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1.1
Fundamentals of Telephony Access 

Access facilities (local loop) have dual functionality. They are used for both call termination and call origination. These facilities are, in large measure, dedicated to subscribers hence a significant proportion of the Access network cost is not contingent on volume of traffic which makes fully distributed costing the most appropriate methodology for estimating the cost of services originating or terminating on this network. 

Invariably, the prime goal of most new access service providers is to develop a substantial subscriber base. In a competitive market, therefore, whether or not interconnection is permitted on the access network, the nature of the services delivered over this network conduces readily to intense competition.

The model is designed to assist regulators in estimating average cost per dedicated subscriber line (cost per access line) used to deliver telephone service in different geographic zones. Since distance is a critical cost driver of access costs, the four zones: urban, sub-urban, rural and remote-rural are demarcated on the basis of distance. Estimates of traffic sensitive are not included in the objectives of this model.

1.2
Access Network

Telecommunication markets in the TAL region are in various stages of transition to competition. Consistent with WTO unbundling requirement, it is necessary to make a distinction between conveyance (core) network and access network in order to derive separate cost oriented charges for interconnection and access services. This requires a clear demarcation as to where the access network begins i.e. where the conveyance network ends. For illustrative purposes, this model has identified the access network, (Diagram 1) as comprising the transmission components that link the Main Distribution Frame (MDF) (at an RAU or a local switch) to customer premises.
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Generally, fixed local loops in the Americas are dominated by copper transmission, as such, copper local loop technology forms the basis for cost estimates in this model. This approach constitutes phase 1 of access cost evaluation, given the growing importance of wireless, coax and fibre to the curb local delivery technologies. 

The model therefore analyses an access network segmented in terms of: feeder (primary, extensions and sub primary), distribution and service access (drop, building, entrance and network interface). Diagram 3 refers.
1.3
Access Costs

Access costs are estimated in terms of average costs (cost per line) that are subject to both short and long run competitive influences. It is expected that new entrants would, at least, roll out alternative access network using modern cost effective technology, over the long term. So the issue of long run efficiency on the access network simply involves operating at the point of minimum unavoidable inefficiency. 

Except prescribed by Administrations as part of universal service policy, access costs should be covered by charges levied on consumers who should not be required to subsidize inefficiency on the local loop.  Moreover, because estimates of access costs are important to inform policies on rate rebalancing and universal service programmes, efficient costing is critical.

Access cost per line, the ratio: total access cost/number of lines, is assumed to be non-traffic sensitive. In this model access cost does not form a part of interconnect cost. Such lines are considered as customer dedicated, therefore, all related expenses should be recovered either by rental, one-off purchase, or other arrangements that would not impact the cost of interconnection on the core network. 
2.1
Access costing methodology

The costing methodology applied is Long Run Economic Efficiency Costing (LEC). The contention is that the access network is inherently competitive and given that its main components are highly insensitive to volume of traffic, network efficiency should be in large measure, a function of the manner in which size of the market impacts capacity utilization. Intra-regional variation in unit access cost is therefore contingent on distance and comparative capacity utilization. 

LEC Modeling of access network costs involves a series of steps beginning with network assumptions and culminating with estimates of cost per line.

Step 1 - Network Assumptions

The first step in applying the in modeling the access network is to make appropriate assumptions about an efficient network.

i. As indicated above, the access network is defined in terms of connection between the subscriber line card at the main distribution frame and customer premises, Diagram 2 refers. This connection could either be at a local switch (LS) or a remote access unit (RAU).

ii. An RAU could either be a Remote Access Concentrator (IRIM) or a Remote Switch (RSS/RSU).

iii. The capacity of an IRIM range between 180-480 line cards while RSS/RSU is 2,048 line cards. The number of subscribers should determine the capacity of RSS/RSU installed. 

iv. Cost of the access network is defined in terms of cost per line and is not sensitive to volume of traffic.

v. Copper access is the most common form of access and would be used to estimate the cost of the local loop in this model.

vi. Access deficit is the difference between cost per line and charge per line.

vii. Although wireless local loop is emerging, radio access is considered only for remote rural areas.

viii. Notwithstanding awareness of fibre coming closer to dwelling units, fibre in the local loop is used mainly to facilitate some business access.

