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1. Sensitivity analysis approach
Having created the bottom up long run average incremental costs model (further on – BU-LRAIC) and having estimated the cost based mobile network termination rates in Lithuanian mobile network, it is essential to analyze modeling results’ (mobile telephone network services costs) sensitivity to the certain input parameters’ variation. This document presents the results of BU-LRAIC model sensitivity analysis.
Sensitivity analysis is performed by altering BU-LRAIC model‘s input data values and recording the  variations of the model results. The sensitivity analysis of BU-LRAIC model results was performed, evaluating the sensitivity to these input data groups:

· Mobile telephone network services demand;

· The gross replacement cost  (further on – GRC);
· Network technical parameters;
· Routing factors;
· Long-run assets useful lifetime;
· Mark-ups to cover common costs;
· Weighted average cost of capital (further on – WACC).
BU-LRAIC model sensitivity analysis was performed, using the general model scenario for estimating the costs of the operator, who is operating efficiently in competitive market. Calculations are performed using BU-LRAIC model data and modeling the network of 2009. 
BU-LRAIC  model sensitivity analysis results for the particular input data groups are presented in the chapters below. 
2. Sensitivity of the model results to input data groups 
The sensitivity of BU-LRAIC model results is reflected by the relative variations of network service costs, obtained by altering the input data values and presented in the tables below.
2.1 Service demand
The results of BU-LRAIC model sensitivity to the network service demand variations analysis are presented in the table below. The table shows the relative variations of network service expenditures, which are obtained by altering all the indicated network service volumes by the specified percentage value (for example, volume*(1+x%)).
Table 1. Sensitivity of model results sensitivity to the demand of mobile telephone network services
	Service name
	Sensitivity of model results to the service demand variations

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%
	+100.00%

	Call origination
	+83.61%
	+34.48%
	+19.52%
	+8.75%
	+0.00%
	-6.61%
	-11.37%
	-14.67%
	-19.28%
	-23.08%

	Call termination
	+88.42%
	+36.38%
	+20.21%
	+9.02%
	+0.00%
	-6.52%
	-11.13%
	-14.15%
	-18.42%
	-21.67%

	On-net call
	+88.42%
	+36.38%
	+20.21%
	+9.02%
	+0.00%
	-6.52%
	-11.13%
	-14.15%
	-18.42%
	-21.67%

	WAP data transfer
	+99.94%
	+41.87%
	+24.08%
	+10.81%
	+0.00%
	-8.67%
	-15.50%
	-21.04%
	-29.68%
	-41.02%

	GPRS data transfer
	+99.92%
	+41.60%
	+23.84%
	+10.74%
	+0.00%
	-8.56%
	-15.19%
	-20.50%
	-28.71%
	-38.64%

	EDGE data transfer
	+96.80%
	+39.77%
	+22.69%
	+10.27%
	+0.00%
	-8.05%
	-14.09%
	-18.77%
	-25.87%
	-35.05%

	UMTS data transfer
	+106.90%
	+43.40%
	+24.61%
	+11.19%
	+0.00%
	-8.67%
	-15.09%
	-20.07%
	-27.66%
	-37.88%

	HSDPA data transfer
	+106.32%
	+43.29%
	+24.58%
	+11.15%
	+0.00%
	-8.68%
	-15.16%
	-20.22%
	-27.94%
	-38.50%

	CSD data transfer
	+85.19%
	+35.15%
	+19.86%
	+8.89%
	+0.00%
	-6.57%
	-11.25%
	-14.40%
	-18.98%
	-22.82%

	HSCSD data transfer
	+84.96%
	+35.03%
	+19.78%
	+8.85%
	+0.00%
	-6.53%
	-11.16%
	-14.27%
	-18.75%
	-22.39%

	SMS 
	+77.91%
	+35.32%
	+20.58%
	+9.16%
	+0.00%
	-8.19%
	-11.02%
	-15.80%
	-20.74%
	-29.08%

	MMS 
	+95.21%
	+40.50%
	+23.55%
	+10.50%
	+0.00%
	-8.53%
	-15.47%
	-21.21%
	-30.19%
	-43.89%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variation of network service demand. The increased network service demand determines lesser network service costs, and vice versa, lesser network demand determines greater network service costs. The first table also shows, that  WAP, GPRS, EDGE, UMTS, HSDPA data transmission and MMS service costs are more sensitive to network service demand variations. Moreover, it can be noticed, that model results are more sensitive to the decrease, rather than increase, of network service demand.

2.2 Network Gross replacement cost (GRC) 

The results of BU-LRAIC model sensitivity to GRC variations analysis are presented in the model below. The table shows the relative variations of network service costs, which are obtained by altering the GRC of every HCC by the specified percentage (for example,  GRC*(1+X%)).

