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 1. Scope of the Project
 In this project I am analyzing about UMTS network planning & optimization techniques. Before discussing UMTS planning, I have mentioned about the UMTS technology as an introduction.
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 2. Universal Mobile Telecommunications System (UMTS)
 2.1 WHY UMTS IS NEED???
 • Second generation (like GSM) enabled voice traffic to go wireless
 • In several countries there are now more mobile phones than landline (Wired) phones
 • Data handling capability of 2nd generation is limited.
 2.2 INTRODUCTION OF UMTS
 • WCDMA (Wideband CDMA) is the main third generation air interface in the world
 • Specification created in 3GPP (Third Generation Partnership Project) which is joint standardization project of Europe, Japan, Korea, USA and China.
 • In 3GPPWCDMA is called UTRA (Universal Terrestrial Radio Access)FDD and TDD
 • Work for 3rd generation started in 1992 when the WARC (World Administrative Radio Conference) of the ITU (International Telecommunication Union) identified frequencies around 2 GHz for 3G
 • Within the ITU, 3G was named IMT2000 (International Mobile Telephony- 2000)
 • The target of IMT was to have a single worldwide standard
 • WCDMA will be used by Europe, Japan, Korea in the WARC-92 spectrum allocated for 3G
 N.E.GUNASEKARA3G Network Planning Page 5
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 • In North America, spectrum auctioned for 2G. No specific spectrum for IMT-2000
 • Other standards can be used for 3G: EDGE (Enhanced Data Rates for GSM Evolution) and Multicarrier CDMA (CDMA 2000)
 2.3 Difference between WCDMA & 2G
 • Bit rates up to 2Mbps
 • Variable bit rate to offer BW on demand
 • Multiplexing of services with different quality requirements on a single connection (speech, video, data)
 • Quality requirements from 0.1 FER (frame error rate) to 10−6 BER
 • Coexistence of 2G and 3G and inter-systems handovers
 • Support of asymmetric uplink and downlink traffic (like ADSL: WEB implies more downlink traffic)
 • Larger BW required supporting high bit rate
 • GSM covers also services and core network aspects. The GSM platform will be used with the WCDMA air interface
 • Transmit diversity is included in WCDMA to improve downlink capacity to support asymmetry
 N.E.GUNASEKARA3G Network Planning Page 6
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 2.4 UMTS Network Components
 Subscriber Equipment
 Mobile Station (MS) The mobile telephone.
 Subscriber Identity Module (SIM)
 One of the key features of GSM or the UMTS is the Subscriber Identity Module, commonly known as a SIM card. The SIM is a detachable smart card containing the user's subscription information and phone book. This allows the user to retain his or her information after switching handsets. Alternatively, the user can also change operators while retaining the handset simply by changing the SIM. Some operators will block this by allowing the phone to use only a single SIM, or only a SIM issued by them; this practice is known as SIM locking, and is illegal in some countries.
 Node B
 N.E.GUNASEKARA3G Network Planning Page 7
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 Node B is a term used in UMTS equivalent to the BTS (base transceiver station) description used in GSM. It is the hardware that is connected to the mobile phone network that communicates directly with mobile handsets. In contrast with GSM base stations, Node B uses WCDMA/TD-SCDMA as the air interface technology. As in all cellular systems, such as UMTS and GSM, the Node B contains radio frequency transmitter(s) and the receiver(s) used to communicate directly with mobile devices, which move freely around it. In this type of cellular network, the mobile devices cannot communicate directly with each other but have to communicate with the Node B.
 RNC
 The Radio Network Controller (or RNC) is a governing element in the UMTS radio access network (UTRAN) and is responsible for controlling the Node Bs that are connected to it. The RNC carries out radio resource management, some of the mobility management functions and is the point where encryption is done before user data is sent to and from the mobile. The RNC connects to the Circuit Switched Core Network through Media Gateway (MGW) and to the SGSN (Serving GPRS Support Node) in the Packet Switched Core Network.
 The main functions of the RNC are management of radio channels (on the Uu-, or air-, interface) and the terrestrial channels (towards the MGW and SGSN). In a relationship to a UE (in a soft handover situation) an RNC can play two different roles. These are:
 D-RNC: Drift RNC
 S-RNC: Serving RNC
 However, as far as the NodeB is concerned, the RNC may play a third role:
 C-RNC: Controlling RNC
 It is important to know that one RNC can assume more than one role at any time.
 Core network
 A core network (or network core) is the central part of a telecom network that provides various services to customers who are connected by the access network. One of the main functions is to route calls across the PSTN.