Step 2 - Prepare classification of customers/connection in terms of geographic zones. This model takes into consideration four (4) geographic zones as listed hereunder:

Urban

Sub-urban

Rural

Remote-rural

Step 3 - Data collection re: number and type of urban connections (generally urban customers are connected directly to LSs); number and type of sub-urban and rural connections (these customers are normally connected to RAUs) and the number and type remote rural connections (customers may be served by radio connection).

Step 4 - Collect information regarding average distance per customer in each geographical area.

Step 5 - Where connection to a LS or RAU involves a pillar, collect data re: number of connections and the average distance per connection between the pillar and customer premises.

Step 6 - Calculate ratios of connection type per geographical area e.g. for urban areas, number of fiber connections/number of copper connections.

Step 7 - Calculate customer density per area.

Step 8 - Calculate access cost on the basis of technology application i.e:

· Copper

In this model cost formulae are for copper access.  

2.2
Modeling Copper Access

Based on the above assumptions, modeling the cost of copper access involves the following iterations:-

2.2.1
Verify and Specify Existing Network Architecture

This process may be guided by the three basic types of architecture for copper access shown at Diagrams 1, 2 and 3.

2.2.2
Identification of Network Equipment

Source from the operator a list of equipment in terms of asset type, quantity and capacity re: connection between customer premises and MDF. Assuming that the connection between customer premises and the MDF at the first switch site (IRIM, RSS/RSU or LS) the under-listed information is necessary, (Table I is an example of an access facilities inventory table). 

a) Number of network terminating points/number of subscribers;

b) Number and average distance of dedicated single copper pair running from the customer premises to the distribution point (DP);

c) Number, size and average distance re multi-pair cables connecting the DP to the first cable junction (CJ);

d) Number, size and average distance re multi-pairs of cables connecting the CJs.

e) Number of pillars for connections using RSS/RSUs.

f) Number, size and average distance re multi-pairs of cable connecting the last CJ/Pillar to the MDF.

g) Number and type equipment comprising the line side of LS or RAU used exclusively by the access network.

h) Average trench length per geographic area

i) Number of services sharing trench  

Table I

	Access Network Infrastructure Components

	Component
	Urban 
	Sub Urban 
	 Rural
	Remote Rural 
	Total

	1.Total Cable Length (km)
	 
	 
	 
	 
	 

	(i) Distribution 
	
	
	
	 
	 

	(ii) Feeder 
	
	
	
	 
	 

	2. Total Trench length (km) 
	
	
	
	 
	 

	(i) Without adjustment for sharing
	
	
	
	 
	 

	(ii) With adjustment for sharing 
	
	
	
	 
	 

	3. Number of pillars 
	 
	 
	 
	 
	 


Diagram 2
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2.2.3
Specification of Cost Drivers

The most critical cost drivers are distance and cable size. Distance can be estimated in terms of average distance per subscriber for each geographic area.

Regulators will have to depend on the operator for such information for each geographical area.
2.2.4
Deriving Total Cost per Area

Estimate investment cost of access plant (Table II) in terms of: 

i. Network termination point (NTP), components (customer specific cost).

ii. Final drop components (single copper pair), (customer specific cost).

iii. Copper cables of varying sizes leading to the MDF (shared costs).

iv. Components associated with distribution points and cable junctions (parts of the average cable costs, these costs are shared costs).

v. Trenching (costs are shared costs).

vi. Pillars (if necessary).

vii. Line cards at RAU sites and LS sites (cost is customer specific though the cost of sparing is shared).

viii. The proportion RAU/LS site costs attributable to access (shared cost).

