDP context specifications are shown in figure below  Following are the steps taken:

Step#l

The MS informs the SGSN about the requested PDP context, using the message "Acti​vate PDP Context Request". If dynamic PDP address assignment is requested, the pa​rameter PDP address will be left empty. 
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Step#2

Security functions (e.g., Authentication of the user) are performed.

Step#3

If access is granted, the SGSN will send a "Create PDP Context Request" message to the concerned GGSN.

Step#4

The GGSN creates a new entry in its PDP context table, which enables the GGSN to route data packets between the SGSN and the external PDN. The GGSN returns a confirmation message "Create PDP Context Response" to the SGSN, which contains the PDP address in case dynamic PDP address allocation was requested.

Step#5

The SGSN updates its PDP- context table and confirms the activation of the new PDP context to the MS ("Activate PDP Context Accept").

GPRS also supports anonymous POP context activation. In this case, security functions as are skipped, and thus, the user (i.e., the IMSI) using the POP context remains unknown to the network. Anonymous context activation may be employed for pre-paid services, where the user does not want to be identified. Only dynamic address allocation is possible in this . case.
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Fig a

ROUTING

Refer Figure-a showing IP based GPRS backbone network. It gives an example of how packets are routed in GPRS. We assume that the packet data network is an IP network. A GPRS mobile station located in PLMNI sends IP packets to a host connected to the IP network, e.g., to a Web server connected to the Internet. The SGSN in which the mobile station is registered, will encapsulates the IP packets coming from the mobile station, examines the PDP context, and routes them through the intra-PLMN GPRS backbone to the appropriate GGSN.

The GGSN decapsulates the packets and sends them out on the IP network, where IP routing mechanisms are used to transfer the packets to the access router of the destination network. The latter delivers the IP packets to the host.

Let us assume the home-PLMN of the mobile station is PLMN2. An IP address has been assigned to the mobile by the GGSN of PLMN2. Thus, the MS's IP address has the same network prefix as the IP address of the GGSN in PLMN2. The corresponding host is now sending IP packets to the MS. The packets are sent out onto the IP network and are routed to the GGSN ofPLMN2 (the home-GGSN of the MS). The latter queries the HLR and obtains the information that the MS is currently located in PLMN I. It encapsulates the incoming IP packets and tunnels them through the inter-PLMN GPRS backbone to the appropriate SGSN in PLMN I. The SGSN decapsulates the packets and delivers them to the MS.

LOCATION  MANAGEMENT

The main task of location management is to keep track of the user's current location, so that incoming packets can be routed to the concerned MS. For this purpose, the MS frequently sends location update messages to its current SGSN. If the MS sends updates rather seldom, its location (e.g., its current cell) is not known exactly and paging is necessary for each downlink packet, resulting in a significant delivery delay. On the other hand, if location updates happen very often, the MS's location is well known to the network, and the data packets can be delivered without any additional paging delay. However, quite a lot of uplink radio capacity and battery power is consumed for mobility management in this case. Thus, a good location management strategy must be a compromise between these two extreme methods.

For this reason, a model shown in Figure (below) can be defined for location management in GPRS. A MS can be in one of three states (viz., Idle, Ready or Standby). Depending on its current traffic amount; the location update frequency is dependent on the state of the MS.

In IDLE state the MS is not reachable. Performing a GPRS attach, the MS gets into READY state. With a GPRS detach it may disconnect from the network and fall back to IDLE state. All POP contexts will be deleted. The STANDBY state will be reached when an MS does not send any packets for a longer period of time, and therefore the READY timer (which was started at GPRS attach) expires.
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In IDLE state, no location updating is performed, i.e., the current location of the MS is unknown to the network. An MS in READY state informs its SGSN of every movement to a new cell. For the location management of an MS in STANDBY state, a GSM is divided into several areas. In general, an RA (Routing Area) consists of several cells. The SGSN will only be informed when an MS moves to a new RA; cell . changes will not be disclosed. To find out the current cell of an MS in STANDBY state, paging of the MS within a certain RA must be performed.

