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PSERN In Building Coverage

Issue: Should in-building radio coverage be added to the scope of the PSERN Project
Background: The Puget Sound Emergency Radio Network (PSERN) is a 2015 voter approved,
levy funded project to replace the existing 25+ year-old radio system at an estimated cost of
$273mil. King County, agreed to act as the lead agency in procuring, designing and
implementing the PSERN system and this effort is the responsibility of the PSERN Project Team.
A Joint Board was created to provide high-level governance of the project and VCC’s Executive
Director represents the mayors of VCC’s owner cities on the Board.
History: Whether to include in-building coverage was a discussion point in early stakeholder
meetings as well as within the Steering Committee, which preceded the Joint Board. In-building
coverage speaks to the ability for first responders to have useable radio signal in commercial
structures to effectively communicate within a building. On 2/28/13, the Steering Committee
decided that the project scope would not include in-building coverage as it was believed the
increased on-street coverage requirement would have enough excess signal to provide
increased in-building coverage (using the building lobby as the target). When the Joint Board
was established in 2015, all decisions made by the Steering Committee were intentionally
affirmed.
In mid-2016, concerns about in-building coverage were raised and the 2013 decision was
questioned. After much discussion, the Joint Board established an In-Building Task Force (IBTF)
with the purpose to:
1. Define a set of in-building coverage requirements and compare with predicted PSERN
coverage maps and data.
2. Identify areas of the county where in-building coverage is a major concern.
3. Determine if predicted PSERN coverage is adequate in these areas based on the
identified requirements.
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The in-building task force team began with the understanding that it is virtually impossible, or
at least cost prohibitive, for a regional radio system to provide high-reliability radio signals
inside all buildings in a service area.
The IBTF preliminary report was provided to the Joint Board at the April 2018 meeting and is
attached. The report included key assumptions, methodology, information on industry
guidelines, and experiences of other regional public safety radio systems. The IBTF concluded
the PSERN system has been designed to high public safety industry standards for radio
communications, however, “The Motorola provided in-building coverage maps show gaps in the
predicted in-building coverage throughout the County. This does not mean that there will not
be coverage in those areas. It shows those areas where in-building coverage will not meet the
same criteria established by PSERN for its outdoor coverage.” The areas of concern include
downtown Seattle, downtown Bellevue, the Kent/Renton Valley, areas of Renton and areas of
Auburn. Federal Way is not a concern as a new site in the city is part of the design.
The IBTF recommended a combined approach of building additional towers (up to 13),
deploying a Distributed Antenna System (DAS) in government-owned buildings, and deploying
vehicular repeaters when necessary, or some variation of this approach. The more sites added
reduces the need for DAS and repeaters, the cost of which is on the building owner and/or
agency.
Financial Impact: The IBTF estimates a range of $18.1M to $23.7M in addition to $1.2M in
operational costs are needed to fully fund the recommended option, the variance due to the
actual number of towers added and locations. The $38M contingency funds may cover a
portion of the costs, however, the Project has begun encumbering contingency funds for other
out-of-scope costs such as additional consoles requested by PSAPs.
In Section 8.2 of the Implementation ILA signed by 11 cities including the 5 VCC Owner Cities, it
specifies should there be insufficient funds to pay the reimbursements and payments at the
end of the Implementation Period, the signing parties shall reimburse the PSERN Project Budget
for all Elective Contract Changes up to the amount of the budget shortfall. The Joint Board has
the authority at time of approval to designate a change as elective or non-elective.
Funding options would need to be identified and could include using existing system
replacement reserve funds, partner contributions, removing scope from the plan, use of
continency and/or undesignated funds or new taxes.
Schedule Impact: If additional towers are added, it will introduce a delay in the schedule,
currently scheduled for substantial completion in May 2021. The amount of time depends on
many factors including the number of towers added, leasing, determining funding sources and
if the additional towers are part of go-live or phased in later.
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Political Impact: Joint Board action requires a unanimous vote of the four members and
Seattle has stated they will vote to add in-building coverage to the scope. In addition to
downtown Seattle, downtown Bellevue and areas of Renton and Kent are identified as having
potential in-building coverage gaps; specifically, the commercial buildings in Renton south of
Lake Washington (Boeing and The Landing) the industrial areas of the Kent/Renton Valley and
Auburn.
The first responders involved in the IBTF agree that in-building should be added. If the Joint
Board decides to not increase the scope, there may be a vocal lack of support introducing doubt
the radio system is adequate for their needs. Even if the Joint Board authorizes this change of
scope, the expectations of first responders will need to be carefully managed. While more
towers will increase the probability of in-building coverage and privately-owned amplifier
systems may still be necessary, it is unlikely there will be complete in-building coverage.
Discussion: The Joint Board will be asked to decide on adding in-building to the scope of the
project, likely at the August 2019 meeting. The Joint Board could consider alternatives to the
recommendation, such as, adding 1-3 towers in phases and reviewing the need for additional
after implementation or to evaluate the need to add any towers until after Motorola delivers
the contracted system and coverage levels. As Valley Com represents the Admin Board mayors
on the Board, I will be seeking their direction.
Action: The Operations Board is asked to provide input which will be shared with the Admin
Board for consideration of this issue.
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1 Executive Summary
This report summarizes the results of the In-Building Task Force’s (IBTF) work on inbuilding coverage in King County. The IBTF identified areas in King County that are major
concern for in-building coverage and determined if in-building coverage from the new
Puget Sound Emergency Radio Network (PSERN) is predicted to be sufficient in those
areas. Geographic analysis, Radio Frequency Analysis, and Financial Analysis were
conducted to produce strategic options to be considered for addressing in-building
coverage.

1.1 Expectation for In-building Coverage

As the new PSERN radio system will be significantly different from the existing radio
system, both technically and geographically, the coverage will be different. The new
PSERN radio system will certainly improve the reliability of overall on-street coverage
throughout the county, however some areas may experience reduced in-building
coverage reliability. The in-building task force team began with the understanding that it
is virtually impossible, or at least cost prohibitive, for a regional radio system to provide
high-reliability radio signals inside all buildings in a service area.
With this understanding, the IBTF determined that the minimum expectation is for overall
in-building coverage from the new PSERN radio system to be equal to, or better than, the
in-building coverage users experience today. Although any one particular location may
not necessarily have better coverage when subjectively compared with the existing
system. Section 5.2 discusses the process for testing in-building coverage.
Additionally, the IBTF desires to have overall improved in-building coverage that exceeds
the current 800 MHz radio user experience today. PSERN predictive coverage modeling
from Motorola should depict in-building penetration levels to ensure that major
metropolitan areas with high density development and structures receive adequate signal
levels where first responders operate inside of buildings on a regular basis.