 N.E.GUNASEKARA3G Network Planning Page 8
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 Gateway GPRS Support Node (GGSN)
 The Gateway GPRS Support Node (GGSN) is a main component of the GPRS network. The GGSN is responsible for the interworking between the GPRS network and external packet switched networks.
 Serving GPRS Support Node (SGSN)
 A Serving GPRS Support Node (SGSN) is responsible for the delivery of data packets from and to the mobile stations within its geographical service area. Its tasks include packet routing and transfer, mobility management (attach/detach and location management), logical link management, and authentication and charging functions. The location register of the SGSN stores location information (e.g., current cell, current VLR) and user profiles (e.g., IMSI, addresses used in the packet data network) of all GPRS users registered with this SGSN.
 The Network and Switching SubSystem (NSS)
 Home Location Register (HLR)
 A database, which stores data about GSM subscribers, including the Individual Subscriber
 Authentication Key (Ki) for each Subscriber Identity Module (SIM).
 Mobile Services Switching Center (MSC)
 N.E.GUNASEKARA3G Network Planning Page 9
 http://en.wikipedia.org/wiki/IMSI
 http://en.wikipedia.org/wiki/Visitor_Location_Register

Page 10
                        

Telecommunication Project
 The network element, which performs the telephony switching functions of the GSM, network.
 The MSC is responsible for toll ticketing, network interfacing, common channel signaling.
 Visitor Location Register (VLR)
 A database, which stores temporary information about roaming GSM subscribers.
 Authentication Center (AUC)
 A database, which contains the International Mobile Subscriber Identity (IMSI) the Subscriber
 Authentication key (Ki), and the defined algorithms for encryption.
 Equipment Identity Register (EIR)
 A database, which contains information about the identity of mobile equipment in order to
 prevent calls from stolen, unauthorized, or defective mobile stations. Made up of three sub
 classes; white list, black list and gray list.
 The Operation and Support System (OSS)
 Message Center (MXE)
 A network element, which provides Short Message Service (SMS), voice mail, fax mail, email,
 and paging.
 Mobile Service Node (MSN)
 A network element which provides mobile intelligent network (IN) services.
 N.E.GUNASEKARA3G Network Planning Page 10
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 GSM Interworking Unit (GIWU)
 The network element, which interfaces to various data, networks.
 Numbering Arrangement
 International Mobile Subscriber Identification (IMSI) number, it identifies a unique international
 universal number of a mobile subscriber, which consists of MCC+MNC+MSIN
 MCC- mobile country code (413)
 MNC- mobile network code (01 for Mobitel)
 MSIN- mobile subscriber identification number
 The IMSI of user will be written into the SIM card by specific device and software and be stored
 into the HLR with other user information.
 N.E.GUNASEKARA3G Network Planning Page 11
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 3. UMTS Network Planning
 Ensuring that the RF coverage is sufficient within the network should start naturally with a good RF network plan. Network planning is, may be even more for existing operator, an area that is too often overseen. Greenfield operator have the advantage of starting from a clean plate while incumbent operator already have a set of site that they are compelled to use even if these sites were originally acquire to fit in a network with different coverage and capacity limitation.
 N.E.GUNASEKARA3G Network Planning Page 12
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 So what is a good RF network plan?
 A good network plan should address the coverage and capacity requirement of the area considered, but also be sufficiently flexible to allow network expansion without major change of the existing sites. In WCDMA, the coverage and capacity requirement cannot be considered independently, but should be planned at the same time with proper guidelines.
 This relation between coverage and capacity is often referred to as the “breathing effect” of WCDMA. Comparing with TDMA/FDMA technologies, such as GSM, the coverage of a WCDMA network cannot be planned independently of the load on the network. The load on the network will impact the coverage in mainly two different ways, depending on which link (Uplink or Downlink) is considered. On the uplink, as more users are added to the network, higher noise would be detected at the node Bs. This increase in noise, called rise over thermal, requires each of the phones or data cards (UE) to increase its transmit power to overcome this noise increase: effectively the uplink coverage is reduced by this required increase in transmit power. This effect has been documented and can be summarized by the rise over- thermal versus load curve illustrated in Figure 2: as an example, when the load is 50% of the pole capacity, the coverage is reduced by a factor of 3dB. On the downlink, the breathing effect cannot be quantified so easily as coverage is impacted by the maximum transmit power assigned to traffic channels and the current load on the network rather than by a quantifiable formula.