For MSs in READY state, no paging is necessary.
Whenever an NIS moves to a new RA, it sends a "routing area update request" to its assigned SGSN (see Figure below). The message contains the RDl1ter Area Identity of its old RA. The base station subsystem (BSS) adds the new cells, from which the SGSN can derive the new RAI. Two different scenarios are possible:
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Intra-SGSN routing area update (as in Figure above): The MS has moved to an RA that is assigned to the same SGSN as the old RA. In this case, the SGSN has already stored the necessary user profile and can assign a new to the user ("routing area update accept"). Since the routing context does not change, there is no need to inform other network elements, such as GGSN or HLR.

Inter-SGSN routing area update: The new RA is administered by a different SGSN than the old RA. The new SGSN realizes that the MS has changed to its area and requests the old SGSN to se d the PDP contexts of the user.
Afterward, the new SGSN informs the involved GGSNs about the user's new routing context. In addition, the HLR and (if needed) the MSCNLR are informed about the user's new SGSN.
.

There also exist combined RAILA updates. These occur when an MS using GPRS as well as conventional GSM moves to a new LA. The MS sends a "routing area update request" to the SGSN. The parameter "update type" is used to indicate that an LA update is needed. The message is then forwarded to the VLR, which performs the LA update.

To sum up, GPRS mobility management consists of two levels: Micro mobility management tracks the current routing area or cell of the mobile station. It is performed by the SGSN. Macro mobility management keeps track of the mobile station's current SGSN and stores it in the HLR, VLR, and GGSN.

AIR INTERFACE-PHYSICAL LAYER

MULTIPLE ACCESS AND RADIO RESOURCE MANAGEMENT PRINCIPLES

GSM uses a combination of FDMA and TDMA for multiple access. As shown in the Figure below, two frequency bands, 45 MHz apart have been reserved for GSM

[image: image7.png]



operation viz., (890 to 915) MHz for transmission from the MS, Le., Uplink, and (935 to 960) MHz for transmission from the BTS, i.e., Downlink. The 25 MHz bandwidth is divided into 124 single carrier channels of200 kHz width. A certain number of these frequency channels is allocated to a BTS, (i.e., to a Cell) for providing the service.

Each of the 200 kHz frequency channels carries eight TDMA channels by dividing each of them into eight time slots. The eight time slots in these TDMA channels form a TDMA frame. Each time slot of a TDMA frame lasts for a duration of 156.25 bit times and, if used, contains a data burst. The time slot lasts 15/26 ms = 576.9μs; so a frame takes 4.613 ms. The recurrence of one particular time slot defines a physical channel. A GSM mobile station uses the same time slot  in the uplink as in the downlink.
.

The channel allocation in GPRS is different from the original GSM. GPRS allows a single mobile station to transmit on multiple time slots of the same TDMA frame (multislot operation). This results in a very flexible channel allocation: one to eight time slots per TDMA frame can be allocated for one mobile station. Moreover, uplink and downlink are allocated separately, which efficiently supports asymmetric data traffic (e.g., Web browsing).
.

In conventional GSM, a channel is permanently allocated for a particular user during the entire call period (whether data is transmitted or not). In contrast to this, in GPRS the channels are only allocated when data packets are sent or received, and they are released after the transmission. For bursty traffic this results in a much more efficient usage of the scarce radio resources. With this principle, multiple users can share one physical channel.

A cell supporting GPRS may allocate physical channels for GPRS traffic. Such a physical channel is denoted as the PDCHs (Packet Data Traffic Channel) are taken from the common pool of all channels available in the cell. Thus, the radio resources of a cell are shared by all GPRS and non-GPRS mobile stations located in this cell. The mapping of physical channels to either packet switched (GPRS) or circuit switched (conventional GSM) services can be performed dynamically. Futher, it based on capacity demand, depending on the current traffic load, the priority of the service and the multi slot class. A.

load supervision procedure monitors the load of the PDCHs in the cell. According to the current demand, the number of channels allocated for GPRS (Le., the number ofPDCHs) can be changed. Physical channels not currently in use by conventional GSMcan be allocated as PDCHs to increase the quality of service for GPRS. When there is a resource demand for services with higher priority, PDCHs can be de-allocated.

LOGICAL CHANNELS IN GPRS

On top of the physical channels, a series of logical channels are defined to perform a multiplicity of functions, e.g., signalling, broadcast of general system information, synchronization, channel assignment, paging, or payload transport. Table below lists the packet data logical channels defined in GPRS. As with conventional GSM, they can be divided into two categories: traffic channels and signaling (control) channels.

