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1. Introduction

For this study, the National Infrastructure Simulation and Analysis Center (NISAC) focused the work in telecommunications operations on operations of the wireline voice network. The model of telecommunications operations that NISAC developed is adaptable through changes in parameters to study wireless and data communications; however, NISAC has not yet obtained that information from industry. Operations in the last mile (the connection from the customer premise to the communications service provider) of the internet and wireless infrastructures involve different components with different failure rates and repair resources required and will need to be evaluated separately.

The labor-intensive portions of telecommunications operations are in the repair functions performed by operations center workers and field technicians on critical components in the infrastructure. Operations center workers staff a typically 24-hour monitoring center and perform software-based repair functions. Field technicians are dispatched to sites for physical network failures (such as transport cable cuts and downed lines) to repair or replace components in the network.
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2. Model Overview

NISAC applied a model representing the telecommunications network infrastructure, workers, and component inventory to evaluate implications of workforce reduction on telecommunication system operations and maintenance and, hence, service provision. The model that NISAC developed to explore telecommunications operations consists of 3 primary components: network infrastructure, workers, and warehouse.
2.1 Network Infrastructure 
The network infrastructure portion of the model drives the worker dispatch and repair functions and is shown in Figure 2-1. In a normally operating and maintained network, critical components fail at a particular rate. These failures can only be repaired once they are noticed. The amount of damage in the network determines the workers and material necessary for the repair. The rate of repair of failures is dependent on the type of component and on the state of worker and replacement component resources.

[image: image1.jpg]6“
2
AND se‘




Figure 2-1: Network infrastructure model component
2.2 Workers  
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Workers cannot repair failures in the network until the failures are noticed and the appropriate resources are dispatched. The worker dispatch portion of the model tracks the human resources associated with the repair activity and is shown in Figure 2-2. The model tracks 2 different categories of workers: operations center workers and field technicians. Operations center workers staff the network operations center and monitor equipment. These workers can fix software-related equipment problems—such as resetting a piece of equipment. Operations center workers do not require repair components to be dispatched to solve a problem. Field technicians travel to the physical site of the piece of equipment and repair physical problems by such actions as splicing a cable or replacing a piece of equipment. Both categories of workers arrive on shift and then are dispatched to perform tasks. The rate and length of dispatch is dependent on the amount of damage in the network and, in the case of field technicians, available replacement components. Workers dispatched for extended periods of time become fatigued and their productivity decreases. This portion of the model allows for removal of personnel from the workforce due to pandemic illness.

Figure 2-2: Worker dispatch model component
2.3 Warehouse  
The warehouse portion of the model tracks the availability of repair components from the supplier, as shown in Figure 2-3. Workers are not dispatched for repair tasks if necessary components are not available. In a pandemic scenario, the supply chain may be affected and the availability of components may become an issue. NISAC did not modify the supply of repair components in this phase of the study.
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Figure 2-3: Warehouse and material dispatch model components
The steady state expressed in this model is intended to capture a midsized metro area under normal, nondisaster conditions. This analysis assumes that a single telecommunications company provides wireline voice service in the metro area. This simplifying assumption allows an individual carrier’s operations to be modeled for easier comparison to actual industry operations and data. For the pandemic analysis, use of this simplified model requires the assumption that all carriers in the region will be affected similarly, so that the results scale to any number of carriers in any size region. The values in Table 2-1 represent normal, nondisaster operations for the telecommunications network.

Table 2-1: Baseline model parameters
	Parameter
	Value

	Size of metropolitan area
	6,000,000 subscriber lines

	Size of Central Office (CO) equipment
	3 Long Distance COs: 8 Class 4/5 switches each

25 Local COs: 3 Class 4/5 switches each

	Average field repair time
	Switch: 0.5 hour per line unit

Frame: 0.5 hour per line unit

Transport: 4 hours per cable break

Loop: 0.75 hour per residential repair

	Average travel time between field sites
	2 hours: transport sites

0.75 hour: loop (residential) sites

	Average operations center close time
	15 minutes for CO components
20 minutes for cable components
9 minutes for loop components

	Average operations center close rate
	25% for switch and frame components
10% for cable components
40% for loop components

	Number of field workers per damage report
	1 per switch and loop
2 per frame

4 per transport report (cable break)
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3. Results

Figures 3-1 and 3-2 show the results of the model run using the telecommunications parameters for normal operating conditions (that is, no pandemic). Currently, the model reports the percent of the network that is damaged and not the number of lines out of service. Some future work and industry input is necessary to convert between the two. As shown in the figures, the nominal network damage rate over the course of 1 year is 0.27 percent, with 120 field technicians and 7 operations center workers dispatched at any given time. The model does not include the ability to hire additional workers to make up for those that die in the pandemic.
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Figure 3-1: Normal operating conditions: percent network equipment damaged
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Figure 3-2: Normal operating conditions: number of repair workers 
dispatched by worker type
NISAC used nationwide absenteeism rates from Table 2-1 in the simulation scenarios. The anticipated intervention and fear-based self-isolation scenarios see the highest rates of absenteeism. Southern California rates for fear-based self-isolation showed a higher peak than the nationwide rates and are used and presented here as the worst-case scenario for absenteeism.
Figures 3-3 through 3-8 show the percent of the network damaged and the number of workers dispatched by type. Even in the worst-case scenarios for absenteeism (fear-based self-isolation and anticipated intervention), the number of workers dispatched goes down only slightly and the network settles to a new equilibrium of damage at 0.28 percent. The new equilibrium is due to the loss of part of the workforce either through death or fear. This loss in the workforce is made up for by overtime.
Note: After this supplemental document was completed, the Centers for Disease Control and Prevention (CDC) changed the designations of the TLC and TLC Lite scenarios to Community Management Guidance (CMG) and Community Management Guidance – Selected Elements (CMS-SE), respectively.
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Figure 3-3: Percent network equipment damaged: baseline pandemic, fear-based self-isolation, and idealized targeted layered containment (TLC) scenarios, 
compared to normal operating conditions

[image: image7.emf]Percent Network Damaged

0.4

0.325

0.25

0.175

0.1

0 13 27 40 53

weeks

Normal Operating Conditions Percent


Figure 3-4: Percent network equipment damaged: targeted layered containment (TLC) Lite, antiviral, and anticipated intervention scenarios, 
compared to normal operating conditions
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Figure 3-5: Field technicians dispatched: baseline pandemic, fear-based self-isolation, and idealized targeted layered containment (TLC) scenarios, 
compared to normal operating conditions
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Figure 3-6: Field technicians dispatched: targeted layered containment (TLC) Lite, antiviral, and anticipated intervention scenarios, 
compared to normal operating conditions
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Figure 3-7: Operations center workers dispatched: targeted layered containment (TLC) Lite, antiviral, and anticipated intervention scenarios, 
compared to normal operating conditions
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Figure 3-8: Operations center workers dispatched: targeted layered containment (TLC) Lite, antiviral, anticipated intervention scenarios, 
compared to normal operating conditions
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4. Summary

The operations of wireline voice telecommunications would only be slightly affected by even the worst-case pandemic scenario. In the worst-case scenario for absenteeism (the fear-based self-isolation scenario), there would be a slight increase in the equilibrium damage level in the network. This impact is somewhat artificial because the model does not allow for hiring additional workers to make up for those that do not return after the pandemic has ended. After the pandemic is over, the infrastructure could hire additional workers to bring that level back down to the original nominal level.
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