 3.1 UMTS Capacity Planning
 The number of installed transceivers limits the mobile network theoretical capacity. In CDMA
 systems interference, accepted and planned quality and grade of service will determine the
 system capacity. CDMA systems also have soft capacity, which complicates the network area
 capacity estimations. The link budget is used to calculate the maximum allowed path loss and the
 maximum range for cell. The link budget includes the interference margin, which is the increased
 noise level caused by greater load in a cell. So by increasing the cell load, cell coverage area
 becomes smaller. That's how cell coverage and capacity dimensioning are interlinked. System
 capacity planning is divided to two parts:
 N.E.GUNASEKARA3G Network Planning Page 13
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 1. The first thing is to estimate a single transceiver and site capacity. Calculations how the
 noise raises as the cell load increases is out of the scope of this page, but in-cell noise,
 Eb/No requirements, planned data rates, coverage probability, air resources usage activity
 factor, target interference margin and processing gains are needed to approximate the
 transceiver and site capacity. Depending on the parameter values, planned transceiver
 capacity is typically from 400 Kbits/s to 700 Kbits/s per transceiver.
 2. The second part of the process is to estimate how many mobile users each cell can serve.
 Once the cell capacity and subscriber traffic profiles are known, network area base station
 requirements can be calculated. Estimations can be done in Erlangs per subscriber or
 kilobits per subscriber. Network vendor normally has simulation tools to test system
 parameters and verify rough estimations. A lot of data is required for comprehensive
 network dimensioning; number of subscribers and growth estimations, traffic / user /
 busy hour / geographic segment and required throughput including service mixes in
 geographic segments for example.
 Each type of traffic has to be estimated for capacity calculations.
 Notice how sensitive the capacity is to variations of download amount, retransmit rate and
 estimated cell capacity values. Before UMTS networks are on air and customers start to use high
 N.E.GUNASEKARA3G Network Planning Page 14
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 speed services, network capacity calculations are anybody's guess! Even when the capacity
 calculations are done in a very beginning, normally the mobile networks are initially planned to
 meet the coverage objectives. Capacity sites and transceiver upgrades are installed later, once the
 real traffic load is known. In the early 1990s most of capacity requirements of new 2G networks
 were initially over-estimated, partly because operators needed to present (over-) optimistic
 business plans to secure the funding and partly because nobody knew how much people would
 use their phone on certain price levels. Generally busy hour Erlangs per subscribers were not
 what was originally anticipated and this tendency is likely to continue in 3G.
 3.1.1 Common Design Guidelines
 After calculating the coverage and capacity requirements in each geographical area, the greater
 one of those two values has to be chosen. Ideally requirements match in each geographical area,
 but normally that does not happen. To optimize the used resources some readjustments should be
 made. If a geographical area is coverage limited, the load on each sector can be reduced until
 coverage and capacity requirements match. Reducing the load will cut the link budget
 interference margin and increase Node B count. If area is capacity limited, transmitter diversity
 can be added or amount of transceivers can be increased. Operators are normally forced to co-
 locate their 3G base stations with existing sites or select new site locations only on buildings
 known to be owned by friendly site owners. This limits the cell planning options and may
 sacrifice the network quality, but it helps to build networks faster. Forced co-location should be
 taken in to account in initial capacity and coverage planning. All variation to standard
 configuration may need pilot power, handover, antenna, and cable and base station power level
 modifications. Some network areas need special attention. Very dense urban area (CBD), open
 spaces, in-building areas, water surroundings, hot spots and other special coverage areas need
 well planned approach. Out-of-Cell Interference versus soft-handover cell overlap has also to be
 considered. Hierarchical systems work with multi-frequency networks, but not with single-
 N.E.GUNASEKARA3G Network Planning Page 15
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 frequency systems (like CDMA). If multi-layered is planned, separate frequencies are needed for
 different layers. There is no need for plan channelization codes as those are managed by the
 RNC. Unlike the channelization codes, the scrambling codes need to be planned. The number of
 scrambling codes is so great that the planning is a quite trivial task.
 The uplink scrambling code for each user is allocated by the RNC. Every RNC has a pool of
 codes that are unique to it. Allocation of uplink scrambling codes to RNCs is a simple task, due
 to the huge number of available codes. Downlink scrambling codes planning is an important
 issue in the border areas between countries. There is a minimum separation that should be used
 between cells using the same scrambling code, but in practice the maximum separation will be
 planned.
 Codes Scrambling codes Channelization codes
 Uplink Different users Channels from the same user
 Downlink Different Node B's Different users
 3.2 RAN Planning
 Planning the UMTS RAN and core network side is basically selecting the desired network
 layout, future expansion approach, calculating the required hardware, deciding software features
 and dimensioning all interfaces. Radio Access Network has several interfaces, which need to be
 configured and dimensioned. This dimensioning is out of the scope of this page, but these are the
 RAN interfaces that need to be configured:
 Iu: Interface between the RNC and the Core Network (MSC or SGSN).
