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This chapter is designed to provide the student with an introduction to WCDMA Systems transmission planning and traffic modeling.

OBJECTIVES:

Upon completion of this chapter the student will be able to:

· Explain why transmission planning is divided into nominal and detailed planning

· Explain the WCDMA Systems traffic modeling
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Figure 6-1 shows a high level overview of the network planning process. Each block in the flow represents a sub-process or set of activities.

The overview process shows generic network design activities. In principle, network planning consists of a series of activities, which are not practical to show in sequential order, as some activities can be done in parallel with others. The process diagram presents a logical way of thinking and suggests a structure of how Core Network Planning could be approached.

Inputs

Inputs are not shown in the process diagram as each sub-process requires different types of inputs and at various stages of the network planning process. The high level inputs are:

· Customer’s business plan

· Network information

· Subscriber information


Detailed inputs will be discussed in the relevant sub-process.

Requirements analysis

Requirements analysis is the analysis of data and information supplied by the customer.

Apart from performing initial analysis of the requirements, it is advisable that preliminary meetings with the customer should take place in order to establish and/or confirm customer requirements.

Requirements are categorized under the following issues:

· Customer’s business and strategies

· Customer network requirements

· Customer’s specific network design rules

· Design constraints (budget, time, products)

· Other issues relating to any previous discussion held with the customer 


The requirements analysis allows the Network Designers to create a proposal for service, detailing the scope of the work, the tasks involved, the methodology, estimated length of the job, the resources required, start time, and the expected outcomes of the job.

Network Baseline / Review / Evaluation

If the network requires expansion, it is necessary to understand the current network capability and capacity.

For an established 2G operator, it is vital that the existing network be fully understood by the network planner. Obviously, equally vital is a full understanding of the short and medium term plans, which are in place for the introduction of new services and network infrastructure. To this end, a network baseline study is necessary.

Depending on the requirements, the network will be studied in terms of:

· Network architecture and topology

· Network capacity

· Network traffic

· Node configuration and performance


In addition customer specific network design rules and guidelines should be captured and understood.

Services and Traffic Planning

Services modeling
The objective of Services modeling is to calculate the payload requirements, upon which network dimensioning is done. 

It requires the following inputs:

· Applications (web browsing, email, voice, FTP, etc)

· Services (voicemail, internet banking, web surfing, horoscope, etc)

· User profiles per service type

· Quality of service

· Busy hours for each type of service

· Service distribution and penetration

· Service areas

· Service profiles for each service area

· Customer profiles

The Services model will be used for services demand forecasting, and sensitivity analysis. Changes in marketing plans to the number of services offered, or the number of customer forecast can be quickly re-calculated so that the network plan can be updated, and impacts on the existing network can be determined.

Traffic Modeling

The purpose of traffic modeling is to forecast traffic demand in order to establish network requirements.

The process consists of:

· Traffic analysis (distribution and dispersion)

· Network traffic modeling

· Network traffic forecasting

· Traffic distribution / dispersion


Traffic analysis involves the determination of user behavior, call MHT, BHCA, busy hours in the day, user mobility related procedures such as handover per subscriber and location update frequency, SMS events, and so on. Traffic origin and destination (dispersion) for each type of call case or service must also be determined. It allows the traffic planner to establish traffic flow in the network, and is used for traffic forecasting.

Traffic volume distribution is estimated for the purpose of network topology and connectivity network planning. The traffic model is especially useful for traffic sensitivity analysis.

Inputs

The modeling above shows processes with respect to both internal and external inputs.

Internal
Internal inputs are those that can be obtained from studies, outputs from calculations, network statistics. Examples of internal inputs are:

· Default parameters from Applications and Mobility models

· Customer profiles

· Number of RNCs as dimensioned

· Traffic at each RNC

External
External inputs are those coming from the operator. These are:

· Service Application profile

· Customer forecast and distribution

· Customer profiles

· Services offered

Outputs

The output from this process also feeds into the next process along the chain as seen in Figure 6-1 of the planning overview process. The main outputs are:

· Services Payload matrix

· Traffic distribution


Services Payload
The services payload allows the planner to arrive at the total data payload requirements in each region and areas (sub-regions) in the network.

It also gives the planner the design criteria to apply in network design such as quality and bandwidth. The criteria can be classified as types of services, such as Real Time, or Non Real Time.

Traffic Distribution
Traffic distribution is an important criteria for dimensioning links and transmission requirements.

