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Introduction
In 2004 the Communications Regulatory Authority of the Republic of Lithuania (Ryšių Reguliavimo Tarnyba, hereinafter RRT) initiated a survey of wholesale voice calls termination in individual public mobile telephone communication networks in Lithuania. Based on the results received, it settled the following:  

· Lithuanian has 3 dominant mobile operators with significant market power (hereinafter, SMP) related to call termination on the market of individual public mobile telephone communication networks;

· Call termination prices in the networks of mobile telecommunications operators dominating on the market are not low enough compared to the respective retail prices (in most cases they are even higher); this causes market entry barriers for new operators and service providers thus reducing competition on the market. 
In order to promote effective competition, RRT obligated Lithuanian mobile telecommunications operators with significant influence on the market (hereinafter, the Operators) to set the mobile call termination tariffs that would resolve the above-mentioned competition issues. Having considered the main alternatives of price control methods, RRT decided that the most suitable call termination price control method is BU-LRAIC, which is a widely used tool in the European Union member states to regulate the service prices of call termination in mobile telecommunications networks. The main purpose of BU-LRAIC model is to establish the cost termination costs that would be incurred by an effective operator on a competitive market. 
The purpose of this BU-LRAIC documentation is to describe the BU-LRAIC model formulated in MS Excel, its structure, technical-technological operation and management-economical cost calculation principles as well as to present its user instructions. The terms used in this document are harmonised with the terms defined in the model reference paper for the preparation of long-term average incremental cost model in a mobile telecommunications network.  
1. BU-LRAIC model formation process and cost objects 
BU-LRAIC model was created in several stages presented in the diagram below:
Diagram 1. BU-LRAIC model formation process.
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The list of cost objects modelled in the BU-LRAIC model is reconciled with the service definitions established by RRT. The list and definitions of the modelled services are presented in the table below.
	Table 1. List of cost objects modelled in BU-LRAIC model 

	No
	Cost object
	Definition

	
	
	

	1. 
	Voice call origination 
	Call transfer from the end point of the network where the call starts to the local switch (inclusive) located closest to the initiating subscriber where the network interconnection is or can be provided. Measured in minutes.

	2. 
	Voice call termination 
	Call transfer from the local telephone switch (inclusive) located closest to the subscriber receiving the call where the network interconnection is or can be provided to the network end point where this call is terminated. Measured in minutes. 

	3. 
	On-net voice calls
	Call transfer from the network end point (within the network) where this call is set up to the end point of another network (within the network) where this call is terminated. Measured in minutes.

	4. 
	WAP data
	Data transfer using WAP data transfer technology. Measured in megabytes.

	5. 
	EDGE data
	Data transfer using EDGE data transfer technology. Measured in megabytes.

	6. 
	UMTS data
	Data transfer using UMTS data transfer technology. Measured in megabytes.

	7. 
	HSDPA data
	Data transfer using HSDPA data transfer technology. Measured in megabytes.

	8. 
	CSD data
	Data transfer by switched channels. Measured in minutes.

	9. 
	HSCSD data
	Data transfer by high speed circuit-switched channels. Measured in minutes.

	10. 
	Short Message Service (SMS)
	Sending a short message. Measured in SMS units.

	11. 
	Multimedia Messaging Service (MMS)
	Sending a multimedia message. Measured in MMS units.


2. Overview of the main BU-LRAIC methodology principles
The purpose of BU-LRAIC model is to establish the service costs that would be incurred by a new effective operator on a competitive market with an assumption that the network is modelled in a way that it should meet the current and future-oriented demand. Exhibit 1 illustrates the basic BU-LRAIC modelling principle and process upon which the model described in this document is based.  
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Exhibit 1. Basic BU-LRAIC modelling principle and process.

2.1 Network demand
Network demand section of the model is required to translate the relevant portfolio of service demand into network dimensioning demand. As the dimensioned network should handle the traffic during the peak period, measured service volumes are translated into busy-hour throughput network element demand.

No network is built for today’s demand. Networks are constructed to meet future demands; therefore, LRAIC modelling is performed by defining the period of 2008 – 2010 in which the network is planned however this doesn’t mean the network will stop operating. 
2.2 Network dimensioning
After the assessment of the network demand, the required network equipment supporting the established demand at busy-hour is identified. This is achieved through the use of engineering rules, which consider the modular nature of network equipment and hence identify the individual components within each defined network element. This then allows variable cost structures to determine the costs on an element-by-element basis.
2.3 Network valuation
After all necessary network equipments are identified Homogenous Cost Categories (HCC) are derived (physical units of network elements identified are multiplied by current prices and investments calculated later on are annualized). HCC is a set of costs, which have the same driver, the same cost volume relationship (CVR) pattern and the same rate of technology change. HCC values are calculated by multiplying physical units of network elements by current prices. Later on, calculated investments are annualized and mark-ups (both for CAPEX and OPEX costs) are set. 

All mobile network elements identified during network dimensioning must be revalued at Gross Replacement Cost (GRC). On the basis of GRC value its annual cost is calculated. This cost includes both:

· Annualised capital costs (CAPEX);

· Annual operating expenses (OPEX).
CAPEX costs are cost of capital and depreciation. OPEX costs consist of salaries (including social insurance), material and costs of external services (external services – transportation, security, utilities, etc). 

CAPEX costs are annualised using straight-line method. However the model has a possibility to calculate annual CAPEX using the other two methods, defined in reference paper

OPEX costs are calculated as mark-ups to cover common costs.

2.4 Service cost calculations 
After network costs are derived they are allocated to a particular Network Component, network components are mapped with network services and in this way the costs are calculated (see exhibit 2)
 SHAPE  \* MERGEFORMAT 



Exhibit 2: Cost allocation principle.
After HCC are derived they are allocated to a particular Network Component (NC). NCs represent logical elements that are functionally integrated and in combining those elements any services may be modelled. Later, total NC costs are calculated by summing appropriate HCCs. NC costs are divided by service volumes. Costs of services are calculated on a basis of network component unit costs according to network component usage statistics.

3. Model user instructions
BU-LRAIC model is prepared using the MS Excel 2003 application (part of MS Office Professional software package). In order to be able to see all the functionalities described in these user instructions, the user should have software version not lower than MS Excel 2003. If a lower version than MS Excel 2003 is used, a part of BU-LRAIC model may not be functioning. 
The description of BU-LRAIC model is presented below.

3.1 Model structure
BU-LRAIC model consists of three main parts:

· Menu page;

· Input parameter pages;

· Calculation pages.

These parts are distinguished by different page colours: menu – blue, input parameters – beige and calculations – green. The diagram presented below illustrates the model structure and interconnection between the model pages.
Diagram 2. BU-LRAIC model structure and interfaces 
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The arrow that connects pages indicates the use of the input parameters or calculation results of one page (where the arrow starts) in another page (where the arrow ends). For instance, calculations on the page “C1 Demand” are performed by using data from the pages “D1 Service Volumes“ and “D2 Service Statistics“.
3.2 “Menu” page
The purpose of “Menu“ page is a management of model pages. ”Menu“ consists of 2 two blocks of buttons – input parameters and calculations (see Diagram 2) – and a drop down list indicating the projection year. By pressing the button in the upper left corner of the model page “Intro”, one can go back to the “Menu” page – „Menu“ page opens.