Table 2. Sensitivity of model results to GRC variations
	Service name
	Sensitivity of model results to GRC variations

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	-48.92%
	-29.35%
	-19.57%
	-9.78%
	+0.00%
	+9.78%
	+19.57%
	+29.35%
	+48.92%

	Call termination
	-49.14%
	-29.49%
	-19.66%
	-9.83%
	+0.00%
	+9.83%
	+19.66%
	+29.49%
	+49.14%

	On-net call
	-49.14%
	-29.49%
	-19.66%
	-9.83%
	+0.00%
	+9.83%
	+19.66%
	+29.49%
	+49.14%

	WAP data transfer
	-49.52%
	-29.71%
	-19.81%
	-9.90%
	+0.00%
	+9.90%
	+19.81%
	+29.71%
	+49.52%

	GPRS data transfer
	-49.39%
	-29.64%
	-19.76%
	-9.88%
	+0.00%
	+9.88%
	+19.76%
	+29.64%
	+49.39%

	EDGE data transfer
	-49.20%
	-29.52%
	-19.68%
	-9.84%
	+0.00%
	+9.84%
	+19.68%
	+29.52%
	+49.20%

	UMTS data transfer
	-48.90%
	-29.34%
	-19.56%
	-9.78%
	+0.00%
	+9.78%
	+19.56%
	+29.34%
	+48.90%

	HSDPA data transfer
	-48.97%
	-29.38%
	-19.59%
	-9.79%
	+0.00%
	+9.79%
	+19.59%
	+29.38%
	+48.97%

	CSD data transfer
	-49.03%
	-29.42%
	-19.61%
	-9.81%
	+0.00%
	+9.81%
	+19.61%
	+29.42%
	+49.03%

	HSCSD data transfer
	-49.02%
	-29.41%
	-19.61%
	-9.80%
	+0.00%
	+9.80%
	+19.61%
	+29.41%
	+49.02%

	SMS 
	-49.90%
	-29.94%
	-19.96%
	-9.98%
	+0.00%
	+9.98%
	+19.96%
	+29.94%
	+49.90%

	MMS 
	-49.69%
	-29.82%
	-19.88%
	-9.94%
	+0.00%
	+9.94%
	+19.88%
	+29.82%
	+49.69%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the GRC variations. Increasing gross network replacement cost, the network service costs increase, and vice versa. 

2.3 Long-run assets useful lifetime
The results of BU-LRAIC model sensitivity to the variations of the long-run asset useful lifetime analysis are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering the useful lifetime of the long-run assets groups by the specified number. 
Table 3. Sensitivity of model results to the variations of long-run asset useful lifetime 
	Service name
	Sensitivity of model results to the variations of long-run asset useful lifetime (in years) 

	
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4

	Call origination
	+72.04%
	+41.09%
	+22.11%
	+9.27%
	+0.00%
	-7.02%
	-12.51%
	-16.93%
	-20.57%

	Call termination
	+70.21%
	+40.08%
	+21.59%
	+9.06%
	+0.00%
	-6.86%
	-12.25%
	-16.58%
	-20.15%

	On-net call
	+70.21%
	+40.08%
	+21.59%
	+9.06%
	+0.00%
	-6.86%
	-12.25%
	-16.58%
	-20.15%

	WAP data transfer
	+82.27%
	+45.16%
	+23.84%
	+9.88%
	+0.00%
	-7.38%
	-13.10%
	-17.66%
	-21.40%

	GPRS data transfer
	+70.80%
	+40.48%
	+21.84%
	+9.17%
	+0.00%
	-6.95%
	-12.41%
	-16.80%
	-20.41%

	EDGE data transfer
	+71.19%
	+39.51%
	+20.97%
	+8.72%
	+0.00%
	-6.53%
	-11.60%
	-15.66%
	-18.98%

	UMTS data transfer
	+62.13%
	+34.76%
	+18.51%
	+7.71%
	+0.00%
	-5.79%
	-10.29%
	-13.90%
	-16.85%

	HSDPA data transfer
	+65.39%
	+36.17%
	+19.15%
	+7.95%
	+0.00%
	-5.94%
	-10.55%
	-14.23%
	-17.24%

	CSD data transfer
	+71.43%
	+40.78%
	+21.97%
	+9.22%
	+0.00%
	-6.98%
	-12.45%
	-16.86%
	-20.49%

	HSCSD data transfer
	+72.02%
	+41.08%
	+22.11%
	+9.28%
	+0.00%
	-7.02%
	-12.52%
	-16.94%
	-20.58%

	SMS 
	+144.29%
	+59.33%
	+28.04%
	+10.99%
	+0.00%
	-7.78%
	-13.62%
	-18.20%
	-21.89%

	MMS 
	+214.08%
	+83.90%
	+38.29%
	+14.61%
	+0.00%
	-9.96%
	-17.20%
	-22.71%
	-27.05%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variations of long-run assets useful lifetime. The longer useful lifetime of the long-run assets determines lesser annual costs, and vice versa – the shorter useful time determines greater expenditures. Prolonging the long-run asset useful lifetime, the network service costs decreases, and vice versa. Moreover, it can be noticed, that model results are more sensitive to the prolonging, rather than shortening, of the long-run assets useful lifetime. The SMS and MMS costs increase by 100% in the “-4” column. This can be explained by the fact that SMSC and MMSC useful lifetime is equal to 5 years, and is the shortest among all the presented asset groups. Shortening the useful lifetime by 4 years (column “-4”), the SMSC and MMSC equipment expenditures are distributed over a year, which automatically increases the SMS and MMS service costs.  
2.4 Mark-ups to cover common costs
The results of BU-LRAIC model sensitivity to the variations of the mark-ups analysis are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering the mark-ups to cover OPEX and network management system costs by the specified percentage (for example, mark-up*(1+X%). The mark-ups to cover administration and maintenance costs change automatically by altering mark-ups to cover OPEX and network management system costs, as their cost base is OPEX costs.
Table 4. Sensitivity of model results to the variations of mark-ups 
	Service name
	Sensitivity of model results to the variations of mark-ups

	
	-50.00%
	-30.00%
	-20.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%
	+100.00%