1.2 Process Summary

The IBTF researched several geographical information systems (GIS) data sets to identify
areas of the county where dense commercial development and/or dense building
materials may make in-building radio coverage particularly challenging. It was clear that
multiple categories needed to be identified to adequately define the type of buildings
and/or development in an area. Three categories- High, Medium, and Low-Density - were
defined based on the type of development and the type of buildings in that area. Areas
throughout King County that were identified as potential concerns were then assigned to
one of these three categories.
Much like light from a distant source, radio signals are attenuated, or diminished, as they
travel away from the radio tower site. Unlike light sources, radio signals have the ability

PSERN – Analysis of in-building radio coverage requirements

1

to penetrate through most construction materials with varying levels of attenuation.
Different types of building construction materials have different attenuation values
through interior and exterior walls. As buildings in some areas are packed closely
together, the attenuation due to one building will affect the building next to it. This
attenuation can be modelled in radio system design by adding a predefined margin to the
minimum radio signal level requirement. This margin is known as the in-building
penetration loss value and is dependent on the density of buildings in an area, the type of
construction of the buildings, and the size of the buildings. Large steel structures in highdense commercial development areas will necessitate a larger building penetration loss
value than small wooden structures in low-density commercial areas.
The IBTF researched several technical documents and industry standards to determine
values for in-building penetration loss that should be attributed to the three development
categories. Values were assigned to each category to best characterize the various areas,
construction types, and sizes of buildings.

Figure 1: Signal Attenuation in Structures

1.3 Results and Recommendations

The commercial development categories and penetration loss values were compared with
predicted PSERN radio system coverage maps to determine if future in-building coverage
will provide the IBTF desired margins for in-building coverage. The areas where predicted
signal levels were below the desired levels were targeted for further analysis to
determine what solutions could be applied to the areas to improve the in-building
coverage. The IBTF reviewed multiple solutions and evaluated them based on
operational, technical, and financial implications for King County.

The IBTF recommends a three-layered approach for addressing in-building coverage
concerns in King County. The first layer is to address in-building coverage in high and
medium density areas with additional radio tower sites. A second layer of coverage will
bring the exterior PSERN radio system coverage inside of buildings with distributed
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antenna systems (DAS) to provide high reliable coverage in newly constructed buildings
where coverage is challenging and potentially retrofit into existing critical facilities that
require a high-level of coverage reliability. Vehicular repeaters can provide a third layer
of in-building coverage for sustained incidents where coverage is challenging. The
recommended solution and alternative solutions are detailed in section 6. A summary of
the recommendation and alternative solutions is provided in the table below.

Approach

Estimated
Capital
Investments

Recommended Option:
Hybrid
13 New Radio Towers
2 DAS/BDA
16 vehicular repeaters

Estimated
Annual
Operational
Costs

$23.3M
$150K
$224K

$1.2M
$1K
$8K

Total
Option B: New Towers
Only
21 New Radio Towers
0 DAS/BDA
0 vehicular repeaters

$23.7M

$1.2M

$37.7M
$0
$0

$1.9M
$0
$0

Total

$37.7M

$1.9M

$3.6M
$6.3M
$1.1M

$182K
$14K
$38K

$10.9M

$1.2M

$0
$22.8M
$0

$0
$26K
$0

$22.8M

$26K

Option C: Hybrid
2 New Radio Towers
28 DAS/BDA
76 vehicular repeaters
Total

Option D: DAS Only
0 New Radio Towers
52 DAS/BDA
0 vehicular repeaters
Total
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Pros

Cons

Cost effective
solution.
Technically
balanced approach
Minimal impact on
operations

Towers may still not
provide full coverage in
buildings
Does not provide
additional towers in
low-density areas

Provides added
highly reliable
PSERN radio
coverage in
buildings
throughout most
developed areas of
the county
Minimal impact on
operations
Low cost solution
Provides added
highly reliable
PSERN radio
coverage in highest
density areas of the
county

Expensive solution with
lots of risk to existing
PSERN network design.
Towers may still not
provide full coverage in
buildings

Provides good
coverage
throughout
buildings with DAS
systems installed
Below grade levels
covered.
Low initial capital
investment.
Little impact to
operations.

New radio sites only in
downtown areas of
Bellevue and Seattle.
Major impact on
operations with
deployment of multiple
vehicular repeaters
Towers may still not
provide full coverage in
buildings
Existing buildings
difficult to target for
DAS system, and will
require retrofit which is
expensive.
Government agencies
will need to retrofit
BDAs in critical buildings
that do not have
desired level of inbuilding coverage.
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Option E: Vehicular
Repeaters Only
0 New Radio Towers
0 DAS/BDA
3000 vehicular repeaters

$0
$0
$42M

$0
$0
$1.5M

Total

$42M

$1.5M

Portability
Provides good
communications
during a sustained
incident

Risk for adverse
interference from
excessive number of
BDAs in the area.
Operationally complex
Requires user training
Expensive when
deployed for each
emergency response
vehicle in the county.
Capacity limited to a
single talk path per unit.

Figure 2: Summary of Recommended Solutions

2 Introduction
2.1 Problem Statement (need for in-building coverage)

In 2013 the PSERN Steering Committee determined that the future radio system will
provide a general level of coverage throughout King County. The Steering Committee
also determined that no in-building coverage should be included in the request for
proposal (RFP).

Since that time, stakeholders in the PSERN radio project have expressed concerns that the
level of in-building coverage provided throughout the county is not sufficient to provide
communications in the main operating environments of dense urban areas where many
large buildings are constructed with dense materials and are packed closely together and
often have occupied levels below grade. Stakeholders were concerned about in-building
coverage and spent time discussing the topic in the Operations Board and Technical
Committee settings. After much deliberation, the Joint Board formed a task force to
analyze the in-building concerns in commercially developed areas of the county.

2.2 Creation of In-Building Task Force

The PSERN Joint Board approved the formation of the In-Building Task Force (IBTF) to
study radio coverage reception inside of buildings with the new PSERN radio system. The
task force consists of members of the operational and technical disciplines already
participating in other committees dedicated to assist in the smooth transition of the
PSERN regional radio system implementation project.
The Task Force consists of representatives from different agencies and stakeholders in the
PSERN radio project. Technical and operational representatives from King County, City of
Seattle, EPSCA, NORCOM, ValleyCom as well as other agencies were identified to support
the task force. A complete list of members of the Task Force is included in Appendix H.

2.3 Purpose

The three main goals of the In-building Task Force (IBTF) are as follows:
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1. Define a set of in-building coverage requirements and compare with predicted PSERN
coverage maps and data.
2. Identify areas of the county where in-building coverage is a major concern.
3. Determine if predicted PSERN coverage is adequate in these areas based on the identified
requirements.