3.3 Input parameter pages
The model has the following parameter pages:

1. “D1 Service Volumes” page 
2. “D2 Service Statistics ” page
3. “D3 Headroom Allowance” page
4. “D4 Network Statistics” page
5. “D5 HCC Data” page
6. “D6 Mark-ups” page 
7. “D7 Service matrix” page 

As specified in Diagram 2, the data of each page is used in the specific calculation or other input parameters pages. Input parameter pages contain input data of two different types:
8. Operator data collected in the questionnaires (cells are marked pink – █)

9. Input parameters, which were indicated in the reference paper (cells are marked light blue – █)

3.3.1 Page “D1 Service Volumes“ 
This page contains data of the subscribers’ quantity (lines 9-13) and service volumes from 2006 to 2012 (inclusive) (lines 14-37). This table of data consists of the following columns: data type (column B), unit (column D) and volumes in the years 2006-2012 (columns F-L). A list of the basic services is presented below:
· Voice calls traffic (lines 14-18)
· Video calls traffic (lines 19-22)
· SMS traffic (lines 23-26)
· MMS traffic (lines 27-30)
· Circuit data traffic (lines 31-32)
· Packet data traffic (lines 33-37)
Detailed definitions of services types are presented in the survey questionnaire (hereinafter, the questionnaire) description.
The data of this page is used in “C2 Projection” calculation page, data use in the particular calculations is described in section 3.4.2 Projection.
3.3.2 Page “D2 Service Statistics“ 
This input parameter page consists of two tables:
· Routing factors matrix (lines 6-33)

· Modelling parameter table. This table consists of the following columns: “Parameters” (column B), “Unit” (column D) and “Values per total network “ (column E). The following parts are also specified in the table:

· Parameters of billed and unbilled traffic (lines 39-44)

· De-averaging factors (lines 45-48)

· SMS/MMS conversion factors (lines 49-52)

· Data conversion factors (lines 53-62)

· Video and voice calls conversion factors (lines 63-65)

· Network parameters (lines 66-72)

Use of the above data in the calculations is described in the following sections: 3.4.7 Page “Service matrix”, 3.4.1 Page “Service demand”, 3.4.3 Page “Network Design” and 3.4.6 Page “HCC – NC”.

3.3.3 Page “D3 Headroom Allowance” 
This input parameter page is a table of network elements and their capacity parameters. The table consists of the following columns:

· Network element type (column B)

· Measurement unit (column D)

· Base unit capacity if applicable (column F)

· Extension unit capacity if applicable (column G)

· Maximal technical capacity (including possible expansion) (column H)

· Design utilisation factor at planning stage if applicable  (column I)

· Planning horizon (column J)

· Network demand group (column L)

· Headroom allowance (column N)

· Operational allowance (column O)

· Base unit operational capacity (column Q)

· Extension unit operational capacity (column R)

· Maximal operational capacity (column S)

The data in the columns F to J was collected in the questionnaires. In the Column L (Network demand group) one of the three possible network demand groups is determined by the type of a specific network element planning. Using the results received in the table “Service demand growth” on “C2 Projection” page, calculations are performed  in the other columns of the table that are described in the Reference paper section 7.1. Basic parts of elements and their extensions.

3.3.4 Page “D4 Network Statistics“ 
This input parameter page consists of the following basic fields:
· Coverage parameters (lines 8-45)
· Traffic split between networks (lines 46-55)
· UMTS traffic (lines 56-76)
· GSM traffic (lines 77-97)
· Node B capacity – combined (lines 98-132)
· Radio link allowance (lines 133-139)
· UMTS sites configuration (lines 140-160)
· BTS capacity (lines 161-181)
· GSM sites  configuration (lines 182-205)
· Transmission (lines 206-235)
· Other (lines 236-240)
3.3.4.1 Field “Coverage parameters” 
The field of coverage parameters can be divided in two parts. 

Part one specifies what total area of the Republic of Lithuania is covered by the network modelled (line 10), by what geographical areas proportions this total area is split ( lines 12-14) and what part is covered by UMTS (lines 16-19) and GSM (lines 21-24) networks according to the respective geographical areas. This data is used in the model to calculate the number of basic stations to meet coverage requirements.
Part two determines presence of a certain mobile communications technology or attribute in the network (lines 25-44). For instance, if there is EDGE technology in the modelled GSM network, “1” is entered in the respective cell, if the technology does not exist, “0” is entered.
3.3.4.2 Field “Traffic split between networks” 
The field of traffic split between networks determines distribution of the service traffic (excluding the packet data traffic) between the UMTS and GSM radio networks (lines 48-50). Sum of proportions (the percentages) between the UMTS and GSM radio networks has to be equal to 100% (48 line). It also determines the distribution of the same service traffic in the core networks; what part of the traffic is serviced at the mobile switching center (MSC, 2G architecture, line 53) and what in MSC server and media gateway (MSS+MGW, 3G or architecture, line 54). These 2G and 3G proportion sum has to be equal to 100% (52 line).
3.3.4.3 Field “UMTS traffic“

The traffic in busy hour is estimated in the first (59 and 60) lines of the field UMTS traffic:

· Voice and video service traffic in Erlangs. It equals to the total UMTS network traffic without the packet data part.
· Packet data traffic, BHMB. This value is estimated by selecting the bigger BHMB UMTS traffic from the up-link data traffic and the down-link data traffic.

The other three parts of this field (lines 62-75) provide the UMTS traffic distribution by geographical areas and cell types.
This data is further used to calculate the UMTS network elements quantity on the page “C3 Network Design“.

3.3.4.4 Field “GSM traffic “ 
The traffic in busy hour is estimated in the first (80 and 81) lines of the GSM traffic field: 
· Voice and video service traffic in Erlangs. It equals to the total GSM network traffic without the packet data traffic part.
· Packet data traffic in Erlangs. This value is calculated by adding up up-link and down-link GSM data  traffic (already converted to minutes).
The other three parts of this field (lines 83-96) present the GSM traffic distribution by geographical areas and cell types.
This data is further used in the model to calculate GSM network elements quantities in the page “C3 Network Design“.

3.3.4.5 Field “Node B capacity – combined“ 
In the beginning of this field the UMTS network (1900 MHz) amount of spectrum (2x5 MHz) (line 101) is calculated according to the used UMTS communications frequencies by the operator. Further, the assumptions of NodeB cell range (lines 103-106) and sector capacity by cell types and geographical areas are presented (lines 108-131). This data is further used in the model to calculate NodeB quantities.

3.3.4.6 Field “Radio link allowance” 
This field presents the values of the sector capacity allowance in busy hour by cell types (lines 135-138). This parameter is used further in the model to calculate NodeB quantities.

3.3.4.7 Field “UMTS sites configuration“

This field presents the proportions between the macro cells quantities by sector and geographical areas (lines 142-155) and the average number of micro (line 158) and pico (line 159) cells per site. These parameters are used further in the model to calculate NodeB quantities.

3.3.4.8 Field “BTS capacity“ 
In the beginning of this field 900 MHz (GSM and EGSM) and 1800 MHz (DCS) amount of spectrum (2x MHz) (lines 164 and 165) is calculated according to the GSM communications frequencies used by the operator. Also, sector reuse factors (lines 167 and 168) are provided for the frequencies of 900 MHz and 1800 MHz. Further, the assumptions for bandwidth of transceiver (line 170), cell range (lines 172-175) and physical sector capacity (lines 177-180) by cell types and geographical areas are presented.  This data is further used in the model to calculate BTS quantities.

3.3.4.9 Field “GSM sites configuration“ 
This field presents the proportions of macro cell quantities by sectors and geographical areas (lines 184-199) as well as the average number of micro (line 203) and pico (line 209) cells per site. These parameters are further used in the model to calculate BTS quantities.
3.3.4.10  Field “Transmission” 
In the beginning of this field the proportion of stand-alone PDH radiolink sites as a ratio of stand-alone PDH radiolink sites to total number of sites in a network (line 208) and proportion of stand-alone SDH radiolink sites as a ratio of stand-alone SDH radiolink sites to total number of sites in a network (line 211) are presented.
Further, a dropdown list (line 216) is provided where the scenario of BTS/NodeB-BSC/RNC logical layer proportions by PDH radiolinks capacities can be selected: average modelling or Monte-Carlo modelling. In the average modelling scenario, transmission network design calculations are based on the radiolinks proportions (lines 221-224) provided in the questionnaire by operators. In Monte-Carlo modelling scenario, radiolinks proportions are calculated as specified in the Reference paper, section 7.18 Transmission. 
The average number of BTS/Node B sites per link (PDH radiolinks) is provided in the line 226.
The last part in this field defines BSC/RNC-MSC or BSC/RNC-MGW logical layer proportions by capacity: what part of the traffic falls on microwave links and leased lines (lines 203-232). The average number of BSC/RNC sites per link is specified in line 234.
This data is further used in the model to calculate PDH radiolinks quantities in the network.
3.3.4.11 Field “Other“

This field presents an assumption regarding the average IN transaction number per call of pre-paid subscriber (origination, on-net) (line 239). This parameter is used to calculate the quantities of the service control point (SCP).