	Call origination
	-12.05%
	-7.23%
	-4.82%
	+0.00%
	+2.41%
	+4.82%
	+7.23%
	+12.05%
	+24.10%

	Call termination
	-12.33%
	-7.40%
	-4.93%
	+0.00%
	+2.47%
	+4.93%
	+7.40%
	+12.33%
	+24.65%

	On-net call
	-12.33%
	-7.40%
	-4.93%
	+0.00%
	+2.47%
	+4.93%
	+7.40%
	+12.33%
	+24.65%

	WAP data transfer
	-11.15%
	-6.69%
	-4.46%
	+0.00%
	+2.23%
	+4.46%
	+6.69%
	+11.15%
	+22.31%

	GPRS data transfer
	-10.87%
	-6.52%
	-4.35%
	+0.00%
	+2.17%
	+4.35%
	+6.52%
	+10.87%
	+21.74%

	EDGE data transfer
	-10.33%
	-6.20%
	-4.13%
	+0.00%
	+2.07%
	+4.13%
	+6.20%
	+10.33%
	+20.66%

	UMTS data transfer
	-9.62%
	-5.77%
	-3.85%
	+0.00%
	+1.92%
	+3.85%
	+5.77%
	+9.62%
	+19.24%

	HSDPA data transfer
	-9.72%
	-5.83%
	-3.89%
	+0.00%
	+1.94%
	+3.89%
	+5.83%
	+9.72%
	+19.45%

	CSD data transfer
	-12.33%
	-7.40%
	-4.93%
	+0.00%
	+2.47%
	+4.93%
	+7.40%
	+12.33%
	+24.67%

	HSCSD data transfer
	-12.27%
	-7.36%
	-4.91%
	+0.00%
	+2.45%
	+4.91%
	+7.36%
	+12.27%
	+24.54%

	SMS 
	-13.38%
	-8.03%
	-5.35%
	+0.00%
	+2.68%
	+5.35%
	+8.03%
	+13.38%
	+26.75%

	MMS 
	-11.10%
	-6.66%
	-4.44%
	+0.00%
	+2.22%
	+4.44%
	+6.66%
	+11.10%
	+22.19%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variations of mark-ups. Increasing the mark-up, the network service cost increases and vice versa. 

2.5 Equipment price index
The results of BU-LRAIC model sensitivity to the variations of the equipment price indexes analysis are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering HCC price indexes of the model, adding or subtracting the specified percentage (for example, price index +X%).
Table 5. Sensitivity of model results to the variations of equipment price indexes
	Service name
	Sensitivity of model results to the variations of equipment price indexes

	
	-10.00%
	-5.00%
	-3.00%
	-1.00%
	+0.00%
	+1.00%
	+3.00%
	+5.00%
	+10.00%

	Call origination
	+14.85%
	+7.43%
	+4.46%
	+1.49%
	+0.00%
	-1.49%
	-4.46%
	-7.43%
	-14.85%

	Call termination
	+14.04%
	+7.02%
	+4.21%
	+1.40%
	+0.00%
	-1.40%
	-4.21%
	-7.02%
	-14.04%

	On-net call
	+14.04%
	+7.02%
	+4.21%
	+1.40%
	+0.00%
	-1.40%
	-4.21%
	-7.02%
	-14.04%

	WAP data transfer
	+18.55%
	+9.28%
	+5.57%
	+1.86%
	+0.00%
	-1.86%
	-5.57%
	-9.28%
	-18.55%

	GPRS data transfer
	+20.59%
	+10.29%
	+6.18%
	+2.06%
	+0.00%
	-2.06%
	-6.18%
	-10.29%
	-20.59%

	EDGE data transfer
	+18.67%
	+9.33%
	+5.60%
	+1.87%
	+0.00%
	-1.87%
	-5.60%
	-9.33%
	-18.67%

	UMTS data transfer
	+18.65%
	+9.33%
	+5.60%
	+1.87%
	+0.00%
	-1.87%
	-5.60%
	-9.33%
	-18.65%

	HSDPA data transfer
	+18.14%
	+9.07%
	+5.44%
	+1.81%
	+0.00%
	-1.81%
	-5.44%
	-9.07%
	-18.14%

	CSD data transfer
	+14.58%
	+7.29%
	+4.37%
	+1.46%
	+0.00%
	-1.46%
	-4.37%
	-7.29%
	-14.58%

	HSCSD data transfer
	+14.58%
	+7.29%
	+4.37%
	+1.46%
	+0.00%
	-1.46%
	-4.37%
	-7.29%
	-14.58%

	SMS 
	+11.25%
	+5.62%
	+3.37%
	+1.12%
	+0.00%
	-1.12%
	-3.37%
	-5.62%
	-11.25%

	MMS 
	+9.46%
	+4.73%
	+2.84%
	+0.95%
	+0.00%
	-0.95%
	-2.84%
	-4.73%
	-9.46%


The equipment price variations are relevant to the estimated model’s asset holding gain (loss). If asset prices rise, the asset holding gain is obtained, which decreases the annual costs, related to the long-run asset. If the asset prices fall, the costs increase. The network service cost increase or decrease accordingly. According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variations of equipment price indexes. Increasing the equipment price index, the network service cost decreases and vice versa. 

2.6 Weighted average cost of capital (WACC)

The results of BU-LRAIC model sensitivity to the variations of the weighted average cost of capital analysis are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering WACC values by the specified percentage (for example, WACC*(1+X%)).