Key Assumptions:
The IBTF began the process of evaluating in-building coverage for King County with
several key assumptions. The group was made up of a variety of personnel with varying
knowledge areas. As such, the following key assumptions were intended to provide a
baseline for the IBTF to begin the analysis and clearly identify the known state of inbuilding coverage as currently designed.
•
•
•
•
•
•
•

PSERN system is designed to high public safety standard and will provide high reliability
portable radio coverage on-street throughout the county, and within each incorporated city.
Existing PSERN design will provide some level of in-building coverage throughout the county
without any modifications.
In-building coverage should not be expected in 100% of each building.
In-building coverage should not be expected in 100% of each area.
The IBTF is primarily concerned with in-building coverage in densely developed areas and
where building construction materials cause excessive attenuation.
Residential areas are not a major concern for in-building coverage.
Below grade areas should not be expected to be covered from the external radio network.

3 Methodology

The IBTF began a process of defining in-building coverage requirements for the King
County emergency responder service area(s) and expectation of the constituent agencies
independently of the planned PSERN coverage. It is understood that the new system will
provide some level of in-building coverage and an analysis needed to be done to
determine if there is a gap between requirements/expectation and the planned inbuilding coverage. To conduct this analysis four items needed to be defined by the IBTF.
1) Expectations of agencies
2) Requirements for in-building coverage
3) Review of planned PSERN coverage
4) Gap analysis
IBTF desired to reference industry standards as much as possible, and to determine how
other recently deployed radio systems of similar complexity addressed in-building
coverage. After the initial research it became evident that there is no single industry
standard that provides detailed in-building requirements. None of the non-vendor
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resources seem to define or recommend actual in-building requirements from a PSERN
radio network. Motorola provided their own criteria for in-building coverage however,
this was not verifiable with any particular industry resource or standard.
The Task Force determined that in-building coverage requirement criteria must be
established for the IBTF to begin coverage analysis and define the methodology. Initial
baseline building penetration loss values were selected from the National Fire
Administration Guide (National Fire Administration 2008, pg. 47) be used as the baseline
criteria for in-building analysis since this was from a respected industry leader that
advocates for public safety communications. Additional criteria for portable radio
coverage was taken from the PSERN radio system design to ensure operational and
technical consistency.

3.1 Delivered Audio Quality (DAQ) and Decibels (dB)
Before delving into the IBTF methodology for identifying in-building coverage challenges,
it is necessary to review some basic technical concepts regarding radio signal levels and
signal quality. These concepts are referred to throughout this document and as such,
deserve a brief discussion to ensure a common understanding.
Typical on-street received signal strength (RSS) levels land-mobile radio (LMR) systems
are in the -60 dBm to -100 dBm range. RSS is a measurement of the power level being
received by an antenna and is typically expressed in units known as decibels. The decibel
(dB) is a relative unit that expresses power as ratio to a reference. In the instance of RSS,
absolute values are referenced to one milliwatt and abbreviated (dBm). As such, a
measurement above one milliwatt will be a positive number while a measurement below
one milliwatt will be a negative number. The higher the RSS reading the stronger the
signal would be. For example, an RSS signal reading of -95 dBm would be much higher
signal than a reading of -105 dBm since it is less negative and therefore larger.
Additionally, the decibel scale is logarithmic in nature, so an increase of 10 dB represents
a factor of 10 and an increase of 3 dB represents a factor of 2.
Coverage design targets can vary, but the industry design standard for public safety digital
radio coverage is a Delivered Audio Quality (DAQ) value of 3.4 or better. Regardless of
actual signal level, the subjective quality of the audio to a human listener becomes a
better metric to gauge the usability. To aid in this process, a subjective signal quality
rating system known as Delivered Audio Quality was developed. The table below
summarizes DAQ values with their subjective definitions and rankings.

•

DAQ

•

DEFINITION

•

1

•

Unusable. Speech present but not understandable.
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•

2

•

•

3

•

•

3.4

•

•

4

•

Speech understandable with considerable effort. Requires frequent
repetition due to noise or distortion.
Speech understandable with slight effort. Requires occasional repetition
due to noise or distortion.
Speech understandable without repetition. Some noise or distortion
present.
Speech easily understandable. Little noise or distortion.

•

4.5

•

Speed easily understandable. Rare noise or distortion.

•

5

•

Perfect. No distortion or noise discernible.

Figure 3: Delivered Audio Quality (DAQ) Scale and Definitions

3.2 TIA Guidelines for In-Building Radio Coverage

The Telecommunications Industry Association (TIA) Department of Technology and
Standards Department, publishes a Technical Support Bulletin (TSB) entitled “Wireless
Communications Systems Performance in Noise and Interference-Limited Situations”.
This industry standard, TSB 88, is organized into three separate parts. Each part dealing
with a unique aspect of designing and testing industry standard wireless communications
systems.
Part 1 of TSB 88 provides recommendations for defining in-building losses and how to
account for them during the design process. While this section provides some valuable
design guidelines, it does not provide recommendations for actual penetration losses to
be used. The following tables are provided to show the mean building penetration loss as
a function of frequency, along with the standard deviation.
Part 2 of TSB 88 provides recommendations for defining in-building losses and how to
account for them during the design process (TSB-88.2-D). While this section provides
some valuable design guidelines, it does not provide recommendations for actual
penetration losses to be used for specific building types. The following tables show the
mean building penetration loss as a function of frequency, along with the standard
deviation. At 800 MHz the generalized median building penetration loss is approximately
14.5 dB across all building types. The standard deviation for 800 MHz is close to 7.8 dB,
indicating that the majority of the data points are in the range of 6.7 dB to 22.3 dB. The
extreme variability of generalized penetration losses leads to the conclusion that a single
building penetration loss value is not useful for design purposes.
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Figure 4: Building Penetration Loss and Standard Deviation as reported by TSB-88.2-D (pg. 85)
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The following chart emphasizes the variability of building penetration losses from
different types of building in suburban Chicago (Davidson and Casey, 165).

Figure 5: Standard Deviation of In-building Penetration Loss by Floor.

Part 3 of TSB 88 provides guidelines for defining and evaluating in-building coverage
performance (TSB-88.3-D, 23-27). According to TSB 88 there are three ways to define
and test in-building coverage, however one of the methods is not recommended so it is
not addressed here. Two of the methods were considered by the IBTF.
1) Defined penetration loss (TSB-88.3-D, 24)
Define a building loss for a particular type of building. A table of loss values should be
defined prior to system design, then this value can be added as an additional margin to
the channel performance criteria to account for the additional losses. TSB 88 notes that
building penetration losses can vary widely, and that these values should be field verified
before determining a value. This methodology provides some level of confidence that inbuilding communications may be achieved if the design criteria is met. The IBTF agreed
with this recommended methodology.
2) Individual building tests (TSB-88.3-D, 25)
In this case, individual buildings are identified for testing in-building coverage. This
method provides the highest level of confidence but can be extremely labor intensive due
to the sheer number of buildings that would need to be identified and tested.
Additionally, designing a system with individual buildings is difficult since the system
designer needs to account for the worst-case scenario building penetration loss to ensure
sufficient signal into each building.

