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WIRELESS AND MOBILE NETWORK NOTES
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Topics and subtopics:

Unit - I Introduction to GSM
1.1 Global System for Mobile communication (GSM) architecture, GSM frequency spectrum, GSM radio aspects, GSM Supplementary services, GSM channel types
1.2 Call processing in GSM :Registration/location update, mobile terminated call and mobile originate call
1.3 Mobility management: Location update procedure: Inter LA movement, Inter MSC movement, Inter VLR movement
1.4 Concept of roaming
1.5 Types of area: Location area, Routing area, Tracking area
1.6 Network signaling: GSM protocol model

1.1 Global System for Mobile communication (GSM) architecture, GSM frequency spectrum, GSM radio aspects, GSM Supplementary services, GSM channel types

Global System for Mobile communication (GSM) architecture –
GSM Architecture
GSM architecture is typically divided into three main subsystems:
1. Mobile Station (MS)
· Components: Mobile Equipment (ME) + Subscriber Identity Module (SIM)
· Function: MS is the user's mobile phone. The SIM card stores subscriber information like IMSI (International Mobile Subscriber Identity) and authentication keys.
2. Base Station Subsystem (BSS)
· Components: Base Transceiver Station (BTS) + Base Station Controller (BSC)
· BTS: Handles radio communication with the mobile phones. Each BTS covers a cell.
· BSC: Manages multiple BTSs, handles handovers, radio resources, and frequency allocation.
3. Network and Switching Subsystem (NSS)
· Components: Mobile Switching Center (MSC), Home Location Register (HLR), Visitor Location Register (VLR), Authentication Center (AUC), Equipment Identity Register (EIR)
· MSC: Handles call setup, routing, and mobility management.
· HLR: Database of all subscribers in a network (permanent info).
· VLR: Temporary database of subscribers currently in a service area.
· AUC: Provides security and authentication.
· EIR: Stores lists of valid, blacklisted, or stolen mobile devices.
4. Operation and Support Subsystem (OSS)
· Monitors and maintains network performance, failures, and operations.
GSM frequency spectrum –

GSM Frequency Spectrum
GSM uses different frequency bands depending on the region:

	Region
	Uplink (MS → BTS)
	Downlink (BTS → MS)

	GSM 900
	890–915 MHz
	935–960 MHz

	GSM 1800 (DCS)
	1710–1785 MHz
	1805–1880 MHz

	GSM 1900 (PCS)
	1850–1910 MHz
	1930–1990 MHz




GSM Radio Aspects
1. Multiple Access Method:
· GSM uses TDMA (Time Division Multiple Access) + FDMA (Frequency Division Multiple Access).
· FDMA: Splits the spectrum into frequency channels.
· TDMA: Each frequency is divided into time slots (8 per frequency).
2. Carrier Spacing: 200 kHz
3. Time Slot Duration: 577 µs
4. Frame Structure:
· 8 time slots = 1 TDMA frame (4.615 ms)
· 26-frame multiframe used for traffic channels, 51-frame for control channels.
5. Power Control & Handover:
· Ensures minimal interference and optimal signal strength.
· Handover can be intra-BTS, inter-BTS, or inter-BSC.
GSM Supplementary Services (SS)
These are additional services beyond basic voice calls:
1. Call-related Services:
· Call forwarding
· Call waiting
· Call barring
· Call hold
2. Identity-related Services:
· CLI (Calling Line Identification)
· CLIR (Calling Line Identification Restriction)
3. Messaging Services:
· SMS (Short Message Service)
· USSD (Unstructured Supplementary Service Data)
4. Multi-party Services:
· Conference calls
· Advice of charge (AoC)


GSM Channel Types
GSM channels are divided into Traffic Channels (TCH) and Control Channels (CCH):
1. Traffic Channels (TCH) – Carry voice/data.
· Full-rate (TCH/F) – 13 kbps voice
· Half-rate (TCH/H) – 6.5 kbps voice
2. Control Channels (CCH) – Carry signaling and control info. Types include:
· Broadcast Channels (BCH): System info
· BCCH: Broadcast Control Channel
· FCCH: Frequency Correction Channel
· SCH: Synchronization Channel
· Common Control Channels (CCCH): Access and paging
· RACH: Random Access Channel
· PCH: Paging Channel
· AGCH: Access Grant Channel
· Dedicated Control Channels (DCCH): Setup and maintain connections
· SDCCH: Standalone Dedicated Control Channel
· SACCH: Slow Associated Control Channel
· FACCH: Fast Associated Control Channel