Table II

	Access Network Component Costs  (Investment)

	Component
	Urban 
	Sub Urban 
	 Rural
	Remote Rural 

	Copper Cable 
	 
	 
	 
	 

	Trench 
	 
	
	
	 

	Line Cards 
	 
	
	
	 

	Non-traffic sensitive parts of switch
	 
	
	
	 

	Proportion of shared site 
	 
	
	
	 

	Additional Equipment for rural and 
	 
	
	
	 

	Remote-rural customers 
	 
	 
	 
	 

	Total 
	 
	 
	 
	 


ix. Annualize asset costs, including opportunity cost of capital (comprising reasonable return on investment) taking into consideration asset life, price movement, productivity factors etc (Table III).

x. Estimate annual OPEX and add to annualized asset cost(Table III). 

xi. Estimate and add factor for ancillary costs (Table III).

Table III

	Access Network Component Costs (Investment)  Annualised

	Component
	Depreciation (based on

asset life and price

changes anticipated)
	Capital

Cost
	Opex
	Other

Expenses
	Total

Component

Costs

	Copper Cable 
	 
	 
	 
	 
	 

	Trench 
	 
	 
	 
	 
	 

	Line Cards 
	 
	 
	 
	 
	 

	Non-traffic sensitive parts of switch
	 
	 
	 
	 
	 

	Additional Equipment for rural and 
	 
	 
	 
	 
	 

	remote rural customers 
	 
	 
	 
	 
	 

	Total Investment Cost
	 
	 
	 
	 
	 


xii. Estimate average Total cost (ATC)/cost per line per geographic area by dividing total cost by number of subscribers for each area (Table IV).

Table IV

	Access Cost Per Line

	 
	Urban
	Sub Urban 
	Rural
	Remote rural

	Total Cost 
	 
	 
	 
	 

	Number of Lines 
	 
	
	
	 

	Cost per line 
	 
	
	
	 

	 
	 
	 
	 
	 


2.3
Adjustment for Growth In Demand 

Cost per line as derived at Table IV does not take into account growth in demand. Given that adjustments were made for network cost to accommodate growth such prospects have to be included on the demand side in order to improve efficiency in estimates of access cost per line. 

2.3.1
Estimating Demand

Current demand for the access network Da is expressed as:

1. Da = Ln + Ln*

Where:

Ln = Number of existing lines as indicated at Table IV

Ln*= unfulfilled request for line installation

Potential demand Dp  is given as:

2. Dp = Daα

Where:

α =  a factor for long run growth in demand for lines (long run is at least 5 years)

Therefore total demand for lines (Dt ) is:

3. Dt  = Da  + Daα
 or

4. Dt  = Da (1+α)

2.3.2
Estimating Cost per Line

Short Run Average Total Cost (SRATC) per line is the ratio: total cost/current demand:

5. SRATC = ATC/ Da

Long Run Average Total Cost (LRATC) per line is the ratio: total cost/total demand for lines: Modules for calculation such costs are at Table 9.

6. LRATC = ATC/ Dt
Table V

Unit Access Costs
	
	1
	2
	3

	Area
	Total

Cost
	Number of

Lines
	Cost per

Line (1/2)

	a) Urban
	
	
	

	b) Sub Urban
	
	
	

	c) Rural

d) Remote Rural
	
	
	

	Total
	(1a+1b+1c+ 1d)
	(2a+2b+2c+2d)
	

	Average cost per line
	(1a+1b+1c+1d)
	/(2a+2b+2c+2d)
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2.3.3
Efficiency Adjustment

Capacity beyond Dt is excess capacity. Adjustment should be made to take into account the cost of excess capacity to minimize its impact on end users. In the case of excess capacity the equation for estimating unit cost becomes:

7. LRATC = ATC/{Dt (1-ß)}

Where ß is the adjustment factor for excess capacity. 

2.4
Adjustment for Aerial Cable

The model assumes no aerial cabling. In effect, zero aerial cabling on the local loop may be futuristic in many TAL countries. However, the permutations involved in modeling aerial cabling are very demanding. In any case, certain studies have shown that the cost of aerial cabling is close to that of ploughed trench. As such, in areas where aerial cabling is predominant the cost of ploughed trench per metre can be used as a proxy for the cost per metre of aerial cabling. It should be noted that in this case, further adjustment may be necessary to reflect the issue of pole sharing as against trench sharing.