Table 6. Sensitivity of model results to WACC variations
	Service name
	Sensitivity of model results to WACC variations

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	-8.70%
	-5.22%
	-3.48%
	-1.74%
	+0.00%
	+1.74%
	+3.48%
	+5.22%
	+8.70%

	Call termination
	-8.23%
	-4.94%
	-3.29%
	-1.65%
	+0.00%
	+1.65%
	+3.29%
	+4.94%
	+8.23%

	On-net call
	-8.23%
	-4.94%
	-3.29%
	-1.65%
	+0.00%
	+1.65%
	+3.29%
	+4.94%
	+8.23%

	WAP data transfer
	-10.87%
	-6.52%
	-4.35%
	-2.17%
	+0.00%
	+2.17%
	+4.35%
	+6.52%
	+10.87%

	GPRS data transfer
	-12.07%
	-7.24%
	-4.83%
	-2.41%
	+0.00%
	+2.41%
	+4.83%
	+7.24%
	+12.07%

	EDGE data transfer
	-10.94%
	-6.56%
	-4.38%
	-2.19%
	+0.00%
	+2.19%
	+4.38%
	+6.56%
	+10.94%

	UMTS data transfer
	-10.93%
	-6.56%
	-4.37%
	-2.19%
	+0.00%
	+2.19%
	+4.37%
	+6.56%
	+10.93%

	HSDPA data transfer
	-10.63%
	-6.38%
	-4.25%
	-2.13%
	+0.00%
	+2.13%
	+4.25%
	+6.38%
	+10.63%

	CSD data transfer
	-8.54%
	-5.12%
	-3.42%
	-1.71%
	+0.00%
	+1.71%
	+3.42%
	+5.12%
	+8.54%

	HSCSD data transfer
	-8.54%
	-5.13%
	-3.42%
	-1.71%
	+0.00%
	+1.71%
	+3.42%
	+5.13%
	+8.54%

	SMS 
	-6.59%
	-3.96%
	-2.64%
	-1.32%
	+0.00%
	+1.32%
	+2.64%
	+3.96%
	+6.59%

	MMS 
	-5.54%
	-3.33%
	-2.22%
	-1.11%
	+0.00%
	+1.11%
	+2.22%
	+3.33%
	+5.54%


The table above shows that by increasing the WACC value, the network service cost increases and vice versa. However, the sensitivity of results is lower compared to sensitivity to the input parameters analysed earlier. Moreover, it can be noticed that WAP, GPRS, EDGE, UMTS, HSDPA data transmission costs are the most sensitive to WACC variations. This happens because the data transmission network equipment useful lifetime is shorter (except SMSC/MMSC), compared to the other assets groups. Hence the investments comprise the bigger part of data transmission services costs structure, compared to the other services. As the bigger part of the cost structure is comprised of investments and WACC reflects return on investment, the increase of WACC value leads to the increase of data transmission service costs in a greater sense then the other modelled service costs. 
2.7 Network technical parameters
The following network technical parameters were selected to analyze their variation influence to the model results:

· Unsuccessful call attempts as percentage of successful calls;

· Busy hour traffic to average hourly traffic ratio; 

· Maximal NodeB cell range;
· Sector capacity allowance in BHT; 

· The number of trunks per SS7 link; 

· Sector reuse factor; 
· Physical sector capacity;

· Sector capacity – HSDPA.

The model results sensitivity to the network technical parameters variations is presented below. 
2.7.1 Busy hour traffic to average hourly traffic ratio
The results of BU-LRAIC model sensitivity to the variations of busy hour traffic to average hourly traffic ratio are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering the ratio busy hour traffic to average hourly traffic by the specified percentage value (busy hour traffic to average hourly traffic ratio*(1+X%)).

Table 7. Sensitivity of model results to the variations of busy hour traffic to average hourly traffic ratio
	Service name
	Sensitivity of model results to the variations of busy hour traffic to average hourly traffic ratio

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+30.00%
	+50.00%
	+100.00%

	Call origination
	-20.10%
	-12.37%
	-8.13%
	-3.88%
	+0.00%
	+3.69%
	+12.08%
	+22.57%
	+53.81%

	Call termination
	-17.47%
	-10.91%
	-7.29%
	-3.29%
	+0.00%
	+3.13%
	+10.64%
	+20.36%
	+49.52%

	On-net call
	-17.47%
	-10.91%
	-7.29%
	-3.29%
	+0.00%
	+3.13%
	+10.64%
	+20.36%
	+49.52%

	WAP data transfer
	-7.15%
	-4.41%
	-2.81%
	-1.30%
	+0.00%
	+1.28%
	+4.10%
	+8.08%
	+21.73%

	GPRS data transfer
	-9.04%
	-5.58%
	-3.56%
	-1.64%
	+0.00%
	+1.61%
	+5.19%
	+10.21%
	+27.47%

	EDGE data transfer
	-14.18%
	-8.65%
	-5.60%
	-2.64%
	+0.00%
	+2.59%
	+8.39%
	+15.29%
	+35.53%

	UMTS data transfer
	-11.71%
	-7.21%
	-4.60%
	-2.10%
	+0.00%
	+2.05%
	+6.86%
	+12.92%
	+30.05%

	HSDPA data transfer
	-11.14%
	-6.86%
	-4.39%
	-2.01%
	+0.00%
	+1.95%
	+6.50%
	+12.25%
	+28.49%