1.2 Call processing in GSM :Registration/location update, mobile terminated call and mobile originate call

Call Processing in GSM
GSM call processing involves signaling and switching to enable communication between mobile users and the network. There are three main processes:

1. Registration / Location Update
Before a mobile can make or receive calls, it must register with the network. This allows the network to know where the subscriber is located.
Steps:
1. Power On:
· Mobile (MS) turns on and searches for a suitable cell with strongest signal.
· Reads Broadcast Control Channel (BCCH) from BTS to get network info.
2. Registration Request:
· MS sends Location Update Request to the VLR/MSC.
· Contains IMSI (or TMSI if temporary identity is assigned).
3. Authentication & Security:
· Network (AUC) authenticates the subscriber using challenge-response.
· Encryption key (Kc) is generated for secure communication.
4. Location Update Acceptance:
· MSC/VLR updates subscriber info and acknowledges registration.
· If subscriber is in a new area, HLR is updated with current MSC/VLR info.
5. Ready to Make/Receive Calls:
· Mobile is now registered and network knows which MSC to route calls to.

2. Mobile-Originated Call (MOC)
When a mobile subscriber initiates a call, the process is as follows:
Step-by-Step:
1. Call Setup Initiation:
· User dials a number → MS sends Channel Request on Random Access Channel (RACH).
· BSC/MSC assigns Stand-alone Dedicated Control Channel (SDCCH) for signaling.
2. Authentication & Ciphering:
· Network verifies subscriber.
· Encryption is set up for secure voice.
3. Call Routing:
· MSC queries HLR to get routing info if the destination is another network.
· MSC sets up a traffic channel (TCH) between caller and callee.
4. Alerting & Answering:
· Destination MS is paged via Paging Channel (PCH).
· Once callee answers, the MSC connects both parties over TCH.
5. Call Maintenance:
· Handover occurs if mobile moves between cells.
· Control channels (SACCH/FACCH) manage signaling during the call.
6. Call Release:
· When either party hangs up, MSC tears down TCH and releases resources.

3. Mobile-Terminated Call (MTC)
When a mobile receives a call, the network must locate it first:
Step-by-Step:
1. Call Arrival at MSC:
· Call destined to a mobile reaches MSC serving subscriber's VLR area.
2. Subscriber Location:
· MSC queries HLR to find current VLR of the subscriber.
· VLR returns MS location (cell ID/BTS).
3. Paging:
· MSC sends paging message on PCH to all BTSs in the subscriber’s location area.
· MS responds with a Random Access Channel (RACH) message.
4. Channel Assignment:
· MSC assigns SDCCH, then TCH for the call.
5. Call Setup & Answer:
· Mobile rings → user answers → TCH activated.
· Encryption and call signaling managed by control channels.
6. Call Maintenance & Handover:
· Same as MOC, ensures uninterrupted call if MS moves.
7. Call Termination:
· Either side hangs up → MSC releases TCH and signaling channels.

1.3 Mobility management: Location update procedure: Inter LA movement, Inter MSC movement, Inter VLR movement

Mobility Management in GSM
Mobility Management (MM) is part of the GSM network responsible for:
· Tracking the location of mobile subscribers.
· Ensuring calls and SMS reach the mobile wherever it moves.
· Handling location updates, roaming, and handover between areas.
Key entities involved:
· MS (Mobile Station) – The subscriber’s phone.
· BTS/BSC – Provides radio coverage and relays messages.
· VLR (Visitor Location Register) – Temporary database of subscribers in its MSC area.
· MSC (Mobile Switching Center) – Handles call routing and signaling.
· HLR (Home Location Register) – Permanent database of subscribers.

Location Update Procedure
Whenever a mobile moves between areas, it informs the network through a Location Update. There are three types based on the network entities involved:

1. Inter-Location Area (Inter-LA) Movement
· Occurs when: Mobile moves from one Location Area (LA) to another within the same MSC/VLR.
· Purpose: MSC already knows the VLR, but it needs to know which LA the MS is in for paging.
Procedure:
1. MS detects it has moved to a new LA via BCCH broadcast.
2. MS sends Location Update Request on RACH to the new BTS/BSC.
3. MSC/VLR updates the current LA of the subscriber.
4. MSC sends Location Update Accept to MS.
HLR is not updated since the MSC/VLR managing the MS has not changed.

2. Inter-MSC Movement
· Occurs when: Mobile moves to a new MSC area (i.e., covered by a different MSC) but still within the same VLR (rare in some networks).
· Purpose: MSC must hand over location management to a new MSC.
Procedure:
1. MS detects new LA via BCCH.
2. MS sends Location Update Request to the new MSC.
3. New MSC contacts the old MSC/VLR to verify subscriber identity and status.
4. Old MSC forwards authentication info and subscriber profile.
5. New MSC updates VLR and acknowledges MS.
6. HLR may be updated if needed to reflect new MSC address.
This ensures call routing can be done to the new MSC.