3.3.5 Page “D5 HCC data“ 
This input parameter page presents the financial data of homogeneous cost categories:
· Current network equipment price, LTL (column D)

· Current network equipment price, EUR (column E)

· Total current network equipment price, LTL (column F)

· Useful lifetime (column G)

· Average price index of the last five years (column H)

· Net book value (NBV) and gross book value (GBV) ratio (column I)

Detailed definitions of HCC data presented above are provided in the BU-LRAIC questionnaire description. HCC financial data is further used on the calculation page “C4 Revaluation“.
This input parameter page also provides the LT/EUR exchange rate (cell C9) which is used for the calculation of EUR values of column E “Current equipment price”. This page also provides the average weighted capital cost (WACC) (cell C10) and the choice of cost annualization methods for network investment costs (cell C11). The last two parameters are used in the calculations page “C4 Revaluation”. 


3.3.6 Page “D6 Mark-ups“

This input parameter page presents the values of mark-ups. The mark-ups used in BU-LRAIC model are based on the data provided by the operators (network operating costs, network management system costs, administration and support operating costs, administration and support capital costs), modelled GRC values and Operators’ financial statements. OPEX mark-up was calculated dividing network operating expenses by GRC, OPEX (administration and support) was calculated dividing administration and support operating expenses by OPEX mark-up, Network management system mark-up was calculated dividing network management system costs by GRC, CAPEX (administration and support) was calculated dividing administration and support capital expenses by OPEX mark-up. 

The following mark-ups groups are used in BU-LRAIC model and presented on this input parameter page:

·  Mark-ups of operational costs on network cost (cell B10)

· Site infrastructure
· Base stations system (BSS) infrastructure
· Transmission
· MSC/MGW and other network elements
· Mark-ups of network management system on network cost (cell B16)

· BSS infrastructure
· Transmission
· MSC/MGW and other network elements
· Mark-ups of administration and support operational cost (cell B23)

· Total network infrastructure 
· Mark-ups of administration and support capital cost (cell B26)

· Total network infrastructure
Mark-ups are expressed in percent and are further used on the calculation page “C5 Mark-ups”, where absolute mark-ups values are calculated. 
3.3.7 Page “D7 Service Matrix” 
This input parameter page establishes the average service usage factors in order to calculate the service costs per each network component later. 

Column B “Service type” presents modelled network services, cells C5 – V5 – network components, cells C9:W20 – service usage factors. 
For the calculation of average service usage factors, data is taken from the input parameter page “D4 Network Statistics” and calculation page “C1 Demand“. Calculations are based on the principles presented in the Reference paper. 
3.4 Calculation pages
The description of input parameter pages and model pages defines data sources, gives a general indication of further utilisation of the results received. This part contains a description of the operating principles of the model and constituent parts of the calculation pages. The model consists of the following calculation pages:
10. “C1 Demand” page
11. “C2 Projection” page
12. “C3 Network Design” page
13. “C4 Revaluation” page
14. “C5 Mark-ups “ page
15. “C6 HCC – NC” page
16. “C7 NC-Services” page
17. “C8 Erlang” page
In the calculation pages, calculations are performed in each cell (they have formulas); therefore, they cannot be deleted or otherwise changed. If this requirement is not followed, the model may function only partially or may fail to produce any results.
3.4.1 Page “C1 Demand“ 
 Three main fields are specified on this calculation page:
· Service conversion and service volumes (preparatory part of demand calculations)
· Service and network elements matrixes (hereinafter, Matrix)
· Allocation drivers
3.4.1.1 Field “Service conversion and service volumes“ 
In this field preparatory calculations for service and network elements matrixes are performed. Service volumes that are not measured in minutes are converted to equivalent minutes. Conversions are performed according to the formulas described in the Reference paper section 6.3. Service demand conversion and  the data presented on the input parameter page “D2 Service Statistics“. The following service volumes are converted to equivalent minutes:
· SMS message (unit)

· MMS message (unit)

· GPRS data (MB)

· EDGE data (MB)

· GSM data (MB)

· UMTS data (MB)

· Video call minutes (min)

Then the waiting time per one successful call minute is calculated (line 34) and the volumes of the year (lines 35-63), which is set on the “Menu” page, are assigned.

3.4.1.2 Field “Service and network elements matrixes” 
The calculations of this field are performed according to the formulas described in the Reference paper section 6.3. Service demand conversion and the data presented on the input parameter page “D2 Service Statistics”.

Service and network elements matrix is the same routing factors matrix defined on the page “D2 Service Statistics”, just extended with the lines of the quantities of voice and video calls attempts. 

The First Matrix of weighted service scope assesses the weighted service volumes, i.e. the annual service volumes are multiplied by the respective service and networks elements routing factors from the page “D2 Service Statistics“. When performing weighted traffic calculations, the calculations of the quantities of voice and video calls attempts are performed too (lines 94-102). 

The results of Second Matrix, matrix of weighted services in equivalent minutes, are calculated the results of First Matrix multiplying by the respective service conversion factors.
The Third Matrix, matrix of busy hour traffic, represents the service traffic in busy hour, i.e. the quantities of Erlangs and busy hour megabytes are calculated. The results of this Matrix are received by multiplying the results of the second Matrix and the de-averaging factors (page “D2 Service Statistics”, lines 44-48).

The results of the Second Matrix are further used in the model on page “C6 HCC-NC”, the results of the Third Matrix – on page “C3 Network Design“. More detailed use of these results is described in the respective sections. 
3.4.1.3 Field “Allocation drivers“

The purpose of this field is to evaluate data transfer and other services traffic proportions in the network. 

The proportions of the weighted volumes of data transfer and other services (voice call minutes, SMS and MMS messages, HSCSD/CSD data transfer minutes) in equivalent minutes in GSM and UMTS radio networks are estimated in lines 192-208. Traffic volumes calculated in lines 194-200 are used in traffic proportions calculations (line 202-208).
The proportions (kilobits per second) of the weighted traffic of data transmission and other services (voice and video call minutes, SMS and MMS messages, HSCSD/CSD data transfer minutes) in equivalent minutes in GSM and UMTS core networks are estimated in lines 210-218. Traffic volumes calculated in lines 212-214  are used in traffic proportions calculations (line 216-218). 

The above proportions are further used in the model on page “C6 HCC-NC” to allocate costs between network components.
3.4.2 Page “C2 Projection“ 
This page consists of two tables:

· Traffic Projection
· Service demand growth
Projection of services (in equivalent minutes) is performed by demand groups, which are defined in the Reference paper, section 7.1. Base and extension units.

3.4.2.1 Table “Traffic Projection” 
This table consists of the columns “Demand group” (column B), “Current time” (column D) and “Volumes” (columns F-J). The values of demand groups of the analysed year (the year set on the “Menu” page) are calculated in lines 13-15 by using the results of the page “D1 Service Volumes”. The demand group values of the respective year are calculated in the same lines of the column group “Volumes” using the data from pages “C1 Demand” and “D1 Service Volumes”. The projections for the years 2006 – 2010 stating from the year analysed of the demand group values are calculated in lines 9-11 in the columns group “Volumes”, i.e. the ratio between the value of a specific year and the analysed year is estimated. 