Network architecture and topology planning

Network architecture and topology planning comprises the following activities:

· Current network architecture and topology review

· Network scenario planning

· Network loads

· Network routing design

· Network redundancy and robustness design

· Estimate additional network capacity requirements

· Estimate number of network elements

Inputs

Internal
Inputs are taken from the Services and Traffic planning, which includes:

· Services Payload

· Traffic distribution

· From other areas

· Radio network plan

· Product information (package, size, dimensioning information)

External
As this concerns the network topology, which requires appropriate capacity, to be resilient, and have adequate redundancy. The customer usually has specific requirements, which could contain:

· Business plan

· Specific network requirements in terms of links diversity, capacity, and robustness


Outputs

The outputs are:

· A target network topology

· Network equipment list


Signalling Network Planning

Signaling network design concerns with the planning, design and dimensioning of the:

· Network interfaces within a network architecture layer (Control, Connectivity)

· Network interfaces to/from other layers (MSC/VLR to/from other sub networks, or to/from POIs).

Inputs

The main inputs to signaling network design are:

End-user services as offered by the operator
The end-user services model (either derived or obtained from the customer) allow the network designer to determine traffic (call) cases and the estimated signaling loads that these call cases are likely to generate.

Assumptions
If these signaling loads can not be measured, default values based on theoretical calculations may be used.

Core Network Topology
The core network topology plays an important role in the signaling network architecture design. It allows the designer to implement the signaling network in the core or to design a whole new stand-alone network.

Customer Forecast
The amount of signaling load generated for those call cases considered, depends on the number of customers using those services.

Outputs

The main output is a Signaling Network Plan, which provides details concerning:

· Signaling Network Architecture

· Signaling network interfaces and links

· Signaling network hardware (terminals)

TRAFFIC MODELING

Introduction 

The basis for a network design is the traffic model. The traffic model is based on the customer’s:

· Subscriber forecast

· Network statistics

· Traffic statistics

· Service plans

The traffic model is the basis for calculation of required node capacity and link bandwidth. That means it really affects the network design. So it is essential to have a realistic traffic model as possible.

WCDMA Systems traffic consists of Packet Switched (PS) and Circuit Switched (CS) calls. The estimate of their use can depend on:

· Subscriber behaviors: Defined by applications used, activity and when they are active. Grouped by types; teenagers, businessmen, vending machines etc.

· Applications: Generates data streams, through different services. Applications have different requirement on throughput, delay and delay variation.

· Services: How the data is transported, basically circuit switched or packet switched.

In order to work out a traffic model the end user needs in form of applications are to be identified, whereupon the user behavior in form of fundamental characteristics for each application should be outlined. The applications mix and the traffic distribution over the day must also be characterized to be able to carry out analyses and calculations how different parameters affect the infrastructure characteristics.

DEFINITIONS

Traffic classes

From end-user and application point of view four major classes can be identified and separated into:

Real time applications

· Streaming class, where the fundamental characteristics for QoS are to preserve time relation (variation) between information entities of the stream.

· Conversational class, where the fundamental characteristics for QoS are to preserve time relation (variation) between information entities of the stream and to have a low delay.

Non-real time applications

· Background class, where the destination is not expecting the data within a certain time but with preserved payload content.

· Interactive class, where a request/response pattern is of importance and the payload content must be preserved.

Conversational and streaming classes are intended to carry realtime traffic flows, like speech and video streaming.

Interactive class and Background class are mainly meant to be used by traditional Internet applications like WWW, Email and by a number of vertical applications like Telemetry and Point of Sale.
TRAFFIC DISTRIBUTION

For the time being the estimation is that about 40% of the total daily traffic occurs during the busiest period of 4:00 to 6:00 p.m.

An additional estimation is that peak traffic lies around 30 % higher than the busy hour intensity. In this predicting it is also foreseen that the data traffic is the dominating part of the total traffic.

It is for further study to elaborate this issue on a per application basis.
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It has become evident that the traffic distribution will vary between applications. Voice and data traffic should be handled separately. This is discussed in the Application Mix section.

PACKET SWITCHED APPLICATIONS

Definition Of Service Characteristics

In order to define some used concepts, a typical WEB application is discussed. The figure below depicts a typical WWW browsing session, which consists of a sequence of packet calls/ bursts. The length of the bursts is dependent on assumed timeout settings.

Only packets from a source are considered, which may be at either end of the link but only one way. A packet call is normally initiated when the user is requesting an information entity. During a packet call several packets/datagram may be generated, which means that the packet call constitutes of a bursty sequence of datagrams. This phenomenon should be taken into account in the traffic model. The burstyness during the packet call is a characteristic feature of packet transmission.
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A packet service session contains one or several packet calls/bursts depending on the application. For example in a WWW browsing session a packet call corresponds to the downloading of a WWW document. After the document is entirely arrived to the terminal, the user is consuming certain amount of time for studying the information. This time interval is called reading time.

Subscriber Activity

To describe the subscriber activity just two subscription combinations are identified in this simplified model.