3. Inter-VLR Movement
· Occurs when: Mobile moves to a new VLR area (new MSC and new VLR).
· Purpose: The new VLR must register the subscriber and request subscriber info from HLR.
Procedure:
1. MS enters a new VLR area (detected via BCCH).
2. MS sends Location Update Request to the new VLR/MSC.
3. New VLR contacts HLR for subscriber profile (IMSI, services, subscription info).
4. HLR updates to reflect the MS is now under the new VLR.
5. HLR may also inform old VLR to delete subscriber info.
6. New VLR sends Location Update Accept to MS.
This allows the subscriber to be reachable in the new MSC/VLR area.

1.4 Concept of roaming

Definition:
Roaming allows a mobile subscriber to use their mobile device outside the coverage area of their home network (Home Network) by connecting to a visited network (Visited Network), while still maintaining services like:
· Voice calls (incoming and outgoing)
· SMS (sending and receiving)
· Mobile data (internet access)

How Roaming Works
1. Home Network (HN): The mobile user’s primary network that holds their subscriber information in the HLR.
2. Visited Network (VN): The foreign network the user connects to while roaming. VN has its own VLR and MSC.
3. Authentication & Billing:
· HLR of the home network and VLR of the visited network communicate to verify the subscriber.
· Billing info is exchanged to charge roaming fees.

Types of Roaming
1. National Roaming:
· Using the mobile network outside your home network within the same country.
· Example: Subscriber from Vodafone in city A uses Vodafone in city B.
2. International Roaming:
· Using the mobile network outside your home country.
· Requires roaming agreements between operators.

Key Processes in Roaming
1. Location Update in Visited Network:
· When a mobile enters a new country or network, it performs a location update with the visited network.
· The visited VLR contacts the HLR of the home network to verify subscription.
2. Call Routing for Roaming Users:
· Incoming Call: Routed from the calling party → HLR → visited MSC → mobile subscriber.
· Outgoing Call: Mobile subscriber → visited MSC → HLR → destination.
3. Billing and Accounting:
· The visited network tracks usage and informs the home network for billing.
· Roaming charges are often higher due to inter-operator agreements.

Advantages of Roaming
· Stay connected while traveling nationally or internationally.
· Access to mobile services even outside home network coverage.
· Seamless communication for voice, SMS, and data.
1.5 Types of area: Location area, Routing area, Tracking area

Types of Areas in Mobile Networks
Mobile networks divide coverage into hierarchical areas to efficiently manage location tracking, paging, and routing of calls/data.

1. Location Area (LA)
· Definition:
A Location Area is a group of cells (BTSs) that is managed by a single MSC/VLR.
· Purpose:
· Reduces signaling load by limiting paging messages to a smaller area.
· Used mainly for circuit-switched services (voice calls, SMS).
· Key Points:
· Each LA has a unique Location Area Identity (LAI).
· When a mobile moves from one LA to another, it performs a Location Update.
· Paging for incoming calls is sent to all cells within the LA.
· Example:
· A city may be divided into several LAs, each covering several BTSs.

2. Routing Area (RA)
· Definition:
A Routing Area is a subset of a Location Area, specifically used in packet-switched networks (GPRS/EDGE).
· Purpose:
· Used to track mobile users for packet data routing.
· Reduces signaling load for packet-switched services by confining paging for data to the RA.
· Key Points:
· Each RA has a Routing Area Identity (RAI).
· A Location Area can have multiple Routing Areas.
· RA updates occur when a mobile moves to a new RA, similar to LA updates but for packet data.
· Example:
· Within one LA (voice), there may be 3-5 RAs for GPRS data.

3. Tracking Area (TA]
· Definition:
A Tracking Area is used in LTE (4G) networks and corresponds to a group of cells managed by one or more MMEs (Mobility Management Entities).
· Purpose:
· Used for mobility management and paging in LTE networks.
· Allows the network to efficiently locate the UE (User Equipment) for incoming calls, SMS, or data.
· Key Points:
· Each TA has a Tracking Area Identity (TAI).
· When UE moves to a new TA, it performs a Tracking Area Update (TAU).
· LTE may group multiple TAs into a Tracking Area List to reduce frequent updates.
· Example:
· A metropolitan area may consist of 10 TAs, each managed by different MME nodes.