	Group
	Channel
	Function
	Direction

	Packet data traffic channel
	PDTCH
	Data traffic
	MS◄►BSS

	Packet broadcast control channel
	PBCCH
	Broadcast control
	MS◄BSS

	Packet common control channel (PCCCH)
	PRACH

PAGCH

PPCH

PNCH
	Random access Access grant

Paging

Notification
	MS►BSS

MS◄BSS

MS◄BSS

MS►BSS

	Packet dedicated control channels
	PACCH

PTCCH


	Associated 

Control

Timing advance control
	MS◄►BSS

MS◄►BSS


TABLE
The Packet Data Traffic Channel (PDTCH) is employed for the transfer of user data. It is assigned to one MS (or in the case of PTM (point to Multipoint) to multiple mobile stations). One mobile station can use several PDTCHs simultaneously.

The Packet Broadcast Control Channel (PBCCH) is a unidirectional point-to-multipoint signaling channel from the BSS to the MS. It is used by the BSS to broadcast specific infom1ation about the organization of the GPRS radio network to all GPRS mobile stations of a cell. Besides system information about GPRS, the PBCCH should also broadcast important system information about circuit switched services, so that a GSM/GPRS mobile station does not need to listen to the Broadcast Control Channel (BCCH).
The Packet Common Control Channel (PCCCH) is a bidirectional point-to multipoint signaling channel that transports signaling information for network access management, e.g., for allocation of radio resources and paging. It consists of four sub-channels:

· The Packet Common Control Channel (PCCCH) is used by the mobile to request one or more PDTCH.
.

· The Packet Access Grant Channel (PAGCH) is used to allocate one or more PDTCH to a mobile station.

· The Packet Paging Channel (PPCH) is used by the BSS to find out the location of a mobile station (paging) prior to downlink packet transmission.

· The Packet Notification Channel (PNCH) is used to inform a mobile station


of incoming PTM messages (multicast or group call).

The dedicated control channel is a bidirectional point-to-point signaling channel. It contains the channels PACCH and PTCCH :

· The Packet Associated Control Channel (PACCH) is always allocated in combination with one or more PDTCH that are assigned to one mobile station. It transports signaling information related to one specific mobile station (e.g., power control information).

· The Packet Timing Advance Control Channel (PTCCH) is used for adaptive framc synchronization.

The coordination between circuit switched and packet switched logical channels is important. If the PCCCII is not available in a cell, a mobile station can use the Common Control Channel (CCCH) of conventional GSM to initiate the packet transfer. Moreover. if the PI3CCH is not available, it will listen to the Broadcast Control Channel (BCCH) to get informed about the radio network.
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Figure Uplink channel allocation (mobile originated packet transfer)

Figure above shows the principle of the uplink channel allocation (mobile originated packet transfer). A mobile station requests radio resources for uplink transfer by sending a "packet channel request" on the PRACH or RACH. The network answers on the PAGCH or AGCH, respectively. It tells the mobile station which PDCHs it may use. A so-called Uplink State Flag (USF) is transmitted in the downlink to tell the mobile station whether or not the uplink channel is free.

MAPPING OF PACKET DATA LOGICAL CHANNELS ONTO PHYSICAL CHANNELS

The mapping of logical channels onto physical channels has two components: mapping in. frequency and mapping in time. The mapping in frequency is based on the TDMA frame number and the frequencies allocated to the BTS and the mobile station. The mapping in time is based on the definition of complex multiframe structures on top of the TDMA frames. A multiframe structure for PDCHs consisting of 52 TDMA frames is shown in Figure below. In this four consecutive TDMA frames form one block (12 blocks, 80 to B 11). Here two TDMA frames are reserved for transmission of the PTCCH, and the remaining two frames are idle frames.
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Figure  Multiframe structure with 52 frames

The mapping of the logical channels onto the blocks BO-B II of the multiframe can vary' from block to block and is controlled by parameters that are broadcast on the PBCCH. Standards have defined which time slots may be used by a logical channel. Besides the 52-multi frame, which can be used by all logical GPRS channels, a 51​multi frame structure is also defined. It is used for PDCHs carrying only the logical channels PCCCH and PBCCH and no other logical channels.

CHANNEL CODING
.

Channel coding is used to protect the transmitted data packets against errors. The channel coding technique in GPRS is quite similar to the one employed in conventional GSM. An outer block coding, an inner convolutional coding, and an interleaving scheme is used.
Four different coding schemes are defined. The concept of encoding process is illustrated in Figure below.
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Figure - Encoding of GPRS data packets.