3.3 US Fire Administration/FEMA Guidelines for In-building Radio Coverage

The U.S. Fire Administration and FEMA published a guideline in 2008 (that provides
operational and functional details of voice radio communications for the fire service. The
guideline is very detailed and thorough and includes a section on public safety radio
system design. The guideline states that radio systems should be designed to provide in-
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building coverage, then goes on to describe a similar process to TSB 88 for categorizing
areas within the service area by the building types and assigning an attenuation value
according to the density of the buildings. Additionally, sample technical requirements are
provided, including the specific values for “high density”, “medium density”, and
“residential” with definitions of each category. This information was reviewed by the
IBTF and used as the baseline for the technical requirements for the in-building coverage
analysis.
The 2016 version of the guideline was less technical and did not provide the sample radio
system design parameters. The guideline notes that areas with the greatest in-building
penetration demand should have a higher number of radio sites than areas with lesser
penetration demand. Additionally, the report addresses the difficulty in defining inbuilding penetration values:
Interior radio system coverage is dependent on the ability of the system designer to
estimate the signal loss accurately for each building type. During testing performed
by NIST, building losses as high as 50 dB were found in a 14-story apartment building.
For reference, a 50-dB loss equals 1/100,000th of the transmitted signal. The actual
RF losses encountered are often much higher than the standard recommendations
that system manufacturers use. This can result in marginal in-building
communications in many structures.

3.4 Other Regional Public Safety Radio Systems

The IBTF was tasked with researching other regional public safety radio systems around
the state and country to determine how others might be handling the same situation and
determine if there’s a de facto industry standard that radio system designers are using for
determining in-building requirements. The information is summarized in a matrix in
Appendix F.
The research indicates that there is no single standard amongst public safety radio
systems for addressing in-building coverage. Each radio system specification (contract,
RFP, etc.) is as unique as the agencies that are deploying the systems. Typically, radio
systems deployed to cover major metropolitan areas include a requirement for inbuilding coverage in their design. Rural radio systems tend to either not require it or
include minimal requirements.
Strategies for providing in-building coverage include creating a bounded area within the
larger service area where additional coverage margins are to be added for in-building
penetration. Depending on the geography and demographics there may be multiple
levels of in-building coverage categorized. These areas are defined in the criteria of the
RFP or contract and tied to a Coverage Acceptance Test procedure.
Another strategy is to provide a list of specific buildings that need to have in-building
coverage. This ensures that buildings such as hospitals, or other critical structures have
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sufficient coverage inside of the building itself, as opposed to providing a margin based
on coverage outside of the building.
As an example, Houston, TX included three separate levels of in-building coverage in their
RFP. Residential Structures, Medium-Heavy Structures, and Downtown area.
Additionally, they provided a list of 147 buildings to be included in the testing to
determine if additional measures needed to be taken for in-building coverage in these
areas. Houston being a major metropolitan area (Population 2.3M), it makes sense that
in-building coverage would be the main concern for their first responders.
As another example, Pierce County, WA did not include any requirement for in-building
coverage in their regional radio system design. Pierce County and Pierce Transit co-own a
county-wide radio system that is intended to provide coverage to the entire county for
mobiles and on-street portables. The cities of Tacoma and Puyallup are on a separate
radio system that provides the radio coverage density required in the urban areas.
Therefore, it makes sense that the in-building requirement for Pierce County would not
necessarily be a major concern as the users are either confined to major roads (transit) or
area spread across vast suburban and rural areas of the county (Sheriff’s Office).

3.5 Baseline In-building Coverage Requirements

In an effort to define and validate the gap analysis methodology, baseline requirements
for in-building coverage were defined early in the process. In-building penetration loss
values were selected and agreed upon by the IBTF. This initial step was necessary for the
analysis to proceed. It was noted that determining these values this early in the process
may commit us to using values that are not optimal. As multiple iterations of in-building
coverage analysis would take much more time and effort, it was agreed that these values
are suitable for the purposes of this analysis. The IBTF defined a receiver configuration
and building loss values to be building penetration criteria based on the existing PSERN
design criteria.
Portable Receiver Configuration (TSB-88.1-D, pg. 75,148-151)
• Portable radio (Motorola APX)
• On-hip w/ swivel case
• Non-public safety speaker mic
• Round trip (i.e.- worst case scenario for uplink and downlink paths)
• Delivered Audio Quality (DAQ) 3.4
• 97% Coverage Reliability (or equivalent contour reliability)
• Half-wave whip antenna (0 dBd nominal)

Building Area
Category

Additive
Building Loss
Values

Low density

12 dB

PSERN – Analysis of in-building radio coverage requirements

11

Building Area
Category

Additive
Building Loss
Values

Medium density

17 dB

High density

23 dB

Figure 6: Baseline building penetration loss values

In-building penetration loss values were based on information provided by U.S. Fire
Administration’s Guideline for Radio Communications (U.S. Fire Administration, pgs. 4457). For areas of the county that the IBTF designates as High, Medium, or Low-density
development, the radio system should provide a median on-street coverage level outside
of building structures sufficient for a typical portable receiver as described above to have
round trip two-way communications (uplink and downlink) inside the first-floor lobby of
the building.
Residential:
Areas that are considered mostly residential were not considered for analysis of inbuilding coverage. The IBTF believes that the current PSERN designed on-street portable
coverage in these areas will be sufficient for day-to-day operations, and typically inbuilding coverage is not a major challenge in these areas.
Low Density Development Areas:
Areas with a significant amount (>100 buildings) of small commercial/retail, or mixed-use
buildings (Less than 30' high, less than 100K sq. ft.). Light industrial, medical offices, etc.
Medium Density Development Areas:
Large commercial or industrial areas with a significant amount of commercial buildings (>
100 buildings), and at least fifteen percent medium sized buildings (30-75' high, 100K250K sq. ft.). Shopping malls, storage facilities, factories, hotels, offices, colleges,
campuses, etc.
High Density Development Areas:
Major commercial districts with significant amount of commercial buildings (>100
buildings) and at least fifteen percent large (>250K sq. ft.) or high-rise buildings (defined
by International Fire Code, section 202). Steel frame buildings, reinforced concrete
buildings, large hospitals, large factories, warehouses, major hotels etc.