1.6 Network signaling: GSM protocol model
Network Signaling: GSM Protocol Model
Network signaling in GSM is the set of protocols and procedures that allow communication between mobile stations (MS) and the network, and between network elements (BSS, MSC, VLR, HLR, etc.) for:
· Call setup, maintenance, and release
· Mobility management
· Authentication and security
· SMS and supplementary services
GSM signaling is defined using a layered protocol model, similar to OSI, but specific to mobile networks.

GSM Protocol Architecture
GSM protocol layers are divided into three main planes:
1. Radio Interface Layer (MS ↔ BTS)
2. BSS–MS/Network Signaling Layer
3. Network Layer (MSC/VLR/HLR Signaling)
Let’s look at them in detail:

1. Radio Interface (Air Interface) Protocols
This is the MS ↔ BTS interface, also called Um interface. It includes:
1. Physical Layer (L1)
· Handles modulation, channel coding, time slot assignment, and transmission over radio.
· TDMA and FDMA are used to share radio resources.
2. Data Link Layer (L2) – called LAPDm (Link Access Protocol for the Dm channel)
· Provides reliable communication over the air interface.
· Handles frame segmentation, retransmission, and error detection.
3. Network Layer (L3) – divided into three sublayers:
a. Radio Resource (RR) Layer
· Manages radio channels: allocation, release, handover, power control, and measurements.
b. Mobility Management (MM) Layer
· Handles registration, location update, authentication, roaming, and security.
· Works closely with HLR/VLR for mobility.
c. Call Control (CC) Layer
· Handles call setup, maintenance, and teardown for voice and data calls.

2. BSS–MS / Network Signaling
Between MS and BSC/MSC, signaling is divided into:
1. Signaling System No. 7 (SS7)
· Used in the network backbone for inter-MSC signaling.
· Supports call setup, routing, and mobility management.
2. Signaling Channels on Radio Interface
	Channel Type
	Purpose

	SDCCH (Stand-alone Dedicated Control Channel)
	Call setup, authentication, SMS

	FACCH / SACCH
	Fast/slow signaling during ongoing call

	BCCH / CCCH
	Broadcast and common signaling



Network Signaling: GSM Protocol Model
Network signaling in GSM is the set of protocols and procedures that allow communication between mobile stations (MS) and the network, and between network elements (BSS, MSC, VLR, HLR, etc.) for:
· Call setup, maintenance, and release
· Mobility management
· Authentication and security
· SMS and supplementary services
GSM signaling is defined using a layered protocol model, similar to OSI, but specific to mobile networks.

GSM Protocol Architecture
GSM protocol layers are divided into three main planes:
1. Radio Interface Layer (MS ↔ BTS)
2. BSS–MS/Network Signaling Layer
3. Network Layer (MSC/VLR/HLR Signaling)
Let’s look at them in detail:

1. Radio Interface (Air Interface) Protocols
This is the MS ↔ BTS interface, also called Um interface. It includes:
1. Physical Layer (L1)
· Handles modulation, channel coding, time slot assignment, and transmission over radio.
· TDMA and FDMA are used to share radio resources.
2. Data Link Layer (L2) – called LAPDm (Link Access Protocol for the Dm channel)
· Provides reliable communication over the air interface.
· Handles frame segmentation, retransmission, and error detection.
3. Network Layer (L3) – divided into three sublayers:
a. Radio Resource (RR) Layer
· Manages radio channels: allocation, release, handover, power control, and measurements.
b. Mobility Management (MM) Layer
· Handles registration, location update, authentication, roaming, and security.
· Works closely with HLR/VLR for mobility.
c. Call Control (CC) Layer
· Handles call setup, maintenance, and teardown for voice and data calls.

2. BSS–MS / Network Signaling
Between MS and BSC/MSC, signaling is divided into:
1. Signaling System No. 7 (SS7)
· Used in the network backbone for inter-MSC signaling.
· Supports call setup, routing, and mobility management.
2. Signaling Channels on Radio Interface
	Channel Type
	Purpose

	SDCCH (Stand-alone Dedicated Control Channel)
	Call setup, authentication, SMS

	FACCH / SACCH
	Fast/slow signaling during ongoing call

	BCCH / CCCH
	Broadcast and common signaling
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3. Network Layer Signaling (MSC/VLR/HLR)
· HLR / VLR interaction uses MAP (Mobile Application Part) protocols.
· Messages include:
· Location Update Request/Accept
· Authentication Request/Response
· Routing information for incoming calls

· HLR / VLR interaction uses MAP (Mobile Application Part) protocols.
· Messages include:
· Location Update Request/Accept
· Authentication Request/Response
· Routing information for incoming calls
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