3.4.2.2 Table “Service demand growth” 
This table consists of the “Demand group” (column B) and columns of planning periods (columns D-J). Line 19 provides a calculation of the part of a year that the specific planning period in line 20 covers in one year (for the planning period 1 and 2 years ahead, this part equals to 1). Lines 21-23 show the estimation of the total service projection and planning period effect, i.e. the service demand growth ratio is calculated (marked in Reference paper as rSDG).
The service demand growth ratio (for a certain demand group and planning period) is used on the page „D3 Headroom Allowance” to calculate the headroom allowance values. 
3.4.3 Page “Network Design“

Calculations of network element quantities are made on this page. The main parts of the page are as follows:
· Field “NodeB calculations“

· Field “BTS calculations“

· Field “Sectors“

· Field “Transceiver (TRX)“

· Field “Transmission“

· Field “Base station controller (BSC)“

· Field “Transcoder controller (TRC)“

· Field “Radio network controller (RNC)“

· Field “MSC server (MSS) and media gateway (MGW)“

· Field “Mobile switching center (MSC)“

· Field “Intelligent network (IN)“

· Field “Voice messaging service (VMS)“

· Field “Home location registry (HLR)“

· Field ”Short messaging service centre (SMSC)“

· Field “Multimedia message service centre (MMSC)“

· Field “Packet control unit (PCU) and Serving GPRS support node (SGSN)“

· Field “Core SDH transmission“

· Field “Leased lines“

3.4.3.1 Field “NodeB calculations“

NodeB calculations are the modelling part of elements of UMTS radio network. These calculations are classified into six parts described below. 
18. Cells to meet voice capacity requirements
A. Total capacity to be handled by UMTS network by geographical areas is first calculated in this part. It is calculated by multiplying the UMTS coverage proportion (“D4 Network Statistics“, lines 17-19) of a specific geographical area, the traffic proportion in UMTS network (“D4 Network Statistics“, lines 63-65) by the voice and video service traffic in Erlangs (total UMTS network traffic without packet data traffic, “D4 Network Statistics“, line 59).

B. Secondly, capacity to be handled by cell types is calculated. The capacity by geographical areas described in part A is multiplied by the respective UMTS network proportions by cell types (“D4 Network Statistics“, lines 67-75).

C. Thirdly, the results received in part B are multiplied by the sector capacity allowance in BHT accordingly by cell types (“D4 Network Statistics“, lines 133-138).
D. The values of assumptions on sector capacity in UMTS network by cell types are transferred in this part.
E. Finally, the number of sectors to meet capacity requirements is calculated by dividing the results received in part C by the respective part D results and rounding the result to the higher integer number.  
Calculations provided in the first part are performed coherently, next calculation is performed only when the previous is finished.

19. Cells to meet data capacity requirements
A. Firstly, total capacity to be handled by UMTS network (BHMB) is calculated by geographical areas. It is calculated by multiplying UMTS coverage proportion of a specific geographical area (“D4 Network Statistics”, lines 17-19), the traffic proportion in UMTS network (“D4 Network Statistics”, lines 63-65) and packet data traffic in BH megabytes (“D4 Network Statistics“, line 60).

B. Secondly, capacity to be handled by cell types is calculated. The capacity by geographical areas described in part A is multiplied by the respective UMTS network proportions by cell types (“D4 Network Statistics“, lines 67-75).

C. Thirdly, the results received in part B are multiplied by the sector capacity allowance in BHT accordingly by cell types (“D4 Network Statistics“, lines 133-138) and the BH megabytes number received is recalculated to the number of Mbit/s.

D. The values of assumptions on sector capacity in UMTS network by cell types are transferred in this part.

E. Finally, the number of sectors to meet capacity requirements is calculated by dividing the results received in part C by the respective part D results and rounding the result to the higher integer number.

Calculations provided in the second part are performed coherently, next calculation is performed only when the previous is finished.

20. Sites to meet capacity requirements
A. Firstly, the number of sites to meet capacity requirements in urban area is calculated. It is calculated by adding up the respective results described in points 1.E and 2.E of this Documentation. Macro cell quantities are distinguished by different sectorization levels. 
B. Secondly, the number of sites to meet capacity requirements in suburban area is calculated. It is calculated by adding up the respective results described in points 1.E and 2.E of this Documentation. Macro cell quantities are distinguished by different sectorization levels.

C. Thirdly, the number of sites to meet capacity requirements in rural area is calculated. It is calculated by adding up the respective results described in points 1.E and 2.E of this Documentation. Macro cell quantities are distinguished by different sectorization levels.

D. Finally, the site quantities are summed up by a certain cut and the total number of sites to meet capacity requirements is received.
Calculations provided in the third part are performed coherently, next calculation is performed only when the previous is finished.

21. Adjustment to number of sites due to coverage requirements 
A. First, the area to be covered by UMTS network is calculated by multiplying the total territory (page “D4 Network Statistics”, line 10), proportion of the UMTS coverage and the proportion of the geographical area.

B. Second, the values of assumptions on NodeB cell range according to geographical regions are transferred.

C. Third, the coverage of a cell by geographic areas is calculated according to the hexagon area formula.
D. Finally, adjustment to the number of sites by geographical area is calculated by dividing areas described in point A by the coverage of cell (results of point C) and by withdrawing the respective results of point 3.D of this Documentation (lines 133-135).

Calculations provided in the forth part are performed coherently, next calculation is performed only when the previous is finished.

22. Total number of sites
In this section the total number of NodeB sites is calculated in accordance to the types of cells and geographical areas.

23. Total number of sectors

A. First, a section of the number of sites in an urban area is prepared according to cell types and levels of sectorization.

B. Second, a section of the number of sites in suburban area is prepared according to cell types and levels of sectorization.

C. Third, a section of the number of sites in rural area is prepared according to cell types and levels of sectorization.

D. In this section an average number of sectors per site (macro cells) is calculated according to geographical areas. Assumptions on average number of sectors per site are transferred for microcells and picocells from the page “D4 Network Statistics”.

E. Finally, total number of sectors is calculated by cell types.

Calculations provided in the sixth part are  performed coherently, next calculation is performed only when the previous is finished.

3.4.3.2 Field “BTS Calculations”

BTS calculations are treated as the modelling of radio elements of GSM network. This field is subdivided into the following 11 points:

24. Area covered by GSM cell

In this section the coverage of a cell area by geographic areas is calculated according to the hexagon area formula.

25. Area to be covered by GSM network by type
In this section the area covered by GSM network is calculated by geographical areas.

26. Number of sites required to cover different area types
The number of macro sites required to meet coverage requirements is calculated by dividing the results of point 2 by the respective results of point 1. The amount of microcells and picocells to meet the coverage requirements is equalled to zero, because the amount of such cells is driven by the traffic in the Network.
27. Sector capacity calculations
Calculations in this section are made for single band – 900 MHz (H column) and for dual band – 1800 MHz (column I).

A. The spectrum capacity of a single band logical sector (amount of transceivers) is calculated based on the formula No. 31, defined in Reference paper, dual band – based on the formula No. 32, defined in Reference paper.
B. Physical capacity of single band logical sector (amount of transceivers) in macro cells is calculated by withdrawing 0.5 from an assumption of physical capacity sector, described in line 178 of the page “D4 Network Statistics”. For micro and pico cells the respective assumptions on physical capacity of spectrum are transferred.
The physical capacity of dual band logical sector (amount of transceivers) for macro cells is calculated by adding the difference between an assumption of physical capacity sector, described in line 178 of the page “D4 Network Statistics” and 0.5 to a single band logical sector physical capacity. Respective assumptions of physical capacity are in ordinary manner transferred for microcells and picocells.

C. Effective sector capacity (amount of transceivers) is evaluated by choosing a lower value from the values of spectrum capacity of a logical sector (result of point 4.A) and the physical capacity of a logical sector (result of point 4.B).

D. Capacity of the sector is calculated according to the table of Erlangs. 

28. Total busy hour traffic
In this section the total traffic in GSM network is calculated (in Erlangs) and its distribution according to geographical areas is calculated by multiplying the total traffic by the proportion of GSM coverage in a specific geographical area (lines 22-24 of a “D4 Network Statistics” page) and a proportion of GSM network traffic (lines 84-86 of a “D4 Network Statistics” page).

29. Detailed traffic by cell types and geographical areas
In this section the traffic in GSM network is presented by different cell types and geographical areas.

30. Number of sectors required to service the traffic
In this section the number of sectors is evaluated according to cell types and geographical areas. These amounts are calculated by dividing the traffic, defined in point 6, by sector capacity, which is calculated in section 4.D and by a operational allowance of a respective cell equipment (lines 10-11 of the page “D3 Headroom Allowance”). For pico cells calculations there are used the parameters of micro cells from page „D3 Headroom Allowance“.
31. Number of base transceivers stations per number of sectors used
In this section number of base stations of macro cells is evaluated according to geographical areas and levels of sectorization. It is calculated by multiplying the results of this section’s point 7 by respective cells proportions according to sectors and geographical areas, and by dividing the result by a certain amount of sectors (depending on the level of sectorization).