3
Costing Universal Service 

Assuming that the cost of universal service is equivalent to the difference in average cost of access lines in urban and sub-urban and the average cost of access lines in rural and remote areas then the cost of universal service obligation can be estimated at Table VI below as: 

Table VI

Universal Service Costs
	
	1
	2
	3

	Area
	Total
	Number of
	Cost per

	
	Cost
	Lines
	Line

	a) Urban & Sub Urban
	
	
	= 1a/2a

	b) Rural & Remote Rural
	
	
	= 1b/2b

	Universal Service Cost
	
	
	= (1b/2b) –

    (1a/2a) 


The average cost per line in rural and remote-rural areas minus the average cost per line urban and sub-urban areas. 

4. Access Deficit 

Access deficit is the difference between access costs and access charges.   The method of calculating access deficit per geographic zone is indicated at Table VII  

Table VII

Access Deficit

	
	Urban
	Sub Urban
	Rural
	Remote rural

	Total Investment Cost 
	X1
	X2
	X3
	X4

	Number of Lines 
	Y1
	Y2
	Y3
	Y4

	Cost per line 
	X1/Y1
	X2/Y2
	X3/Y3
	X4/Y4

	Charge per line 
	N1
	N2
	N3
	N4

	Access Deficit per line 
	(X1/Y1)-N1
	(X2/Y2)-N2
	(X3/Y3)-N3
	(X4/Y4)-N4


Table VIII

Access Network

	Site
	Quantity
	

	Customer Premises 

Equipment 
	
	

	Pillars 
	
	

	Copper Cable 
	
	

	Repeaters 
	
	

	Trench 
	
	

	Line Cards 
	
	

	
	
	


Table IX

Cable Distribution Table

	Cable Distribution 
	Urban
	Sub Urban
	Rural
	Total
	Average

	 
	 
	 
	 
	 
	 

	Cable Length 
	 
	 
	 
	 
	 

	· Distribution (km)
	 
	 
	 
	 
	 

	· Feeder (km)
	 
	 
	 
	 
	 

	Trench Length (km)
	 
	 
	 
	 
	 

	 Trench Sharing factor 
	 
	 
	 
	 
	 

	Total Trench length (km)
	 
	 
	 
	 
	 

	Number of pillars 
	 
	 
	 
	 
	 


Table X

Access Costs Estimates

	Asset
	Unit Cost 
(current)
	Number of 
Units
	Total
Cost
	Asset 
Life
	Price 
Trend
	Capital 
Cost
	Revenue 
Projection
	Productivity
Projection
	Depreciation
Method
	Depreciation
 Charge

	Site 
	 
	 
	Allocated 
	 
	 
	 
	 
	 
	 
	 

	Customer premises
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Equipment
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Pillars 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Copper cable 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Repeaters
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Trench
	 
	 
	Allocated 
	 
	 
	 
	 
	 
	 
	 

	Line cards 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sub Total 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	OPEX (% of investment cost annualised)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Other Ancillary Costs 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(% of investment cost 
	
	
	
	
	
	
	
	
	
	 

	Annualized 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total Investment Cost 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Appendix XI

Allocation Table

Access

	Asset
	Urban
	Sub Urban
	Rural
	Total
	Average

	 
	 
	 
	 
	 
	 

	Cable Length 
	 
	 
	 
	 
	 

	Distribution (km)
	 
	 
	 
	 
	 

	Cable Length 
	 
	 
	 
	 
	 

	Feeder (km)
	 
	 
	 
	 
	 

	Trench Length (km)
	 
	 
	 
	 
	 

	Sharing factor 
	 
	 
	 
	 
	 

	Total Trench length (km)
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Number of pillars 
	 
	 
	 
	 
	 


________________________
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