For the coding of the traffic channel (PDTCH), one of the four coding schemes is  chosen, depending on the quality of the channel. Under very bad channel conditions, we may use CS-l and obtain a data rate of 9.05 kbit/s per GSM time slot, but a very reliable coding. Under good channel conditions, we transmit without convolutional coding and achieve a data rate of 21.4 kbit/s per time slot. With eight time slots, we obtain a maximum data rate of 171.2 kbit/s. In practice, multiple users share the time slots, and thus, a much lower bit rate is available to the individual user. For example, approximately 40 kbit/s per user will be achieved, if three users share the time slots and CS-3 is employed. CS-l is used for the coding of the signaling channels.

After encoding, the code words are input into a block interleaver of depth 4. On the receiver side, the code words are de-interleaved. The decoding is performed using the well know Viterbi Algorithm.

Resource Allocation

   Radio time-slot allocation also changes in the GPRS air interface. It becomes more dynamic A GPRS mobile is capable of using the network both for voice (CS) and data (CS and PS) GPRS traffic is managed by the BSC as it does the allocation of resources for the CS 31 PS data. The time slots that handle the CS traffic fall under CS territory and the time slots that handle PS traffic fall under the GPRS territory. Some of the time slots are in dedicated mode and some in default. Each group of time slots is known as a territory). 

Consider a base station with two transceivers, TRX 1 and TRX2. There are eight radio time slots in each of the two TRXs. In TRX1, two TS are allocated to the signaling (i.e.

TRX-1▼


[image: image11]
TRX-2▲

Figure  GPRS timeslot allocation to CS and PS traffic.

BCCH and PBCCH). Of the remaining six, three fall under dedicated territory and three under default territory. The TS that are to be used only for the packet data (so cannot re used for the CS traffic) are known as dedicated time slots and fall under dedicated territory. The remaining three TS can be used for both voice and data and fall under default territory.

The eight time slots that are used for voice traffic come under the CS territory. Consider a case when all the eight TS in TRX2 are occupied and there is a ninth call; then one TS from the default territory is assigned to this CS traffic. Once the traffic in TRX2 decreases, the call on the default will be switched back to CS territory, leaving the default time slots fur possible PS traffic.

Power Control

Power control in GPRS networks is more complicated because of the addition of the PS traffic. Power control takes place in both the uplink and downlink directions. The uplink Power control is used to reduce interference and helps in increasing the battery life of t mobile station. In the downlink direction, the power control feature is used to control output power of the base station and subsequently help in decreasing the interference in the network. As in a GSM system, the mobile station performs the measurements and based on these, the output power of the base station is controlled.

Temporary Block Flow (TBF)

This is a new concept introduced into GPRS networks. The network and mobile establish

A connection for data flow. This connection is unidirectional in nature and is maintained For the duration of the call. It is established for the packet data (i.e. blocks) and is not permanent (hence temporary block flow). It can be uplink, downlink or simultaneous uplink

downlink.

The Radio Network Planning Process

Both GSM and GPRS have the same radio-wave propagation principles. The one important extra consideration is the addition of data traffic. Pre-planning and nominal planning steps, such as site survey and site selection, remain the same as with GSM, as explained earlier. Detailed planning of the GPRS network takes account of the data traffic and new equipment added to the network for this. The detailed planning again focuses on coverage, capacity, frequency and parameter planning.

Coverage Planning


Coverage in a GPRS network depends are the SIN (signal-to-noise ratio) and data transmission rates. Interference can be a limiting factor for the maximum data rate in the network each of the coding schemes (CS-l, CS- 2, etc.) works for a certain range of CII (channel to interference ratio) for a given value of block error rate (BLER).

The coverage plans are made with the objective of providing a balanced link budget for both the uplink and downlink directions. The link budget is similar to that of a GSM radio network. However, the threshold requirements change in GPRS networks, thereby giving a different coverage area by a cell. The two main parameters that are required required for link budget calculation are the transmitted power (from) mobile station and base station and the receiver sensitivity. As the coding schemes in a GPRS radio network have different SIN requirements, the areas covered will be different. Coding scheme CS-l covers a large area compared to scheme CS-4. One important change that is seen in the link budget calculations is the removal of a body loss value for CS- 2, thereby giving GPRS services a 3 dB advantage compared with GSM services. The SI/N requirements for CS-3 and CS-4an quite high, thereby reducing the area covered by them. CS-l and CS-2 are usually used for GPRS radio network coverage planning, while CS-3 and CS-4 are used for the call centre. As coverage in a GPRS network is limited by interference (rather than by noise), the G ratio distribution becomes a detrimental factor in coverage area predictions.