3.6 Geographical Information Systems (GIS) Data

United States Geological Survey (USGS) Land Use/Land Class (LULC) data was used as the
baseline for characterizing areas of the county. The known areas of dense commercial
development were clearly identifiable on the map. Unfortunately, this data set
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compresses developed areas into a small number of categories. This compression effect
made sole use of this data problematic for radio system design decisions unless added
data granularity on development were available to the IBTF. The process for
characterizing areas of the county was refined with construction class data from the King
County Assessor’s Office, and King County Land Use data.
2010 US Census (Estimated for 2015) population density maps were compared with the
same information. It was determined that population density was highest in highly
residential areas, and the data did not correlate with the known areas of high density
commercial development in the county. As such, the population density information was
only used as a verification of the defined areas and not included in defining boundaries
for the analysis areas.
The IBTF created multiple map layers based on the data sets below, and then
independently reviewed and compared with the analysis areas. The map layers were
plotted using an online mapping application and shared with the IBTF for review and
comment. Samples of the maps are included in Appendix B.
1) USGS – 2011 Land Use/Land Cover
To begin the analysis, the latest version of Land Use Land Cover (LULC) data
was acquired from the US Geological Survey web portal for King County. The
data set is very detailed for non-urban areas and provided much more
granularity for rural and suburban areas than what was practical for this
analysis. The data was trimmed down to include only the three major
development areas of the county: High Density Development, Medium Density
Development, and Low-Density Development. Other designations such as
forested, farmland, water, etc. were taken out of the data set to reduce the
file size and streamline the process. This data represents the usage of the
areas within King County as assessed by USGS as of 2011. The data was
brought into the GIS mapping application and reviewed by the IBTF. This data
identified areas within the county where in-building radio communications
would be expected to be the most challenging, though the data tended to
group all highly developed areas of the county into a single land use class. As
an example, this data showed that downtown Woodinville had the same level
of development as downtown Bellevue. Because of this effect, the IBTF was
concerned that this was not sufficiently granular highly developed areas.
Additionally, there was some concerns that there was some level of
uncertainty due the data set being from 2011.
2) King County Assessor’s Office - Construction Class
The IBTF researched information regarding the types of construction within
the county. Different agencies and jurisdictions within King County maintain
this type of data for different purposes, however it was not consistent across
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the county. The King County Assessor’s office maintains abundant information
regarding commercial properties throughout the county. A data set was
downloaded from the King County Assessor’s web page that included the
construction class of all commercial buildings within King County. This
information was brought into the mapping application and compared with the
USGS dataset. The recent data was consistent across the county and lined up
well with the USGS data. IBTF was able to consider not only the land use but
also the potential for radio signals to be blocked by buildings in different areas
of the county. The IBTF noted that this information did not necessarily
indicate where the development is planned to be in the future, but only where
high-density buildings are currently.
3) King County GIS data – Zoning and Land Use Data
Zoning data for different jurisdictions was reviewed using various sources and
applications. Each jurisdiction seemed to have their own designations for
zoning that may be similar, but slightly different from every other jurisdiction.
This made the analysis of consistent zoning data difficult across the county.
King County Geographical Information Systems (GIS) portal maintains
consolidated zoning and land use data for all of King County. The complete
zoning map contained upwards of 400 different zoning categories which
proved to be difficult to apply a single defined set of data across the county.
KC GIS maintains a modified version of zoning data that is aggregated into
twenty categories county-wide. This data set was reviewed and determined to
be useful for the analysis. KC GIS maintains a similar aggregated data set for
county-wide land use. The consolidated KC Land Use and consolidated Zoning
data sets were compared with each other, and it was determined that the
information was relatively similar. As such, only the KC Land Use data was
brought into the web application to include in the analysis. The data showed
additional areas the county has allocated for future development potential in
the next ten to twenty years (see section regarding future development
below).
In addition to the data listed above the IBTF considered many other data sets. These
datasets proved useful for the analysis but were ultimately not included in the coverage
analysis process. IBTF considered the Urban Growth Area (UGA) boundary for the
analysis. The boundary was reviewed and compared with the King County consolidated
land use data. The boundary clearly identified the same areas that were already included
in the land use data, so the UGA boundary was not included in the final process even
though it was analyzed separately. Some data was analyzed and determined to be
homogeneously distributed throughout the county. When reviewing critical buildings
such as fire stations, police stations, hospitals, and schools it was determined that the
points were evenly distributed throughout the county by design. This does not align with
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the intent of the IBTF of identifying areas of the county where in-building coverage will be
of concern due to the sheer density of development and building construction.
Seattle Fire Department provided useful information regarding building construction as
categorized by the fire type. This information was reviewed and analyzed, however it was
not readily available countywide, and therefore was not included in the final analysis.
The King County Assessor’s construction class data provided similar information and was
available countywide. Therefore, only the Assessor’s data was brought into the analysis.
A table of data that was reviewed but not included in the analysis is provided in Appendix
G. Since the datasets were not included in the analysis, the showings are not consistent
and are only provided to demonstrate the variability of the data considered for the
analyses. When defining the analysis areas, the IBTF applied the GIS data using the
following priority:
Priority
1
2
3
4
5

Data Source
USGS Data
KC Land Use
Construction Class
IBTF Building Data
IBTF review and applications of local
technical and operational knowledge.

Figure 7: Priorities of GIS data used in analysis

3.7 Individual Buildings

In addition to the GIS data analyzed above, representatives on the Task Force provided
information from their constituent agencies regarding specific buildings in their
respective areas. NORCOM, ValleyCom, and City of Seattle provided information for the
Law Enforcement and Fire agencies in the county. This building data included specific
addresses for buildings that may be of concern for agencies due to one of the following
reasons:
•

•

Hot Spots (areas with a high number of calls for service): These area specific buildings where
calls for service are significant. It is understood that these areas may be of concern for
agencies. The set of buildings included in the analysis represented approximately 10% of
the total calls for service for each representative agency (NORCOM, ValleyCom, Seattle).
Hard to Hit Areas (areas of poor coverage experience with the present radio system): These
are specific buildings in the county that are currently known to have poor in-building
coverage with the existing radio system. Upon examination of this data set, and feedback
from the IBTF, it was determined that this is not necessarily relevant to the future inbuilding coverage analysis because the architecture of the PSERN systems is so different
from the present regional radio system. The coverage from the future system will
definitively be different from the existing coverage. The data was reviewed and considered,
but ultimately not included in the in-building coverage analysis.
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•

Critical Areas: These area specific buildings that are considered critical for agency
operations. These building included police stations, fire stations, schools, and other major
facilities. Again, these areas were not necessarily indicative of the areas that the IBTF felt
needed to be targeted for additional in-building coverage. It is notable that when these
locations are mapped, because of their quantity and locations, they identify that essentially
all of western King County requires in-building coverage. The data was reviewed and
considered, but ultimately not included in the in-building coverage analysis.

Addresses for the buildings identified above were used to create a GIS data set of
buildings on the online mapping tool and compared with the analysis area boundaries. It
was not expected that every single building in this dataset be provided with in-building
coverage since this would not be practical. The building data was compared against the
development density of particular areas of the county. Some of these buildings could be
identified for post implementation in-building coverage testing, possibly for informational
purposes only. For example, if the buildings identified as “critical area” are indeed critical
to the operations of an agency, then the building could be tested for interior coverage so
that agencies will get an understanding of the level of coverage inside the building.
Critical areas that lack coverage could be targeted for other means of in-building coverage
such as distributed antenna system (DAS). See Appendix E for maps of individual
buildings.