32. Final number of base transceivers stations
Single/dual band filter is a table of single and dual bands presence in a certain geographical region. The amount of final base stations is produced by multiplying respective values of filter table by the amount of base stations calculated in this section’s point 8.

33. Number of base transceivers stations by number of sectors
In this section amounts of base stations are presented in more detail by additionally segregating them by levels of sectorization.

34. Number of sites by type
In this section a number of total BTS stations is provided according to cell type and geographical area. Amounts sorted in this manner are further used in this model for calculation of page “C4 Revaluation”. 

3.4.3.3 Field “Sectors”

In this field amounts of sectors are analysed in detail. These are preliminary tables of TRX amount calculation.

35. Average number of sectors per BTS 

In this section an average number of sectors is calculated in macro cells according to geographical areas. Assumptions of average number of sectors per site are transferred for microcells and picocells from the page “D4 Network Statistics”.

36. Number of sectors

In this section a total number of sectors is calculated by multiplying results of this Documentation section 3.4.3.2, field “BTS calculations”, point 9 of the by an average number of sectors per site (results of this section’s point 1).

3.4.3.4 Field “Transceiver (TRX)“

In this field the number of transceivers required to service the traffic is calculated. Calculations are performed step-by-step as defined below:

37. Average traffic per sector (Erl) is calculated by dividing the values, defined in point 6 of the field “BTS Calculations”, by the number of sectors according to respective types of cells.

38. TRX per sector required to service the traffic
A. The number of TRX per sector required to service the traffic is calculated by dividing the average traffic per sector (Erl) by the proportion of TRX cards operational allowance (O9 cell of page “D3 Headroom Allowance”), and by recalculating the results received to the number of TRX, based on the table of Erlangs. 

B. If respective sector amounts (lines 427-431) exceeds zero value, a minimal number of TRX per sector according to cell types is equal to 1, otherwise the minimal number of TRX per sector according to cell types is equal to 0.

C. The number of TRX per sector required to service the traffic is evaluated by selecting a higher value from TRX number per sector required to service the traffic (result of point A) and a minimal amount of TRX per sector (result of point B) .

39. Total number of TRX according to cell types and geographical areas is equal to the product of the number of TRX per sector required to service the traffic (result of 2.C) and the number of sectors (respective cell value, calculated in lines 427-431).

3.4.3.5 Field “Transmission network“

Lines 483–634 define the proportions of PDH types and amounts in a backhaul transmission network. Calculations are divided into three parts:

· Backhaul (NodeB–RNC transmission) (lines 486-530)

· Backhaul (BTS–BSC transmission) (lines 532-572)

· Backhaul combined transmission (lines 574-634)

1. Two main parameters are calculated in section NodeB–RNC: the throughput per UMTS site according to separate types of territories, cells and sectors (cells F503 - F513), and the number of UMTS sites according to separate types of territories, cells and sectors (cells F519 – F529). The data received is used in calculating the total UMTS sites throughput, which is used in defining the parameter of average throughput per site (cell F594).

2. Two main parameters are calculated in section BTS–BSC: the throughput of GSM site according to separate types of territories, cells and sectors (cells F545- F555), and the number of GSM sites according to separate types of territories, cells and sectors (cells F561 – F571). The data received is used in calculating the total GSM sites throughput, which is used in defining the parameter of average throughput per site (cell F594).
3. In the third section (Backhaul combined transmission) primarily the total (GSM and UMTS) amount of sites is calculated (cell F592). The total amount of sites is calculated by summing numbers of sites, according to separate types of territories, cells and sectors (cells F579 – F5). The total amount of sites, laid down in cells F581 – F591, according to separate types of territories, cells and sectors are settled by the higher value between UMTS sites (cells F519-F529 and GSM sites (cells F561-571). When all necessary parameters are known, the average throughput per site is calculated (cell F594).

In cells F606 – F609 the link capacity of all types of microwaves is calculated, presuming that the basic capacity of a microwave 2 Mbit/s is equal to 2048 kbit/s (cell F600).

According to the average throughput per site (cell F594) and the link capacity of all types of microwaves (cells F606-F609), in cells F613 – F616 the maximum amount of sections is calculated which might be connected to respective PDH microwave type in a transmission network link.

In cells F618 – F621 the amount of sections, which might be connected to a respective PDH microwave type in a transmission network link, is settled. The number of sections is settled by choosing lower value from cells F613–F616 and from average number of sites per link (cell F596). The value of cell F596 is taken from input parameter page D4 Network Statistics.

According to the parameters calculated the proportions and amounts of PDH types in backhaul transmission network are settled in cells F626–F629 and F631–634.

In cell F636 an amount of stand-alone  microwaves sites is calculated by multiplying the proportion of additional PDH microwaves (data input page D4 Network Statistics, cell F208) by the total amount of PDH microwaves (by summing up values of cells F631–F634).

3.4.3.6 Field “Base station controller (BSC)“

The calculation of the number of base station controllers is made up of four lines:

· The number of TRXs (calculations are defined in section 3.4.3.3 Transceiver (TRX))

· BSC capacity (amount of TRXs) is calculated in cell S16 of the page “D3 Headroom Allowance”.

· The number of BSC basic units is calculated dividing the number of TRX by BSC maximal operational capacity and rounding the number received to the higher number.

· The number of BSC extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of BSC extension unit and the number of BSC extension units is not equal to zero, otherwise there are no BSC extension units.

3.4.3.7 Field “Transcoder Controller (TRC)“

The calculation of the number of transcoder controller is made up of seven lines:

· Total throughput (kbit/s) is calculated by an algorithm defined in the Reference paper formula No. 93.

· Total 2 Mbit/s link capacity (E1 Asub interface) is calculated dividing total throughput by the basic 2 Mb/s link capacity (line 600).

· TRC compression rate is an assumption presented in the Reference paper.

· Total 2 Mbit/s link capacity (E1 A interface) is equal to the product of TRC compression rate and a total 2 Mbit/s link capacity (E1 Asub interface).
· TRC capacity (E1 A interface) is calculated in cell S17 of the page “D3 Headroom Allowance”.

· The number of TRC basic units is calculated dividing total 2 Mbit/s link capacity (E1 A interface) by maximal TRC operational capacity and rounding the received number to the higher number.

· The number of TRC extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of TRC extension units and the number of TRC basic units is not equal to zero, otherwise there are no TRC extension units.

3.4.3.8 Field “Radio Network Controller (RNC)“

The number of radio network controller depends on the capacity of Iub interface (Mbit/s), an amount of sectors in UMTS network and an amount of NodeB sites. A table of RNC number calculation is divided into the following three parts:

· Maximal operational capacity of RNC components (cells S31-S33 of page “D3 Headroom Allowance“)

· Demand of RNC components in a modelled network:

· Iub link throughput is calculated by multiplying cells 503-513 by cells 519-529 and dividing it by 1000.

· Total number of sectors in UMTS network is calculated in line 214 and defined under section 3.4.3.1 NodeB Calculations.

· Total number of sites is calculated in line 177 and defined under section 3.4.3.1 NodeB Calculations.

· The number of RNC basic and extension units 
· The number of RNC basic units is calculated dividing number of RNC component demand by respective maximal operational capacities and choosing the highest number and rounding it to the higher number.

· The number of RNC extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of RNC extension units and the number of RNC basic units is not equal to zero, otherwise there are no RNC extension units.
3.4.3.9 Field “MSC server (MSS) and media gateway (MGW)“

This table consists of calculation tables of MCS server (lines 677-685)  and media gateways (lines 687-717).