	CSD data transfer
	-18.61%
	-11.46%
	-7.53%
	-3.58%
	+0.00%
	+3.41%
	+11.17%
	+21.06%
	+50.49%

	HSCSD data transfer
	-18.90%
	-11.64%
	-7.65%
	-3.64%
	+0.00%
	+3.47%
	+11.34%
	+21.38%
	+51.28%

	SMS 
	-23.06%
	-13.70%
	-10.17%
	-3.50%
	+0.00%
	+5.85%
	+16.04%
	+26.38%
	+50.29%

	MMS 
	-5.44%
	-3.32%
	-2.16%
	-1.06%
	+0.00%
	+1.01%
	+3.25%
	+5.96%
	+14.00%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variations of busy hour traffic to average hourly traffic ratio. Increasing the ratio, the network service costs increase and vice versa. 

2.7.2 Maximal NodeB cell range
The results of BU-LRAIC model sensitivity to the variations of maximal NodeB cell range analysis are presented in the table below. The table shows the relative variations of network service costs, which are obtained by altering maximal NodeB cell range values by the specified percentage (for example, maximal NodeB cell range *(1+X%)).

Table 8. Sensitivity of model results to the variations of maximal NodeB cell range
	Service name
	Sensitivity of model results to the variations of maximal NodeB cell range

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	+50.59%
	+17.53%
	+9.44%
	+3.87%
	+0.00%
	-2.96%
	-5.24%
	-6.24%
	-7.60%

	Call termination
	+40.20%
	+13.93%
	+7.50%
	+3.08%
	+0.00%
	-2.35%
	-4.16%
	-4.96%
	-6.04%

	On-net call
	+40.20%
	+13.93%
	+7.50%
	+3.08%
	+0.00%
	-2.35%
	-4.16%
	-4.96%
	-6.04%

	WAP data transfer
	+131.88%
	+45.78%
	+24.69%
	+10.16%
	+0.00%
	-7.69%
	-13.55%
	-16.87%
	-21.55%

	GPRS data transfer
	+166.77%
	+57.89%
	+31.22%
	+12.85%
	+0.00%
	-9.72%
	-17.13%
	-21.33%
	-27.26%

	EDGE data transfer
	+150.29%
	+52.15%
	+28.11%
	+11.56%
	+0.00%
	-8.76%
	-15.47%
	-19.91%
	-26.16%

	UMTS data transfer
	+165.06%
	+57.25%
	+30.85%
	+12.68%
	+0.00%
	-9.61%
	-17.02%
	-22.47%
	-30.15%

	HSDPA data transfer
	+172.09%
	+59.69%
	+32.18%
	+13.24%
	+0.00%
	-10.01%
	-17.72%
	-23.43%
	-31.49%

	CSD data transfer
	+45.39%
	+15.73%
	+8.47%
	+3.47%
	+0.00%
	-2.66%
	-4.70%
	-5.60%
	-6.82%

	HSCSD data transfer
	+46.10%
	+15.98%
	+8.60%
	+3.53%
	+0.00%
	-2.70%
	-4.78%
	-5.69%
	-6.93%

	SMS 
	+4.71%
	+1.63%
	+0.88%
	+0.36%
	+0.00%
	-0.28%
	-0.49%
	-0.58%
	-0.71%

	MMS 
	+14.55%
	+5.04%
	+2.71%
	+1.11%
	+0.00%
	-0.85%
	-1.51%
	-1.80%
	-2.19%


According to the presented table, it can be concluded, that BU-LRAIC model results are sensitive to the variations of maximal NodeB cell range. Increasing the maximal NodeB cell range, the network service costs increases and vice versa. The data transmission service costs are the most sensitive, as it was expected. Moreover, it can be noted that model results are more sensitive to decrease of maximal NodeB cell range, than increase. Despite the fact only data is transmitted through UMTS network (approved assumption in the reference paper), the table above shows that the voice services are also sensitive to the maximal NodeB cell range. It happens because the variations of maximal NodeB cell range influences RNC amount, which determines the BSC/RNC – MSC/MGW link number, which in turn influences GSM network costs. 
2.7.3 Other network technical parameters 

The sensitivity analysis was done with other technical parameters as well. The results of the sensitivity analysis are provided below.
Table 9. Sensitivity of model results to the variations of sector reuse factor 
	Service name
	Sensitivity of model results to the variations of sector reuse factor

	
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	+1.11%
	+0.04%
	-0.28%
	+0.00%
	+0.00%
	+3.68%
	+3.68%
	+36.56%

	Call termination
	+4.60%
	+1.75%
	+0.09%
	+0.00%
	+0.00%
	+1.60%
	+1.60%
	+28.99%

	On-net call
	+4.60%
	+1.75%
	+0.09%
	+0.00%
	+0.00%
	+1.60%
	+1.60%
	+28.99%

	WAP data transfer
	+0.70%
	+0.16%
	-0.03%
	+0.00%
	+0.00%
	+2.51%
	+2.51%
	+25.25%

	GPRS data transfer
	+0.89%
	+0.21%
	-0.04%
	+0.00%
	+0.00%
	+3.18%
	+3.18%
	+31.93%

	EDGE data transfer
	-1.67%
	-1.54%
	-0.41%
	+0.00%
	+0.00%
	+5.67%
	+5.67%
	+34.32%

	UMTS data transfer
	+2.34%
	+0.97%
	+0.30%
	+0.00%
	+0.00%
	+0.85%
	+0.85%
	+14.58%