3.8 Future Growth Areas

IBTF did not conduct independent research on future growth areas of the county. It was
important to verify that the information being used for the analysis was commensurate
with projected future growth and development in King County. The urban growth
boundaries were reviewed to verify the limits on future growth. The Urban Growth Area
as defined by King County (King County, pg. 1-28) is in-line with King County Zoning and
Land Use data which was included in the analysis. It is understood that zoning
designations follow the urban growth boundary and can be used to predict where growth
will happen over the next twenty years.
A review of the Growth Targets indicates that the majority of the growth in King County
will be in the Seattle and Bellevue metropolitan areas, and the core suburban cities.
Approximately 85% of the job growth, 78% of the housing growth, and 74% of the
population growth will be limited to these areas over the next thirteen years (King
County, pg. D9-D15). The following table lists those cities that are determined to be
Growth Targets.
Metropolitan Cities
Bellevue
Seattle
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Core Cities
Auburn
Bothell
Burien
Federal Way
Kent
Kirkland
Redmond
Renton
SeaTac
Tukwila
Figure 8: List of Metropolitan Cities and Core Cities as defined by King County

4 Results and Analysis
4.1 PSERN Coverage Analysis

Coverage maps were provided by Motorola showing where future PSERN in-building
coverage is predicted to be available based on the present system design. These maps
showed three different baseline in-building attenuation values added as selected by the
IBTF and outlined in the baseline criteria. PSERN coverage has been designed to high
public safety industry standards for radio communications. Including:
•
•
•
•

97% coverage of the county service area
97% reliability
Delivered Audio Quality of 3.4
Portable on-hip configuration (added loss for body attenuation)

The Motorola provided in-building coverage maps show gaps in the predicted in-building
coverage throughout the county. This does not mean that there will not be coverage in
those areas. It shows those areas where in-building coverage will not meet the same
criteria established by PSERN for its outdoor coverage. This coverage map predicts the
signal level required for 97% reliability of coverage at the exterior ground-level of
buildings with additional in-building penetration and body loss margins applied. In other
words, a user standing outside of a building has a 97% chance of measuring a radio signal
level sufficient enough to account for a radio worn on-hip inside of a typical building in
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that location. Each building is unique in its size, construction, orientation, and internal
spaces. Building penetration loss will vary drastically from building to building in a given
vicinity. In-building coverage maps do not predict the reliability of radio signals inside of
specific buildings themselves. They predict where there is enough excess signal present
in an area to create a probability of reliable coverage within a building (measured at the
exterior wall of a building).

Figure 9: Radio Signal Loss Factors
An analysis of the three Motorola provided in-building coverage maps was performed to
identify areas of the county that could be addressed with different levels of excess inbuilding signal. These coverage maps were brought into the online mapping tool to use in
analyzing potential in-building coverage gaps and are provided in Appendix A.
The 12 dB in-building coverage map depicts areas of the county where the current PSERN
design is predicted to have an excess of at least 12 dB above the minimum required
receive signal. This margin is anticipated to be large enough to provide in-building
coverage in low density development areas of the county. As can be seen from the map,
this coverage mimics the PSERN on-street portable coverage, however is quite a bit
smaller in area. There is less coverage shown on the mountain passes, and in the eastern
part of the county.
The 17 dB in-building coverage map depicts areas of the county where the current PSERN
design is predicted to have an excess of at least 17 dB above the minimum required
receive signal. This margin is expected to be sufficient enough for medium density
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development areas. This map shows an area much smaller than the 12-dB map with
major in-building coverage gaps showing up between sites.
The 23 dB in-building coverage map depicts areas of the county where the current PSERN
design is predicted to have an excess of at least 23 dB above the minimum required
receive signal. This margin is expected to be sufficient enough for high density
development areas. The 23-dB coverage is much smaller than the other two maps, with
small coverage areas clustered around each of the serving sites.

4.2 Gap Analysis

A gap analysis was completed to determine if gaps identified in the coverage analysis
overlapped with areas where IBTF identified in-building coverage concerns. Bounded
areas were defined by the IBTF as outlined above. Each bounded area was assigned a
category of High, Medium, or Low-density development and a corresponding building
penetration loss assigned to it.

These bounded areas were compared with the MSI provided coverage maps to determine
the percentage of coverage within each bounded area. The figure below depicts one of
the bounded areas. The hashed area is the bounded area defined as “Bothell East”. The
area inside of the Bothell East polygon was calculated, then the area inside the polygon
covered by the purple shades was calculated to get a percentage of area covered for
each. As can be seen, this area had 100% coverage of the 12 and 17 dB coverage maps,
and only 25% coverage from the 23-dB coverage map. The same analysis was completed
for each of the bounded analysis areas. A summary of the analysis is provided in
Appendix D. After this initial gap analysis was completed, the IBTF revised the area
categories based on information from the King County Assessor’s office. This information
was used to refine the definitions of the categories and update the area designations. The
areas that were targeted for coverage enhancements in this analysis were left in the
analysis. This allowed the IBTF to continue with the cost analysis.
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Figure 10: Gap analysis example

5 Alternative Solutions

The in-building coverage deficiencies noted in the report can be addressed by multiple
solutions and approaches based upon current wireless technology. Costs for potential
solutions were analyzed to estimate capital investments and operational costs associated
with addressing in-building coverage. The impact of these costs was not calculated with
regard to increased per-subscriber costs were not considered as part of the financial
analysis. Nonetheless, the increase to costs for subscribers is a major concern for some
PSERN users and should be considered when determining the best solution for in-building
coverage in King County.

5.1 Do Nothing Approach

Typically, in an analysis with alternative solutions a do-nothing approach is evaluated as a
baseline to determine what would happen if nothing was done to address the issue at
hand. In this case, the IBTF was formed to research alternatives for addressing in-building
coverage. As such, the IBTF did not consider any approach that didn’t improve in-building
coverage. The consequences for doing nothing are assumed to be fully understood at the
onset of this project and are to be addressed outside of this report.

5.2 New Radio Tower Sites

The most expansive method to address in-building coverage in a targeted urban area is
the development of a permanent radio tower site. A radio tower site consists of
antennas mounted in a high location with good line-of-site visibility to the target area.
This can be a communications tower, or a building in an urban area. Additionally, a
communications shelter is required to house the electronic equipment. The goal is to find
a suitable location from which additional signal energy can be added to the on-street
coverage.
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Figure 11: Radio tower site coverage of multiple building in an urban environment.

Pros:
•

•
•
•

Radio tower site located in an urban area can provide strong coverage to many buildings.
Depending on the location of the site and density of the development of the area, a radio
site is a very efficient and effective way of providing some level of coverage inside of
surrounding buildings.
Radio tower sites provide permanent coverage. In the event of an incident, there is no need
for responders to worry about setting anything up. The coverage will be available when
they get onsite and will not be affected by the incident.
While not ubiquitous, the coverage provided in each area by a radio site will serve buildings
that otherwise are not addressed by other means, as it is not limited to a single building.
No user training or additional equipment is required. First responders’ radios work the
same inside of a building as they would in any other situation. Additional radio tower sites
would be managed the same as the rest of the PSERN network.