· Subscription to circuit switched only services.

· Subscription to any packet switched service.

The number of Attach/Detach events during busy hour is set to 0.3/0.3 for both combinations. It is assumed that the busy hours for attach/ detach coincide. It is further assumed that these busy hours coincide with the busy hour for application activity, which is described in the following sections.
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Interactive Class

WEB Traffic, E-mail applications

Below some WEB traffic and interactive E-mail applications are characterized. Moreover the user access rate will most probably be dependent on subscription. Therefore for each application two different subscription classes could be added:

1. High speed premium users with access rate 512Kb/s

2. Economy/Home user with access rate 64Kb/s
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Table 1 WEB Traffic, E-mail applications

Three WEB sessions per day is calculated with. The duration of each session is set to 250 seconds, which is about 50% of fixed subscriber behavior. It is also foreseen that in average every second datagram is acknowledged. The contents of Web pages change very fast in the Internet. It means not only that they contain more information but also several imbedded object types become 'hot' or get 'obsolete'. The data amount of the requests for WEB traffic might in the Table 1 above be a bit over estimated. 10 E-mails (50% with attachment) per day are predicted to be etched. The application “Sending E-mails” could as well be part (partly) of the Background Class. The datagram inter-arrival times i.e. the inter-arrival times between consecutive datagrams in a session is foreseen to 1s (85% of the inter arrival times within 1 s.)

Background Class

Services that are subscribed to could be pushed/pulled to/from the terminal when the user is attached but not necessarily active. Examples are Stock Market info, Sport News, E- mail, Fax etc. Other examples could be DNS traffic, other mobile information services which are both commercial and society related and software download of terminal properties. These services should be low cost making use of spare bandwidth.
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Table 2 Background class applications
Note that some of the mail traffic defined in the Interactive Class could as well be part of the Background Class.

Conversational Class

The WCDMA Systems speech teleservice will be transcoded in an AMR codec located in the Core Network. The codec will have a variable bit rate from 12 kbps (EFR) down to around 5 kbps. The voice activity factor is set to 50% and the comfort noise rate is set to 0.5 kbps. It is assumed that the AMR will be part of the Circuit Switched Core Network and be designed towards G.711. For other audio coding schemes, e.g. G.723, end to end coding is assumed. The circuit based end user applications are further divided in multimedia services, based on H320 and H324 (M), and in other UDI services. The data rate is set to 64kbps. The data rate of nx64 kbps is set for further study. H.323 is taken as an example of packet based multimedia set of standards. It is foreseen that 60% of the multimedia and UDI sessions are mobile originated sessions.
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Table 3 Conversational class packet based applications

CIRCUIT SWITCHED APPLICATIONS

The figures in this part of the traffic model are mainly gathered from documents describing the current CME20 dimensioning rules. As one alternative it is assumed that half of the total voice traffic (20mE) will be handled by a 2G system. The voice traffic in WCDMA Systems is then estimated to 10mE per subscriber (in this alternative).

Voice

The average holding times per subscriber is:

· Holding time of a mobile originated call 75s

· Holding time of a mobile terminated call 90s

Note that these are average hold times of all calls. A significant number of mobile terminated calls do not go through, following a page attempt and the holding time of successful mobile terminated calls can thus be considerably longer.

The traffic distribution is estimated:

· Proportion of call attempts that is mobile originated 0.60

· Proportion of call attempts that is mobile terminated 0.40

· Proportion of mobile terminating traffic that fails because there is no page response 0.20
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Table 4 Voice

Circuit Switched Data Calls 64 Kbps, UDI

It is assumed that 25% of the WCDMA Systems subscribers will also be CS data subscribers. It is further understood that 50% of the calls will be UL+DL, 25 % of the calls will be UL only and 25% of the calls will be DL only. CS Data users use Multimedia with the following traffic mix:

· 1 data call per 24 hour, with duration of 30 minutes. It is assumed that half of these calls are done during Busy Hour.

(BHCA=0.5) 3% of the CS Data users

· 1 data call per 3 hour, with duration of 5 minutes. It is assumed that 2/3 of these calls are done during Busy Hour.

(BHCA=0.67) 6% of the CS Data users CS Data users use other UDI services with the following traffic:

· 1 data call per 3 hour, with duration of 5 minutes. It is assumed that 2/3 of these calls are done during Busy Hour.