	HSDPA data transfer
	+2.20%
	+0.91%
	+0.28%
	+0.00%
	+0.00%
	+0.79%
	+0.79%
	+13.71%

	CSD data transfer
	+2.21%
	+0.70%
	-0.10%
	+0.00%
	+0.00%
	+2.82%
	+2.82%
	+32.77%

	HSCSD data transfer
	+2.25%
	+0.71%
	-0.10%
	+0.00%
	+0.00%
	+2.86%
	+2.86%
	+33.28%

	SMS 
	-0.15%
	-0.12%
	-0.05%
	+0.00%
	+0.00%
	+0.43%
	+0.43%
	+3.41%

	MMS 
	-0.45%
	-0.37%
	-0.16%
	+0.00%
	+0.00%
	+1.33%
	+1.33%
	+10.43%


Table 10. Sensitivity of model results to the variations of MSC/MGW routing factors (voice and video calls services) (for example, factor*(1+X%)

	Service name
	Sensitivity of model results to the variations of routing factors

	
	-50.00%
	-25.00%
	-20.00%
	-15.00%
	+10.00%
	+0.00%
	+10.00%
	+15.00%
	+20.00%
	+25.00%
	+50.00%

	Call origination
	-0.90%
	-0.55%
	-0.90%
	-0.39%
	-0.20%
	+0.00%
	+0.13%
	+0.18%
	+0.23%
	+0.28%
	+0.51%

	Call termination
	-2.51%
	-1.81%
	+1.34%
	+0.35%
	+0.10%
	+0.00%
	+0.05%
	+0.10%
	+0.15%
	+0.20%
	+0.54%

	On-net call
	-2.51%
	-1.81%
	+1.34%
	+0.35%
	+0.10%
	+0.00%
	+0.05%
	+0.10%
	+0.15%
	+0.20%
	+0.54%

	WAP data transfer
	+0.01%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	GPRS data transfer
	+0.01%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	EDGE data transfer
	+0.01%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	UMTS data transfer
	+0.02%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	HSDPA data transfer
	+0.02%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	CSD data transfer
	+20.99%
	+7.15%
	+5.36%
	+3.78%
	+2.38%
	+0.00%
	-1.95%
	-2.80%
	-3.58%
	-4.29%
	-7.15%

	HSCSD data transfer
	+21.32%
	+7.26%
	+5.45%
	+3.84%
	+2.42%
	+0.00%
	-1.98%
	-2.84%
	-3.63%
	-4.36%
	-7.26%

	SMS 
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	MMS 
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%


Table 11. Sensitivity of model results to the variations of unsuccessful call attempts as percentage of successful calls (for example, unsuccessful call attempts as percentage of successful calls +X%).

	Service name
	Sensitivity of model results to the variations of unsuccessful call attempts as percentage of successful calls

	
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%
	+60.00%

	Call origination
	-1.64%
	-0.79%
	-0.58%
	+0.00%
	+0.46%
	+1.01%
	+1.35%
	+2.26%
	+2.78%

	Call termination
	-1.44%
	-0.69%
	-0.53%
	+0.00%
	+0.38%
	+0.86%
	+1.15%
	+1.93%
	+2.38%

	On-net call
	-1.44%
	-0.69%
	-0.53%
	+0.00%
	+0.38%
	+0.86%
	+1.15%
	+1.93%
	+2.38%

	WAP data transfer
	-0.27%
	-0.02%
	-0.04%
	+0.00%
	+0.02%
	+0.17%
	+0.17%
	+0.27%
	+0.42%

	GPRS data transfer
	-0.34%
	-0.03%
	-0.05%
	+0.00%
	+0.02%
	+0.22%
	+0.22%
	+0.35%
	+0.53%

	EDGE data transfer
	-0.58%
	-0.12%
	-0.08%
	+0.00%
	+0.14%
	+0.43%
	+0.49%
	+0.76%
	+1.04%

	UMTS data transfer
	-0.42%
	+0.09%
	-0.02%
	+0.00%
	-0.03%
	+0.25%
	+0.19%
	+0.29%
	+0.55%

	HSDPA data transfer
	-0.40%
	+0.08%
	-0.02%
	+0.00%
	-0.03%
	+0.24%
	+0.18%
	+0.27%
	+0.52%

	CSD data transfer
	-1.54%
	-0.74%
	-0.56%
	+0.00%
	+0.42%
	+0.94%
	+1.25%
	+2.10%
	+2.58%

	HSCSD data transfer
	-1.56%
	-0.75%
	-0.57%
	+0.00%
	+0.43%
	+0.95%
	+1.27%
	+2.13%
	+2.62%

	SMS 
	-0.14%
	-0.07%
	-0.05%
	+0.00%
	+0.04%
	+0.09%
	+0.12%
	+0.20%
	+0.25%

	MMS 
	-0.44%
	-0.21%
	-0.15%
	+0.00%
	+0.13%
	+0.28%
	+0.37%
	+0.61%
	+0.76%


Table 12. Sensitivity of model results to the variations of sector capacity – HSDPA (for example., capacity*(1+X%)

	Service name
	Sensitivity of model results to the variations of sector capacity - HSDPA

	
	-100.00%
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	0.00%
	10.00%
	20.00%
	30.00%
	50.00%
	100.00%

	Call origination
	-2.81%
	-1.53%
	-1.00%
	-0.66%
	-0.33%
	0.00%
	0.26%
	0.59%
	0.87%
	1.45%
	2.99%