 N.E.GUNASEKARA3G Network Planning Page 16
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 - Iucs: Iu circuit switched (voice from/to MSC)
 - Iups: Iu packet switched (data from/to SGSN)
 Iub: Interface between the RNC and the Node B.
 Iur: Interface between two RNCs.
 Node B amount is derived from air interface capacity and coverage calculations, but Node Bs
 also have to be configured. Hardware configuration is vendor specific, but here is a general list
 of things that need to be considered when configuring Node Bs:
 Call mix of expected traffic
 Type of Node Bs (outdoor vs. indoor)
 Amount of low capacity Node Bs
 Required redundancies (e.g. 2N, N+1)
 Required diversities
 Number of carriers per sector
 Number of sectors per Node B
 Number of users
 Voice and data traffic to be carried
 Node B software features
 Required Node B optional features
 Requirements for special antenna systems
 Requirements for power and transmission systems
 The RNC planning is done after the air interface dimensioning and network interfaces planning.
 After those are prepared, the bandwidth of each RNC link is known. RNC dimensioning is to
 calculate the number RNCs and configuration of RNCs needed to support the radio access
 N.E.GUNASEKARA3G Network Planning Page 17
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 network requirements. Any network side equipment will have the trade-offs in configuration
 selection. Network can be designed for maximizing the ease of future expansion or for
 minimizing the total cost. Usually RNC locations are fixed based on network operator's main site
 locations and transmission costs will determine the most cost effective RNC configurations.
 RNC Hardware configuration is also vendor specific, but here is a general list of things that need
 to be considered when dimensioning RNCs:
 RNC capacity and configuration options
 Total CS traffic (Erlangs)
 Total PS traffic (Mbps)
 Total traffic and signaling load
 Total number of Node Bs
 Total number of cells
 Total number of carriers
 Used channel configurations
 RNC software features
 Required RNC optional features
 Type of transmission interfaces
 Expansion possibilities
 3.3 Core Network Planning
 Planning the UMTS core network consist of GSN (GPRS Service Node) system design, MSC
 and registers are dimensioning, OMC dimensioning, Core network interface dimensioning.
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 The Core Network has several interfaces, which need to be configured and dimensioned. This
 dimensioning is out of the scope of this page, but these are the interfaces that need to be
 configured:
 Gn: Interface between SGSN and GGSN
 Gi: Interface between GGSN and external packet data network Other interfaces are between MSCs, to PSTN, HLR, AUC, EIR, SMS, Billing Centre, Voice Mail, OMC, WAP & Multi Media Servers and other network elements. The main inputs to dimensioning of GSN system are similar to what is required in air interface design. Hardware configuration is vendor specific, but here is a general list of things that need to be considered when configuring GSN System:
 Number of Subscribers
 Number of PDP Contexts
 Service Activation Rate
 Peak Traffic amount and overheads (bits/s or packets/s)
 Number of required links
 Number of RNC in served area
 The Core Network hardware configuration is also vendor specific. Network vendors have very extensive documentation how to design all aspects of core network starting from the room environmental requirements up to the post integration system quality audit. Here is a general list of things that need to be considered when dimensioning MSCs:
 Number of Subscribers
 Average call lengths
 Call mix
 Total CS traffic (Erlangs)
 System features
 N.E.GUNASEKARA3G Network Planning Page 19
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 Interconnection to other equipment
 MSC software features
 Required redundancies (e.g. 2N, N+1)
 Total traffic and signaling loads
 Iu-cs and other interface dimensioning
 Type of transmission interfaces
 Expansion possibilities
 MSC capacity and configuration options
 Most cost effective deployment method
 Number of RNC in served area all other network equipment will be designed in a similar way. Once the main components are designed, the rest is easy!
 Other core network plans:
 Numbering plan
 Traffic and interconnectivity routing plan
 Signaling network plan
 Synchronization plan
 Expansion plan
 Logical and physical node dimensioning
 PS and CS network plan
 Network security plan
 Redundancy and QoS plan
 N.E.GUNASEKARA3G Network Planning Page 20

Page 21
                        

Telecommunication Project
 3.4 Transmission Planning
 Most of the 3G network license holders have an existing 2G license and will face great
 transmission planning challenges when upgrading a network from 2G to 3G:
 Massive capacity growth
 Controlling of the expansion process
 Limited microwave spectrum availability and related cost issues
 Limited space for new equipment and EMR sources
 Cost and budget constrains
 Requirements of design scalability and flexibility
 Implementation of new technologies
 Increased complexity and multivendor environment
 Time table, availability of skilled manpower
 Reliability requirements (climate, redundancy, etc)
 2G network transmission capacity planning depends on the amount of transceivers, but 3G
 transmission planning depends on the customer phone usage profiles and other carried traffic.