(BHCA=0.67) 3% of the CS Data users
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Table 5 Conversational class circuit based applications

Summary

Below is a summary of the aggregated model (user data) for the circuit switched traffic.
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Table 6 The traffic mix for circuit switched applications

Applications Mix

To be able to aggregate the traffic one has to estimate what applications that will be used. This will be done using scenarios and for this various scenarios the aggregated traffic per user (CS and/or PS) will be derived. The total aggregated traffic (for 100k users, 300k users or some other number) is of course easily calculated from this. Characterization of the application is done or two traffic scenarios. Scenario A and B according to the following figure:
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· Voice, alt1: 100% of the WCDMA Systems subscribers

· Voice, alt2: 100% of the WCDMA Systems subscribers (although in this alternative 50% of the voice traffic will be handled by a 2G network.) (Presuppose dual mode terminals)

· Data (PS): 80% of the WCDMA Systems subscribers will also be PS data subscribers

· Activity: For the data subscribers an activity factor is introduced in order to enable to scale the data traffic in an easy way. For packet data the factor is set to 50% for scenario A and 70 % for scenario B. For circuit data the factor is set to100% and 78% respectively.

· Busy hour: For packet traffic the 24H traffic to BH traffic ratio is set to 5. (When nothing else is stated.)

· Busy minute: The busy minute traffic is estimated to be 2 % of the busy hour traffic.

· Traffic mix (PS Data users): According to scenario described below

The Scenarios For Packet Data Traffic

All types of packet data traffic will not have the same requirements on delays, packet loss and so on. It is therefore wise to divide the traffic into classes. In this book three out of the four classes: streaming, conversational, interactive and background are used. Different operators will use WCDMA Systems to solve their different needs. Thus, more than one aggregated traffic model is necessary. The main difference between the scenarios is the ratio between packet switch and circuit switched traffic. Here two scenarios are derived, scenario A and B.

In the scenario A operators are more interested in new applications than speech, while the scenario B operators wants to provide both new applications as well as increase speech capability (Voice over IP). The percentages of traffic in the various traffic classes and for the two different scenarios are shown in Table 7.

The Aggregated Traffic

By using the traffic characteristics for each application, the scenarios outlined in the section above and the busy hour discussion below, a few aggregated traffic models will be derived and the traffic per user will be reported. The traffic is divided into circuit (voice and circuit data) and packet (non real time and real time services) switched, making it easy to get the total traffic for various user mixes.

Busy Hours

As we in this book focus on the traffic per application, it is reasonable to investigate the busy hours, if they exist, for the different applications. The busy hour is the hour with most traffic during an ordinary week; i.e. there are no extraordinary events during the week. Traffic during special events such as, e.g. New Year’s Eve, is not in the model, or in the busy hour concept used here. Trying to dimension with regard to such events will give an over-dimensioned network. The traffic intensities are assumed to be constant throughout the busy hour. The busy hours for the various applications may probably not coincide, but there are a lot of assumptions made, even if the data gathered is not directly applicable to WCDMA Systems packet data users. Thus, a reasonable and conservative assumption that most of the busy hours coincide – then study in more detail, the two or three applications that load the system most. In this book we have chosen WWW and video or WWW and voice, depending on scenario. The current assumption is that the busy hours of WWW and video do not coincide. Therefore it is assumed that for the packet video traffic, 1/ 8 of the traffic per 24 h occurs during the busy hour for other packet data applications. If WCDMA Systems will (at least initially) be used mostly by business users, or if there will be mainly consumer (private) subscribers, will influence the traffic pattern. Consumers will probably have a more concentrated usage, mainly in the evenings.

It is also envisaged that traffic pattern will differ between the traditional voice service and the different data services. The busy hour is however set to 1/5 of the daily and it is also assumed that the busy hours for the different applications coincide (if nothing else is explicitly stated).

The aggregated models

Aggregated models for packet traffic per busy hour, is presented in below. The percentages of users that use the various applications are determined.

The percentage, of the total data traffic, for each application is also shown in order to illustrate the relation between the number of users and the amount of traffic for the various applications.
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Table 7 Packet switched applications

Note: The applications “Sending E-mail” are distributed on traffic classes Background/Interactive in relation 50% / 50%.

With the above traffic mix the following mix regarding the traffic classes are valid. To be able to calculate the DL and UL traffic in Table 8, you need the percentage user from column 1 in Table 7 as input.
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Table 8 Traffic mix for Traffic Classes

Note: Each subscriber uses more than one Interactive Application.

Conclusion

To calculate the total traffic per WCDMA Systems subscriber the figures have to be multiplied with the fraction of PS subscriber and the PS/CS subscriber activity factor:

In our scenario the fraction of PS subscriber is 0,8 and the activity factor is 0,5. The nominal model for our scenario defines the traffic (DL) per WCDMA Systems subscriber during busy hour equal to:

56,6kB(CS voice) + 67,5kB(CS data) + 81,8kB(PS data)[204,4*0,8*0,5] = 205,9kB

Different scenarios may be valid at different point in time of the system lifetime. The scenario described above is defining the initial traffic distribution the first year after first WCDMA delivery.
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