	Call termination
	-2.23%
	-1.22%
	-0.79%
	-0.53%
	-0.26%
	0.00%
	0.20%
	0.47%
	0.69%
	1.16%
	2.37%

	On-net call
	-2.23%
	-1.22%
	-0.79%
	-0.53%
	-0.26%
	0.00%
	0.20%
	0.47%
	0.69%
	1.16%
	2.37%

	WAP data transfer
	-3.03%
	-1.66%
	-1.09%
	-0.72%
	-0.36%
	0.00%
	0.30%
	0.66%
	0.94%
	1.59%
	3.25%

	GPRS data transfer
	-3.83%
	-2.10%
	-1.37%
	-0.92%
	-0.46%
	0.00%
	0.37%
	0.83%
	1.19%
	2.01%
	4.11%

	EDGE data transfer
	-5.05%
	-2.77%
	-1.81%
	-1.21%
	-0.60%
	0.00%
	0.49%
	1.10%
	1.56%
	2.65%
	5.42%

	UMTS data transfer
	-6.96%
	-3.82%
	-2.49%
	-1.66%
	-0.83%
	0.00%
	0.68%
	1.51%
	2.15%
	3.66%
	7.48%

	HSDPA data transfer
	-6.54%
	-3.59%
	-2.34%
	-1.56%
	-0.78%
	0.00%
	0.64%
	1.42%
	2.03%
	3.44%
	7.03%

	CSD data transfer
	-2.52%
	-1.38%
	-0.89%
	-0.60%
	-0.30%
	0.00%
	0.23%
	0.53%
	0.78%
	1.30%
	2.68%

	HSCSD data transfer
	-2.56%
	-1.40%
	-0.91%
	-0.61%
	-0.30%
	0.00%
	0.23%
	0.54%
	0.79%
	1.32%
	2.72%

	SMS 
	-0.26%
	-0.14%
	-0.09%
	-0.06%
	-0.03%
	0.00%
	0.02%
	0.05%
	0.08%
	0.14%
	0.28%

	MMS 
	-0.85%
	-0.46%
	-0.30%
	-0.20%
	-0.10%
	0.00%
	0.08%
	0.18%
	0.26%
	0.44%
	0.90%


Table 13. Sensitivity of model results to the variation of number of trunks per SS7 link (for example, number*(1+X%)

	Service name
	Sensitivity of model results to the variation of number of trunks per SS7 link

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	+0.02%
	+0.01%
	+0.01%
	+0.00%
	+0.00%
	-0.00%
	-0.00%
	-0.00%
	-0.01%

	Call termination
	+0.05%
	+0.02%
	+0.01%
	+0.00%
	+0.00%
	-0.00%
	-0.01%
	-0.01%
	-0.01%

	On-net call
	+0.05%
	+0.02%
	+0.01%
	+0.00%
	+0.00%
	-0.00%
	-0.01%
	-0.01%
	-0.01%

	WAP data transfer
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	GPRS data transfer
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	EDGE data transfer
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	UMTS data transfer
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	HSDPA data transfer
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	CSD data transfer
	+0.03%
	+0.01%
	+0.01%
	+0.00%
	+0.00%
	-0.00%
	-0.01%
	-0.01%
	-0.01%

	HSCSD data transfer
	+0.03%
	+0.02%
	+0.01%
	+0.00%
	+0.00%
	-0.00%
	-0.01%
	-0.01%
	-0.01%

	SMS 
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%

	MMS 
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%
	+0.00%


Table 14 Sensitivity of model results to the variation of physical sectors capacity (for example, capacity*(1+x%)

	Service name
	Sensitivity of model results to the variation of physical sectors capacity

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	+4.32%
	+1.53%
	+0.79%
	+0.23%
	+0.00%
	-0.02%
	-0.03%
	-0.03%
	-0.03%

	Call termination
	+3.50%
	+1.24%
	+0.64%
	+0.18%
	+0.00%
	-0.01%
	-0.03%
	-0.03%
	-0.03%

	On-net call
	+3.50%
	+1.24%
	+0.64%
	+0.18%
	+0.00%
	-0.01%
	-0.03%
	-0.03%
	-0.03%

	WAP data transfer
	+4.37%
	+1.52%
	+0.78%
	+0.22%
	+0.00%
	-0.01%
	-0.03%
	-0.03%
	-0.03%

	GPRS data transfer
	+5.54%
	+1.92%
	+0.99%
	+0.29%
	+0.00%
	-0.02%
	-0.03%
	-0.03%
	-0.03%

	EDGE data transfer
	+5.53%
	+1.89%
	+0.97%
	+0.28%
	+0.00%
	-0.02%
	-0.04%
	-0.04%
	-0.04%

	UMTS data transfer
	+2.02%
	+0.57%
	+0.29%
	+0.08%
	+0.00%
	-0.01%
	-0.02%
	-0.02%
	-0.02%

	HSDPA data transfer
	+1.90%
	+0.54%
	+0.28%
	+0.08%
	+0.00%
	-0.01%
	-0.02%
	-0.02%
	-0.02%

	CSD data transfer
	+3.90%
	+1.38%
	+0.71%
	+0.21%
	+0.00%
	-0.02%
	-0.03%
	-0.03%
	-0.03%

	HSCSD data transfer
	+3.96%
	+1.41%
	+0.72%
	+0.21%
	+0.00%
	-0.02%
	-0.03%
	-0.03%
	-0.03%