MSC server
In lines 677-682 there are model assumptions and preparation calculations laid down. In lines 684 and 685 calculations are made as follows:

· Number of MSS is evaluated based on minimal network requirements (assumption provided in Reference paper) and traffic requirements. The number of MSS basic units, needed to handle specific amount of busy hours call attempts (BHCA) in 3G core network (3G part is evaluated in line 54 of page “D4 Network Statistics”) is calculated by dividing BHCA amount by maximal amount of MSS processor capacity (product of CPU in one MSS and cell S34 of the page “D3 Headroom Allowance”). Thus, the number of MSS basic units equals to a higher number from the minimal MSS number and number of MSS, which is required to process BHCA (traffic requirements).

· Number of MSS extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of MSS extension units and the number of MSS basic units is not equal to zero, otherwise there are no MSS extension units .

MGW

In lines 688-692 there are model assumptions and preparation calculations laid down. In lines 694-717 MGWs amount calculations are done, which are described down below.
As defined in Reference paper section 7.11 Media Gateway, the number of MGW depends on minimal network requirements (it is assumed that there should be at least one MGW), traffic and ports requirements. The calculations of MGWs, made to meet traffic requirements, are adequate to those of MSS by incorporating respective values of MGW elements.

In the process of modelling MGW number to meet ports requirements, quantities of three types of ports are calculated:

· RNC-facing ports. Their number is calculated dividing the traffic of RNC-MGW in Erlangs by 0.7 and 31. RNC-MGW traffic is equal to the traffic of outgoing and incoming video calls, and processed outgoing and incoming voice calls, outgoing and incoming SMS, outgoing and incoming MMS and the double traffic of transit voice minutes in Erlangs in a media gateway (evaluated by multiplying values of line 54 of the page “D4 Network Statistics”.

· Interconnect-facing ports. This amount is calculated by dividing interconnect traffic in Erlangs by 0.7 and 31. This traffic is equal to the traffic of outgoing and incoming video calls, and the processed outgoing and incoming voice calls, outgoing and incoming SMS and traffic of double transit voice minutes in Erlangs in a media gateway (evaluated by multiplying values of line 54 of the page “D4 Network Statistics”).

· MGW/tandem-facing ports. This number is calculated by dividing the traffic of MGW/tandem facing ports by 0.7 and 31. This traffic is equal to the traffic of on-net video calls and on-net voice calls, on-net SMS and on-net MMS in Erlangs in a media gateway (evaluated by multiplying values of line 54 of the page “D4 Network Statistics”).

Summing up the numbers of ports the number of total required MGW ports is received. The number of MGW to meet ports requirements is calculated dividing the above mentioned number by maximal operational capacity of ports (cell S36 of the page “D3 Headroom Allowance”) and rounding it to the higher number.

Number of MGW ports extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of MGW extension units and the number of MGW basic units is not equal to zero, otherwise there are no MGW extension units.

In conclusion, the number of MGW basic units in all the network is evaluated by choosing the highest number from MGW number as an assumption of minimal network requirements, MGW number to meet traffic requirements and MGW number to meet port requirements (results are in line 717).

3.4.3.10 Field “Mobile switching center (MSC)“

As defined in Reference paper section 7.9 Mobile Switching Center the amount of MSC depends on minimal network requirements (it is assumed that there should be at least two MSCs, line 722), CPU, ports and VLR part requirements.

MSC number of CPU part is calculated adequately to the previously mentioned MSS by using respective values of MSC values. 

In the process of modelling MSC number to meet ports requirements, quantities of three types of ports are calculated:

· BSC-facing ports. Their number is equal to total 2Mbit/s link capacity (E1 A interface), calculated in a TRC table (line 653).

· Interconnect-facing ports. This number is calculated by dividing interconnect traffic in MSC in Erlangs by 0.7 and 31. This traffic is equal to the traffic of outgoing and incoming video calls, and the processed outgoing and incoming voice calls, outgoing and incoming SMS and traffic of double transit voice minutes in Erlangs in a MSC (evaluated by multiplying values of line 53 of the page “D4 Network Statistics”).

· MSC/tandem-facing ports. This number is calculated by dividing the traffic of MGW/tandem-facing ports by 0.7 and 31. This traffic is equal to the traffic of on-net voice calls and on-net SMS in Erlangs in a MSC (evaluated by multiplying values of line 53 of the page “D4 Network Statistics”).

Summing up the numbers of ports the number of total required MSC ports is received. The number of MSC to meet ports requirements is calculated dividing the above mentioned number of ports by maximal operational capacity of slots (cell S36 of the page “D3 Headroom Allowance”) and by rounding it to the higher number.

Number of MSC ports extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of MSC extension units and the number of MSC basic units is not equal to zero, otherwise there are no MSC extension units.

Number of SS7 links in a MSC is calculated by dividing the number of inter-switch (line 738) and interconnection facing ports (line 742) by the number of trunks per SS7 link (line 755).

Number of SS7 extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of SS7 extension units and the number of SS7 basic units is not equal to zero, otherwise there are no SS7 extension units.

MSC number of VLR part is calculated by dividing the number of GSM users by maximal operational capacity of VLR (cell S19 of the page “D3 Headroom Allowance”) and by rounding the result number to the higher number.

Number of VLR extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of VLR extension units and the number of VLR basic units is not equal to zero, otherwise there are no VLR extension units. Results are presented in line 767.
In conclusion, the total number of MSC basic units in all the network is evaluated by choosing the highest number from MSC number as an assumption of minimal network requirements, CPU part, ports part and the number of VLR part. Results are presented in line 769.
3.4.3.11 Field “Intelligent network (IN)“

In this section number of Service Control Point (SCP), an intelligent network part, is calculated. It depends on the number of pre-paid subscribers and on the busy hour transactions number per second. The calculations of such amounts are defined below:

· Number of SCP to meet subscribers demand (line 775) is calculated by dividing the number of pre-paid subscribers by maximal operational capacity of SCP (cell S23 of the page “D3 Headroom Allowance”).

· Number of SCP extension units to meet subscribers demand (line 784) is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of SCP extension units to meet subscribers demand and the number of SCP basic units is not equal to zero, otherwise there are no SCP extension units to meet subscribers demand .

· Number of SCP to meet traffic demand (line 780) is calculated by dividing the amount of BH transactions per second by maximal SCP operational capacity for the traffic demand (cell S24 of the page “D3 Headroom Allowance”). The amount of BH transactions per second is calculated in accordance with the Reference paper formula No. 89.

· Number of SCP extension units to meet traffic demand (line 786) is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of SCP extension units to meet traffic demand and the number of SCP basic units is not equal to zero, otherwise there are no SCP extension units to meet traffic demand.

· Number of SCP basic units is calculated by choosing the highest number from the amount of SCP to meet subscribers demand and the amount of SCP to meet traffic demand. Calculation presented in line 782.
3.4.3.12 Field “Voice messaging service (VMS)“

The calculation of voice messaging service units consists of four lines:

· Number of subscribers (here is placed for additional required data for calculation)
· Capacity of the VMS (mailboxes) is calculated in cell S25 of the page “D3 Headroom Allowance”.

· Number of VMS basic units is calculated dividing the number of subscribers by VMS maximal operational capacity (mailboxes) and rounding the number received to the higher number.

· Number of extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of VMS extension units and the number of VMS basic units is not equal to zero, otherwise there are no VMS extension units.

3.4.3.13 Field “Home location registry (HLR)“

The calculation of the number of home location registry consists of four lines:

· Number of subscribers (here is placed for additional required data for calculation)
· Capacity of the HLR (subscribers) is calculated in cell S26 of the page “D3 Headroom Allowance”.

· Number of HLR basic units is calculated dividing the number of subscribers by HLR maximal operational capacity and by rounding the number received to the higher number.

· Number of extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of HLR extension units and the number of HLR basic units is not equal to zero, otherwise there are no HLR extension units.

3.4.3.14 Field “Short message service center (SMSC)“

The calculation of the number of short message service center consists of five lines:

· Number of BH SMS per minute is calculated by dividing the number of Erlangs of SMS in SMSC by SMS to minute conversion factor.

· Number of BH SMS per second is calculated by dividing the number of BH SMS per minute by 60.

· Capacity of the SMSC (BH SMS per second) is calculated in cell S27 of the page “D3 Headroom Allowance”.

· Number of SMSC basic units is calculated dividing the number of BH SMS per second by SMSC maximal operational capacity and rounding the number received to the higher number.