 Where 2G backbones are aggregated small pipes, 3G traffic will be in combined large pipes
 carrying mixed traffic. 3G project transmission planning include a lot of issues:
 Before the 3G Roll-out
 Traffic type and amount estimation
 Upgrade and future network layout plan (layers, topology, media)
 Availability, Operation & Maintenance, spare unit plan
 Fault, Configuration, Performance, Security management plans
 Network synchronization plan
 QoS and system performance specification
 deploying flexible upgradeable equipments
 Current network inventory, evaluation and status
 N.E.GUNASEKARA3G Network Planning Page 21
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 During the 3G Roll-out
 Normal roll-out plans; manpower, logistics, HW, time table etc.
 Deploying; ATM network, upgraded radios, nodes etc.
 Links: 15GHz, 23GHz, 18GHz, 7GHz, 26GHz, 38GHz, 28GHz, 13GHz, 8GHz, 6GHz, 11GHz, 32GHz, 50+ GHz
 Initial and continuous system testing
 Continuous training of staff for equipment and technology
 Redundancy (link, network, equipment) plan and testing
 Traffic prioritizing plan
 Usage of other carriers capacity and reselling own capacity
 After the initial 3G Roll-out
 Traffic analysis and management
 Understanding the traffic
 Equipment performance and suitability analysis
 Upgrades and updates
 Preparing for the next roll-out cycle, long term development plan
 Comparing the transmission system to competition and other vendor solutions
 Future 3G transmission networks will be largely IP based systems. Topology of the network will
 be a mess mesh; hybrid of point-to-point, star and ring configurations. Transmission options are
 still microwave, optical fibre, leased line and even copper line. Addition to current high capacity
 PDH / SDH networks, higher capacity ATM networks will be implemented to carry the main
 load. Internet will be integrated to mobile network (or visa versa).
 N.E.GUNASEKARA3G Network Planning Page 22
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 4. Solution Methods for 3G Network Planning Problems
 1. The method for estimating a number of prospective 3G users
 2. The estimation method for data traffic generated by 3G users the following parameters of the
 data traffic is estimated:
 - The specific (per user) rate of transactions in a busy hour,
 - The average duration of 3G calls,
 - The specific (per user) traffic intensity created by 3G calls in a busy hour,
 - The total traffic intensity on nodes of the IM - subsystem.
 3. The performance evaluation method for the IM - subsystem nodes taking into account the self-
 similar nature of the multiservice traffic
 (FBM/D/1/W queuing system is considered, where FBM is Fractional Brownian Motion).
 The following probabilistic and time characteristics of nodes are determined:
 • Upper and lower bounds of the server service rate;
 • The average queue length in buffers;
 • The average service time of information units;
 • Server utilization.
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 5. The Summary
 The goal of the network planning is not only to define the initial network roll-out targets, but also to provide moving targets to the continuous process that takes the whole life time of the network. Before the 3G network is launched, all the work is focused on estimating how the network should look like. After the network launch customer intake and behavior will decide the network development direction.
 The most demanding tasks are to gather all the required information for the planning work and making the network roll-out decisions based on all these estimations, operator demands and assumptions of future costs. Cost estimations are usually very sensitive to the changes in basic assumptions and it is crucial that all assumptions are recorded to the network roll-out plan.
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 Picture below show the issues that vendors and operators face in the beginning of the network roll-out.
 6. Time Frame
 WEEK WORK TO BE DONE
 WEEK 111/02/11-18/02/11
 Made project proposal which I willing to do and discussed with lecturers.
 WEEK 2
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 19/02/11-26/02/11Studied and analyzed reference materials.
 WEEK 327/02/11-04/03/11
 Analyzed about UMTS technology.
 WEEK 405/03/11-12/03/11
 Collect information about UMTS Network Planning & optimizing
 WEEK 5 Document ting the project
 13/03/11-20/03/11
 7. References
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 http://www.umtsworld.com
 www.cellular-planningoptimization.com
 UMTS Network Planning and Development: Design and Implementation of the 3G CDMA Infrastructure by Chris Braithwaite; Mike Scott
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