	SMS 
	+0.39%
	+0.14%
	+0.07%
	+0.02%
	+0.00%
	-0.00%
	-0.00%
	-0.00%
	-0.00%

	MMS 
	+1.24%
	+0.44%
	+0.23%
	+0.07%
	+0.00%
	-0.01%
	-0.01%
	-0.01%
	-0.01%


Table 15. Sensitivity of model results to the variation of sector capacity allowance in BHT (for example., allowance +x%)
	Service name
	Sensitivity of model results to the variation of sector capacity allowance in BHT

	
	-50.00%
	-30.00%
	-20.00%
	-10.00%
	+0.00%
	+10.00%
	+20.00%
	+30.00%
	+50.00%

	Call origination
	-0.51%
	-0.24%
	-0.19%
	-0.06%
	+0.00%
	+0.15%
	+0.21%
	+0.26%
	+0.42%

	Call termination
	-0.40%
	-0.19%
	-0.15%
	-0.05%
	+0.00%
	+0.12%
	+0.17%
	+0.21%
	+0.33%

	On-net call
	-0.40%
	-0.19%
	-0.15%
	-0.05%
	+0.00%
	+0.12%
	+0.17%
	+0.21%
	+0.33%

	WAP data transfer
	-1.07%
	-0.55%
	-0.39%
	-0.17%
	+0.00%
	+0.22%
	+0.39%
	+0.54%
	+0.85%

	GPRS data transfer
	-1.36%
	-0.69%
	-0.50%
	-0.21%
	+0.00%
	+0.28%
	+0.49%
	+0.69%
	+1.08%

	EDGE data transfer
	-1.28%
	-0.64%
	-0.47%
	-0.18%
	+0.00%
	+0.33%
	+0.51%
	+0.68%
	+1.06%

	UMTS data transfer
	-1.46%
	-0.72%
	-0.53%
	-0.19%
	+0.00%
	+0.43%
	+0.62%
	+0.80%
	+1.24%

	HSDPA data transfer
	-1.47%
	-0.74%
	-0.55%
	-0.21%
	+0.00%
	+0.41%
	+0.61%
	+0.80%
	+1.24%

	CSD data transfer
	-0.46%
	-0.21%
	-0.17%
	-0.05%
	+0.00%
	+0.14%
	+0.19%
	+0.23%
	+0.37%

	HSCSD data transfer
	-0.46%
	-0.22%
	-0.17%
	-0.05%
	+0.00%
	+0.14%
	+0.19%
	+0.24%
	+0.38%

	SMS 
	-0.05%
	-0.02%
	-0.02%
	-0.01%
	+0.00%
	+0.01%
	+0.02%
	+0.02%
	+0.04%

	MMS 
	-0.15%
	-0.07%
	-0.05%
	-0.02%
	+0.00%
	+0.05%
	+0.06%
	+0.08%
	+0.12%


3. Increments 
During sensitivity analysis the influence of incoming call traffic to annual network costs was investigated. In the first stage, the annual network costs were calculated with the assumption that predicted incoming call traffic in 2009 is equal to 0. In the second stage, the annual network costs were calculated using predicted incoming call traffic in 2009. In the third stage, the difference between calculated annual network costs was estimated. Finally, estimated difference was divided by predicted incoming call traffic in 2009 and in such way the increment of incoming call was calculated. Calculations are provided below:
16 table. The increment of incoming call

	Parameter
	Value 

	The annual network costs (with the assumption that predicted incoming call traffic in 2009 is equal to 0), Lt
	176,560,923

	The annual network costs (using predicted incoming call traffic in 2009), Lt
	183,158,927

	Increment, Lt
	6,598,004

	Predicted incoming call traffic in 2009, min
	561,602,853

	Incremental cost of service unit, Lt
	0.01


4. Generalization of sensitivity analysis results 

Elasticity methodology was implemented in order to generalize sensitivity analysis results. To this purpose general (to all services) elasticity coefficient was calculated to each parameter identified in this report. General (to all services) elasticity coefficient was calculated according to percent changes of variables:
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Explanations:
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- percentage change of modeling services unit cost (these values are provide in previous tables, analyzed in this report)
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- percentage change of input parameters values (these values are provide in previous tables, analyzed in this report. If the parameters value provided in table is absolute (not percentage change, for example, useful lifetime, table 3), percentage change of input parameter value is calculated.

Elasticity coefficient is calculated in each cell of the tables, analyzed in this report, later on arithmetic average is estimated - general (to all services) elasticity coefficient.
Elasticity coefficient results are provided below. 

Table 17. Generalization of sensitivity analysis results 

	Parameter group 
	Parameter type

	High sensitivity of model results to the parameters (elasticity coefficient >|0,7|)

	
	Network services demand

	
	GRC 

	
	Long-run assets useful lifetime

	
	Equipment price index

	
	Maximal NodeB cell range;

	Average sensitivity of model results to the parameters (elasticity coefficient >|0,2|)

	
	Mark-ups to cover common costs

	
	WACC

	
	Busy hour traffic to average hourly traffic ratio

	Low sensitivity of model results to the parameters (elasticity coefficient <|0,2|)

	
	Unsuccessful call attempts as percentage of successful calls

	
	Routing factors

	
	Sector capacity allowance in BHT

	
	The number of trunks per SS7 link

	
	Sector reuse factor

	
	Physical sector capacity

	
	Sector capacity – HSDPA.
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