Cons:
•

•

•

Radio tower sites are expensive to develop. In urban areas, where signal reinforcement is
most needed, lease costs can be expensive. These costs can be minimized by siting on
existing towers, or existing government owned facilities, however these costs cannot be
avoided. Radio tower sites also have ongoing costs such as utilities (electricity) and
maintenance. The site will need to be supported by PSERN staff, which may increase the
number of operations and maintenance staff.
Each Radio tower site will require additional radio electronics. The addition of a site will
require not only additional base station equipment to be implemented but will also require
additional vendor design and engineering services to integrate the site into the network.
Managing simulcast transmission coverage overlap in urban areas can be challenging from a
radio design standpoint. The new PSERN digital radio system will utilize simulcast
transmission whereby a call in-progress will be transmitted simultaneously across multiple
sites in a cell. Each site’s coverage areas, their inter-site spacing, power output, antenna
radiation patterns, are closely managed to minimize overlap and interference due to time
delay of arrival of signals. Merely adding another site to address in-building coverage
cannot be considered unless taken into context of the overall system design.
Radio tower sites require network connectivity. PSERN is utilizing a county-wide microwave
ring to deliver backhaul to each of the sites. This configuration allows for redundancy in the
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•
•

•

event of a single site failure. A new site will need to be integrated into one of the
microwave backhaul rings. This will add complexity and costs to the microwave network.
Alternate methods for backhaul such as fiber through commercial or government networks
also exist. Limitations of backhaul requirements could impact optimal site location.
Radio tower sites take a long time to implement. Building a new site requires a lengthy
design and permitting process before construction begins. This process can take twelve to
eighteen months to complete.
Radio tower sites do not guarantee coverage will be provided inside of any specific building.
Radio tower sites provide an improved signal level at the exterior of the building which
improves the probability of sufficient coverage inside of the building. Due to individual
construction and other factors (multipath, scatter, etc.) coverage inside of buildings from
radio tower sites will vary greatly.
Addition of new radio tower sites to the PSERN network may adversely affect existing
emergency responder radio coverage systems if not timed with the deployment of the
existing PSERN radio system.

Estimated Costs:
PSERN staff has provided cost information based on actual costs of developing new radio
tower sites on the PSERN network. The cost of the electronic infrastructure of a radio site
is relatively fixed, however the site development costs will vary widely depending upon
the tower design, access constraints, backhaul, and other factors. PSERN network
redesign costs are likely to be incurred as adding sites to an existing design will require
integration into, and optimization of, the entire network. These costs are largely
unknown at this time since network redesign considerations were outside of the IBTF
scope of work. Additionally, PSERN staff resources will need to be engaged throughout
the design and implementation phases of any added radio tower site. Additional costs
have been added on a per site basis to account for these unknown costs. A thorough
review of the final recommended approach with the PSERN radio system vendors will
need to be conducted to get a better handle on these costs. A rough order of magnitude
approximation of costs for implementing a single site on the PSERN network is
summarized in the following table.
Site Development
(tower, shelter,
Estimated Cost of
generator,
Construction
Equipment
Network Redesign
construction, Management, (microwave backhaul,
(electronics, testing, install, labor,
A&E)
Legal, Staff
simulcast, etc)
testing, and staff)

Typical Radio Tower Site
Co-located (Existing shelter/tower)
Co-located (New shelter/existing tower)
New Radio Tower Site (New shelter/tower)

Min
$850,000
$850,000
$850,000
$850,000

Max
$1,000,000
$1,000,000
$1,000,000
$1,000,000

Avg
$496,428
$187,685
$421,100
$880,498
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$148,928
$56,306
$126,330
$264,149

Min
$100,000
$100,000
$100,000
$100,000

Max
$350,000
$300,000
$300,000
$300,000

Annual O&M
(Rent, Utilities,
Maintenance, staff,
etc.)

Min
$75,000
$75,000
$75,000
$75,000

Max
$107,000
$107,000
$107,000
$107,000
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Typical Radio Tower Site
Co-located (Existing shelter/tower)
Co-located (New shelter/existing tower)
New Radio Tower Site (New shelter/tower)

Total Capital
Investment
$1,795,356
$1,368,991
$1,672,430
$2,269,647

Estimated
Average
Annual
O&M
$91,000
$91,000
$91,000
$91,000

Total Cost of
Ownership
(20 yrs)
$3,615,355.97
$3,188,990.50
$3,492,430.00
$4,089,647.40

Figure 12: Summary of Estimated Costs for New Radio Tower Sites
The funding of the sites was not considered as part of this analysis. The potential for
incremental per-subscriber fees based on these costs should be considered since this is a
concern for all agencies that utilize the PSERN network.

5.3 Distributed Antenna Systems (DAS)

As of the current version of the Revised Code of Washington (RCW section 19.27.031),
the state has adopted the 2015 edition of the International Fire Code. International Fire
Code requires that “all new buildings shall have approved radio coverage for emergency
responders within the building based upon the existing coverage levels of the public
safety communications systems of the jurisdiction at the exterior of the building” (2015
International Fire Code, Section 510.1). Agencies within King County have adopted the
WA State fire code as amended, and as such building owners are required to have
adequate emergency responder radio coverage for new buildings. This code has been on
the books since 2009, so buildings built prior to that year likely do not have public safety
radio enhancement systems installed.
While there is no exception listed in the fire code language itself, there is mention of the
size and types of buildings that should be targeted in the commentary section of the 2015
IFC Code and Commentary that fire officials commonly reference for guidance.
Where testing using the existing public safety communications system finds that the
signal strengths are satisfactory, Exception 2 allows the fire code official to waive the
requirements when it is determined that emergency responder radio coverage is not
needed. This exception does not give any criteria as to buildings that can be
exempted. However, discussions with public safety radio professionals found that,
based on current radio technologies, most wood frame or mixed construction Group
R-1 and R-2 occupancies, single-family dwellings, townhomes and buildings with an
area less than 50,000 square feet (4645 m2) without basements, should engender
little concern for loss of radio signal strength inside the building or an inability to
transmit to an outdoor receiver.