· Number of extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of SMSC extension units and the number of SMSC basic units is not equal to zero, otherwise there are no SMSC extension units.
3.4.3.15 Field “Multimedia messaging service center (MMSC)“

The calculation of the number of multimedia messaging service center consists of five lines:

· Number of BH MMS per minute is calculated by dividing the number of Erlangs of MMS in MMSC by MMS to minute conversion factor.

· Number of BH MMS per second is calculated by dividing the number of BH MMS per minute by 60.

· Capacity of the MMSC (BH MMS per second) is calculated in cell S28 of the page “D3 Headroom Allowance”.

· Number of MMSC basic units is calculated dividing the number of BH MMS per second by MMSC maximal operational capacity and rounding the number received to the higher number.

· Number of MMSC extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of MMSC extension units and the number of MMSC basic units is not equal to zero, otherwise there are no MMSC extension units.
3.4.3.16 Field “Packet control unit (PCU) and serving GPRS support node (SGSN)“

This table consists of the tables of CPU and SGSN calculations.

In calculation of the number of PCU the Gb link throughput (Mbit/s) should be evaluated first, as defined in Reference paper formula No. 84. Then this throughput is divided by maximal operational capacity of PCU, rounded to a higher number and thus the number of PCU basic units is received.

Number of PCU extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of PCU extension units and the number of PCU basic units is not equal to zero, otherwise there are no PCU extension units.
In calculation of the number of SGSN the Gb link throughput (BH packets / sec) should be evaluated first, as defined in Reference paper formula No. 86. Then this throughput is divided by maximal operational capacity of SGSN, rounded to a higher number and thus the number of SGSN basic units is received.

Number of SGSN extension units is calculated according to the algorithm, defined in the Reference paper formula No. 24 if the operational capacity of SGSN extension units and the number of SGSN basic units is not equal to zero, otherwise there are no SGSN extension units.
3.4.3.17 Field “Core SDH transmission“

In this section an algorithm and the result of the number of SDH microwave is presented. The total number of BSC and RNC is presented in a cell F849 and the number of MSC/MGW – in a cell F850. These numbers are calculated in previous sections.

In cells F854-F860 the distribution of the total demand for capacity of BSC/RNC – MSC/MGW and MSC/MGW – MSC/MGW between SDH radiolinks and leased lines is settled. This is defined by the proportions of transmission network (input parameters page – D4 Network Statistics, F231 – F232), provided by Operators, but modelling general scenario – referring to assumptions laid down in section 3.2 of the Reference paper.
In cell F862 the number of BSC/RNC – MSC/MGW sections, in order to meet the required capacity demand is calculated based on the settled parameters.

Finally, the total amount of SDH radiolinks is settled in cell F864.

In cell F866 the amount of additional stand-alone microwave sites is calculated by multiplying the additional proportion of SDH (page of data input D4 Network Statistics, cell F211) by the total amount of SDH radiolinks (cell F864).

3.4.3.18 Field “Leased lines“

In this section an algorithm and results of settling the amount and length of leased lines in a transmission network is presented. 

In cell F872 the number of BSC/RNC – MSC/MGW leased lines is presented by multiplying the number of BSC and RNC (cell F849) by transmission network percentage, covered by leased lines (page of data input D4 Network Statistics, cell F232). In cell F875 the length of hexagonal radius is settled (calculations are based on an assumption, laid down in Reference paper, that the territory of the Republic of Lithuania is divided into as many hexagons as many MSC/MGW the model calculate), the value of which is used in defining the average length of leased lines between BSC/RNC – MSC/MGW (cell F876). The number of BSC/RNC – MSC/MGW leased lines (cell F872) is multiplied by the average length of dedicated lines between BSC/RNC – MSC/MGW (cell F876). Thus, the number of leased lines connecting BSC/RNC – MSC/MGW is calculated and the value of which is presented in calculations page C4 Revaluation, in a cell D100.

In cell F880 the number of MSC/MGW – MSC/MGW leased lines is presented. In cell F883 the length of hexagonal radius is settled (calculations are based on an assumption, laid down in Reference paper, that hexagonal radius equals the territory of the Republic of Lithuania), the value of which is used in defining the average length of leased lines between MSC/MGW – MSC/MGW (cell F884). The number of MSC/MGW – MSC/MGW leased lines (cell F880) is multiplied by the average length of leased lines between MSC/MGW – MSC/MGW (cell F884). Thus, the number of leased lines connecting MSC/MGW – MSC/MGW is calculated and the value of which is presented in calculations page C4 Revaluation, in a cell D102.

3.4.4 Page “C4 Revaluation“

In this calculations’ page the current value of the network is established and investments received are converted to annual values.

Column B “HCC name” contains HCC groups and their components. Column D “Volumes” contains amounts of network elements, which are settled in calculations’ page C3 Network Design. Column E “Unit costs, total (LTL)” contains values of network elements, their values are taken from the page of input parameters “D5 HCC data”. Column F (Total GRC (LTL)) contains the result of multiplication of columns D and E, i.e. gross replacement cost (GRC).

As previously mentioned, the investments are converted to annual values. This calculations’ page includes three methodologies of investments conversion to annual values. Column G “Annuity” contains annuity method, column H “Tilted annuity” – method of tilted annuity, column I “Straight-line” – straight line depreciation method. All three methods are described in Reference paper. As the straight-line depreciation method is chosen and approved in Reference paper, column J (Method chosen) contains annual values, which are calculated by the method of straight-line depreciation.

Column K calculates the holding gain (losses), column L calculates cost of capital. Principles of calculating the holding gain (losses) and cost of capital are defined ant approved in Reference paper.

3.4.5 Page “C5 Mark-ups”

In this page of calculations, mark-ups to cover common costs are added to annual network investment values, defined in the page of calculations “C4 Revaluation”.

Column B (HCC name) contains HCC groups and their components. Column C “Total GRC (LTL)” contains respective GRC values of network elements from the page of calculations “C4 Revaluation”, column F “Total GRC (LTL)”. Column D “Yearly cost before mark-ups” contains annual values of network investment, calculated in column J of the calculations’ page “C4 Revaluation”.

Columns E, F, G and H settles mark-ups, defined in section 3.3.6, to cover common costs. Column E (OPEX) include the values of mark-ups to cover common costs, which are calculated by multiplying the respective GRC value (column C) by a respective mark-up to cover common costs (page of input parameters “D6 Mark-ups”, cells D11-D14). In column E, cells E10 – E13 GRC values are multiplied by mark-up to cover site infrastructure (page of input parameters “D6 Mark-ups”, cell D11). In cells E15 – E28 and E36 – E43 the value of GRC is multiplied by mark-ups to cover the costs of base station system (BSS) infrastructure (page of input parameters “D6 Mark-ups”, cell D12). In cells E30 – E34 GRC value is multiplied by mark-up to cover transmission network costs (page of input parameters “D6 Mark-ups”, cell D13). In cells E45 – E95 GRC value is multiplied by mark-up to cover MSC/MGW and other network element costs (page of input parameters “D6 Mark-ups”, cell D14).

Column F (OPEX administration and support) contain the values of mark-ups to cover administration and maintenance operating costs, which are calculated by multiplying the value of operational costs (column E) by mark-up to cover operating costs for administration and maintenance (page of input parameters “D6 Mark-ups”, cell D24).

Column G (Network management system) contains values of mark-ups to cover network management systems costs, which are calculated by multiplying a respective GRC value (column C) by a respective mark-up to cover common costs (page of input parameters “D6 Mark-ups”, cell D17 – F19). In cells G15 – G28 and G36 - 43 the value is multiplied by mark-up to cover BSS infrastructure costs (page of input parameters “D6 Mark-ups”, cell D17). In cells G30 – G34 the value is multiplied by mark-up to cover transmission network costs (page of input parameters “D6 Mark-ups”, cell D18). In cells G45 – G95 the value is multiplied by mark-up to cover costs of MSC/MGW and other network elements (page of input parameters “D6 Mark-ups”, cell D19).