Capacity Planning

Capacity planning of a GPRS network may be subdivided into two parts: capacity planning for the radio interface and capacity planning f9r'the Gb interface. In, this section, we deal with capacity planning for the radio interface.

The network has three kinds of traffic: voice, CS data and PS data. All these have to be considered when doing capacity planning for the radio interface. Circuit-switched traffic always has priority over PS traffic, but owing to the delay-sensitive nature of some PS services, some time slots are dedicated to carry the PS traffic only.

CS traffic calculations, as with GSM, pre-dominantly involves the Erlang B tables, blocking and C/I thresholds. Assume the case shown earlier in Figure There is one cell that has two TRXs. In ideal conditions (i.e. without blocking), 14 (voice) users can use the time slots continuously, so traffic of 14 Erlg would be generated if there is no blocking. If the number of voice users is reduced to eight, then the remaining six time slots can Ix used for data. It should be noted, however, that data which are not delay-sensitive could still be sent through the gaps in the air interface. Only the data that are delay sensitive need uninterrupted availability of time slots.

When an existing GSM network is upgraded to a GPRS network, the available capacity falls short for the PS data. Increasing the number of TRXs and the time slots in GPRS territories (dedicated + default) would be one effective way to tackle the capacity problem.

Quality of service (QoS) has a deep impact on capacity planning. An increased load would decrease the quality of a call. For critical applications, a minimum QoS should be met, which means that the loading can increase only up to a certain point. Thus, frequency planning takes an important place in achieving a desired QoS level in a GPRS radio network.

Frequency Planning

Coverage and capacity planning go hand-in-hand, and coverage planning is quite related to frequency planning. An effective frequency plan will increase coverage areas significantly and limit interference (as will power control).

The principles and methods of frequency re-use (the same as used in GSM radio net​works, e.g. frequency hopping) are used extensively so that the spectrum is used effectively. Power control is more necessary in the downlink direction. Using the BCCH layer does this. The BCCH layer has an important characteristic, namely that burst transmission in the DL is constant and with full power. This means that variation in throughput is due to user multiplexing over the same time slot, thereby making the time slot capacity constant (and independent of the GPRS traffic load). Time slot capacity is also interference limited. With an increase of traffic, the number of users per time slot decreases because of interference.

Thus, in a GPRS network, interference reduction becomes quite an important aspect of the whole network-planning scenario.

Parameter Planning
Parameter planning in a GPRS network can be considered to be an extension of GSM parameter planning. Signalling, RRM, power control, handover, etc., are still relevant, and extra parameters related to packet data are added. The major enhancements are in the signalling parameters. 

As seen earlier in Table, there is whole list of parameters associated with the signalling of packet data transfer. One important parameter to decide is whether or not the GPRS traffic goes on the BCCH time slot. Then there are parameters that are related to defining the GPRS territory. Lastly, there life parameters related to routing and location area codes, to ensure enough capacity is available for paging.

Transmission Network Planning

The fundamental concepts remain the same as for a GSM network ,However, one extra aspect that transmission-planning engineers have to deal with is PCU dimensioning. The packet control unit is located in the BSC, as shown in figure. It is . responsible for management of the GPRS (or packet) traffic.


The main aspect of dimensioning of the PCU is its capacity with respect to:

· the maximum number of PDP contexts

· the maximum number of TRXs 

· the maximum number of BTSs

· the  maximum number of PCM lines towards the A-bis and towards the Gb interface, as well as the traffic on the Gb interface

· the maximum number of location areas, and routing areas.
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 Packet Core Network Planning

Owing to the introduction of packet data, core network planning is subdivided into two major parts: planning for the circuit core and for the packet core. Planning for the circuit core remains more or less as usual. so will not be repeated here. This section covers planning for the packet core.

The most important aspect of packet core network planning is dimensioning of the three interfaces. Gb, Gn and Gj (refer back to Figure GPRS Architecture). 
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