Column H (CAPEX administration and support) contain values of mark-up to cover costs of capital for administration and maintenance, which is calculated by multiplying respective values of operating costs (column E) by mark-up to cover costs of capital for administration and maintenance (page of input parameters “D6 Mark-ups”, cell D27).

In column I (Yearly costs after mark-ups) annual network investments with mark-ups to cover common costs are calculated by adding up the values of columns D, E, F, G and H.

3.4.6 Page „C6 HCC – NC“

In this calculation page the HCC annual cost allocation to network components and network service unit costs assigned to particular network component is provided.

In column B “HCC name” HCC groups and its components are provided. In column C “Yearly cost” network elements’ annual cost are provided from calculation page “D6 Mark - ups” column I. These costs are distributed to network components. Network components are provided in D5 – X5 cells.  Annual costs for network components are distributed in this calculation page’s cells, indicating percentage of costs to particular network component.

In cells D104 – X104 total network component costs are calculated, summing assigned annual costs to a particular network component.

In cells D105 – X105 network services annual traffic to particular network component is defined. Network services annual traffic data is taken from calculation page „ C1 Demand calculation“, following the principles defined and approved in reference paper.

In cells D106 – X106 unit network component cost there is calculated, dividing  total network component costs (D104 – X104) by network service annual traffic (D105 – X105). 
3.4.7 Page „ C7 NC-Services“

The final results are calculated in this calculation page – unit cost (cells D9 – D20) . 

In column B “Service type” modelled network services are provided, in cells H5 – AB5 – network components.

In column E busy hour call termination costs are calculated. In column F off-peak call termination costs are calculated.
In cells H9: AB20 network service units costs assigned to network components (calculation page „C6 HCC – NC“, cells D106 – X106) are multiplied by services usage factors ( input parameter page „ D7 Service Matrix“, cells C9- X20). 

In cells D9 – D20 appropriate row values are summed up and network service costs are calculated. 

3.4.8 Page „C8 Erlang“

This page consist of single and dual band erlang tables. Each table has these columns: “Number of channels” (columns B, K ), „Number of TRX“ (columns C, L) and „ Blocking probability “ (columns D-G, M-P).

Erlang table results with specific blocking probability is used to convert number of TRX to number of channels and on contrary.
4. Point of interconnection (POI) model

In POI model the costs of two services are determined which definitions are given in the table below.
	Table 2.  The list of modelled services

	No.
	Service name
	Definition 

	
	
	

	1. 
	Point of interconnection 
	Providing geographically defined location, equipment and other associated services where mobile networks of the same or another entity are connected physically or logically to enable mobile network service recipients of one entity to use interconnection and/or the services provided by the connections with the other entity‘s service recipients including all the entities with the access to respective networks. 

	2. 
	Providing capacity for point of interconnection
	Providing capacity of point of interconnection equipment, telephone switch access capacity (allocated at the point of interconnection) and other associated services enabling call exchange between the interconnected parties.


POI model structure is composed of two main parts:

· Modelling assumptions
· Results 

4.1 Methodical assumptions
Modelling assumptions page is divided into these parts:

· POI services one-off costs (row 8) 

· Financial data (row 16)

· Mark-ups (row 25)

· Technical data (32 eilutė)

· Equipment prices (row 41)

In POI services one-off costs part, cells B10 – B13, POI services one-off activities names are given. In cells D10 – D13 the number of hours for the particular activities to be done is provided. Monthly wage is shown in cells E10 – E13. In cells F10 – F13 additional costs for the appropriate activities are provided. Referring to the assumptions defined above, in cells G10 – G13 appropriate POI services one-off activity cost are identified. Total one-off activities costs of POI are calculated in cell G14 .

In the financial data part, cell D18, WACC value is inserted.

Required equipments for the transmission network are provided in cells B21 – B23. In cells E21 – E23 equipment useful lifetime is provided. In cells F21 – F23 – average prices index of the last five years is inserted. In cells G21– G23 – Net book value (NBV) and gross book value (GBV) ratio is provided.

In mark- ups part, cells B27 – B30, the names of mark-ups are given. In cells D27 – D30 the values of mark –ups are inserted (from BU – LRAIC model).

In technical data part, cells B34- B37, the definitions of technical parameters are given. In cells D34 – D46 the values of defined technical parameters are given.

In equipment prices part, cells B43 – E46 - names of the equipment required for transmission network are given. In cells D43 – D46 the quantity of the required equipment is given. In cells E43 – D46 equipment prices are set. And finally, total cots are calculated in cell D49.

4.2 Results
The results page is divided into these parts:

· CAPEX and mark- ups (row 2)

· POI costs (row 15)

· Providing capacity for POI ( row 24)

In GRC and mark-ups part GRC costs are transformed into annual values (cells D5 – D8) (using the straight line depreciation model). In cells F5 – I7 the mark- ups are estimated. Mark-up values as percentages are taken from „Modelling assumptions“ page, cells D24 – D27. In cells J5 – J8 annual network costs with mark- ups are estimated. In cell J10 total annual network costs are calculated.

In cells J12 2 Mbit/s transmission link costs are calculated, dividing total annual network costs (cell J10) by 2 Mbit/s transmission link number ( „Modelling assumptions “ page, cell D31).

In POI costs part, cell D19, one-off POI activities costs are given. This value is taken from „Modelling assumptions“ page, cell G11. In cell D22 periodical monthly costs are calculated. This parameter is estimated in GRC and mark-ups part, dividing calculated annual network costs by 12.

In the third part of the page, cell D28, providing capacity for POI one-off activities costs are given. This value is taken from „Modelling assumptions“ page, cells G7 – G9. 

In cell D31 periodical monthly costs are set. This parameter is estimated in GRC and mark- ups part, dividing calculated annual network costs by 12.

Appendix A Entry data updating methodology
	Page
	Data
	Cells
	Periodicity
	Data revaluation source

	D1 Service Volumes
	Service statistics 
	F10 – L37
	Data is updated 1 time in a year
	Information is updated according to the data on sold services provided by Operators

	D2 Service Statistics
	Routing factors 
	F10 – L32
	Data is updated 1 time in 2 years
	Information is updated by consulting Operators and  telecommunication industry experts

	D2 Service Statistics
	Call and call set-up durations
	E40 - E42
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D2 Service Statistics
	Completion rates
	E44
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D2 Service Statistics
	De-averaging factors 
	E46 - E47
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D2 Service Statistics
	De-averaging factors
	F48 – L48
	Data is updated 1 time in 2 years
	Information is updated according to telecommunication industry experts

	D2 Service Statistics
	SMS/MMS conversion factors
	E50 - E52
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D2 Service Statistics
	Data conversion factors 
	E54 – E62
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D2 Service Statistics
	Video and voice calls conversion factors
	E64 – E65
	Data is updated 1 time in 2 years
	Information is updated according to telecommunication industry experts

	D2 Service Statistics
	Network parameters
	E67 – E72
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D3 Headroom Allowance
	Network elements headroom allowance data 
	F9 – J38
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D4 Network Statistics
	Coverage parameters 
	F10 – F44
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	Traffic split between networks 
	F48 – F54
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	UMTS traffic
	F62 – F75
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	GMS traffic
	F84 – F96
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	Node B capacity - combined
	F104 – F131
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D4 Network Statistics
	UMTS sites configuration
	F143 – F159
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	BTS capacity
	F167 – F168

F178 - F180
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D4 Network Statistics
	GSM sites configuration
	F186 – F204
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D4 Network Statistics
	Transmission
	F208 – F234
	Data is updated 1 time in 2 years
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D4 Network Statistics
	IN transactions number
	F239
	Data is updated 1 time in 2 years
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D5 HCC Data
	Current network equipment price
	D14 – D108
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D5 HCC Data
	Useful lifetime 
	G14 – G103
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D5 HCC Data
	Last five years price index average 
	H14 – H103
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators and telecommunication industry experts

	D5 HCC Data
	NBV and GBV ratio
	I14 – I103
	Data is updated 1 time in a year
	Information is updated according to the information provided by Operators

	D6 Mark ups 
	Mark-ups
	D11 - D27
	Data is updated 1 time in 2 years
	Information is updated according to the information provided by Operators and telecommunication industry experts
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