There is a stipulation in the code that addresses existing buildings that do not have
adequate coverage, however there are difficulties and hardships with enforcing this type
of code retroactively. It can be extremely unpopular and difficult to retroactively enforce
building codes that have a major financial impact on building owners. These costs for
retroactive installations are generally not planned by building owners. Additionally, code
enforcement officials must then track, manage, verify, and/or penalize building owners
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regarding compliance. This work effort can become overwhelming due to the sheer
number of buildings affected county-wide. Additionally, retrofitting existing buildings,
especially older buildings, with a DAS can be extremely burdensome due to such things as
asbestos abatement, historical perseveration, and other constructability issues that exist
with older buildings.
The most common implementation of this requirement is to implement a Distributed
Antenna System (DAS) with a Bi-Directional Amplifier (BDA). A DAS is a network of
antennas distributed throughout a building connected to a signal booster which amplifies
emergency responder radio signals inside of a building. This configuration allows radios
inside the building to avoid building attenuation and communicate with the radio
network outside of the building. DAS systems can be simple and easy to install for small
facilities. Larger more complex systems take advantage of fiber optic distribution,
multiple technologies, and digital transmission. Most DAS systems at their basic level
operate something like the diagram below, where the portable radio on the first floor is
able to communicate with the radio system’s donor site via the rooftop antenna.

Figure 13: Simplified Distributed Antenna System for a small building

Pros:
•
•
•
•
•

Low capital investment for PSERN since the costs are borne by building owners.
High level of coverage inside buildings. Fire code requires 90% coverage of each floor of the
building which is more than would be expected from the radio network in general.
Below grade levels will be covered where emergency responders often have the most
challenges with in-building communications.
Serves all users on the radio system equally.
Provides communications without added user intervention, action, training, or complexity.

Cons:
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•
•

•
•
•
•
•
•

•
•
•

Requirement began in 2009 IFC. Legacy buildings may not have emergency responder
coverage enhancement systems. Retro-active enforcement of code for the entire county
would be extremely cumbersome.
Excessive over-the-air BDAs in an urban environment will increase the RF noise environment
and could cause adverse interference to the regional radio system. An estimated 12,000
commercial buildings are in the “uncovered” areas identified by IBTF. This many BDAs in
one area would increase the probability of adverse interference tremendously.
Enforcement of fire code is required consistently across the county.
Fire may destroy an in-building system during incident such as explosion of major fire and
responders will be out of communications.
Failed in-building coverage systems will need to be repaired by the owners. Fire officials can
inspect the systems when the building is first commissioned but may not be able to actively
monitor the system on a regular basis.
Exceptions to the enforcement of fire code exist. Some jurisdictions have exceptions to the
code for buildings that do not meet a minimum size (EG- 50K square feet). Smaller buildings
in these urban areas will not be required to have coverage enhancements.
Responders won’t always know which buildings have emergency responder coverage
systems and which don’t. This causes inconsistency as one building may have excellent
coverage while the building next door has no coverage.
Management of BDAs from a radio system management perspective can be cumbersome.
The commissioning and tracking of these systems will require technical support from the
radio system manager (or radio technician), and ongoing tracking of the systems will be
required to facilitate interference mitigation.
Buildings that already have coverage today and did not require a DAS, may not have
coverage in the future. Since the new PSERN radio system will be a different design that the
current system, this will be inevitable throughout the county.
Transfers responsibility for operations and maintenance of public safety communications to
building owners.
In-building DAS systems will not have the same reliability or redundancy as the PSERN radio
network.

Opinion of Probable Costs:
When required by Fire Code, it is incumbent upon the building owner to absorb the cost
of the emergency responder radio coverage system. These systems are typically
addressed using a distributed antenna system (DAS).
While the costs for DAS systems would not be borne by PSERN directly, costs for DAS
systems installed in government owned facilities would be absorbed by the owner.
Therefore, government owned facilities with new DAS systems installed would be borne
by those government agencies (fire stations, police stations, emergency operations
centers, schools, court houses, jails, government offices, hospitals, clinics, etc.). The cost
analysis for DAS systems includes government owned buildings that may require a system
to be installed to meet the desired in-building coverage. It is virtually impossible to
accurately determine the number of buildings that would need to have DAS systems
installed by PSERN constituent agencies. Since some new buildings and major
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renovations are expected to meet fire code requirements for emergency responder radio
coverage, the incremental number of systems is estimated as a small percentage of the
existing government buildings in the areas below the desired threshold.
Based on a per square foot parametric estimate and assigning an average cost density
category (High/Medium/Low) as outlined in the in-building coverage requirements
section, the cost of an emergency responder DAS system for a single building in
developed area of King County would be as follows.
Size (sq. ft.)

Type
Large Building
Medium Building
Small Building

Min
250000
100000
0

Max
750000
250000
100000

Type
Large Building
Medium Building
Small Building

Cost per sq. ft.

Min
$1
$1
$1

Total Capital
Investment
$687,500
$237,500
$75,000

Max
$1.50
$1.50
$1.50

Estimate Cost per building

Min
$250,000
$100,000
$0

Annual O&M
$500
$500
$500

Max
$1,125,000
$375,000
$150,000

AVG
$687,500
$237,500
$75,000

Number of
Buildings
below
threshold
1
1
1

Total Cost of
Ownership
(20 years)
$697,500
$237,500
$85,000

Figure 14: Summary of Costs for DAS Systems by Building Size

Government agencies within King County would be required to procure and install
emergency responder radio coverage systems in newly constructed government-owned
buildings (or major renovations) over the next 20 years. A DAS only approach to
providing in-building coverage would force government agencies in King County, who are
also building owners, to pay for implementing DAS systems. Buildings that currently do
not have a DAS, and do not have sufficient coverage would need to have systems installed
to meet the in-building coverage requirements.

5.4 Vehicular Repeaters

Modern technology allows a portable radio user to extend the range of a radio system by
using a vehicular repeater as a relay system. To do so requires the vehicular repeater to
be located either at the building or on a vehicle near the building. The repeater must be
properly activated and configured with the proper channels prior to use. Unlike new radio
tower sites and DAS systems, vehicular repeaters add significant operational complexity
for users and don’t benefit all radio system users equally. In other areas of the county,
these devices are deployed for responses to structure fires or other longer-term events
such as police hostage situations or SWAT responses. Vehicular repeater deployment
does not necessarily benefit most police or emergency medical services (EMS) responses
into buildings which are very frequent and of a brief duration. A fast-evolving law
enforcement scenario like a foot pursuit or burglary response would not have time to
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deploy a vehicular repeater solution. Deploying portable repeaters in the scenarios poses
complex operational challenges. Training on the use of the device is highly important, as
the portable radio user (or a team of users) needs to understand this concept of
operation and expediently change channels on their portable radios prior to entering a
building where they will need to communicate back to their primary dispatcher and other
talk groups. Newer Digital Vehicular Repeater technology can greatly enhance the
integration of these units into the radio network, including the ability to pass emergency
calls (“EMER”) radio identification to the network, but there is still added operational and
technical complexity with this solution.

Figure 15: Duplexed Vehicular Repeater Diagram (U.S. Fire Administration, pg. 41)

Pros:
•
•
•

Low cost when compared with other alternatives.
Modest ongoing maintenance and repair costs required.
Portability. Can be deployed in situations where coverage is challenging, including inbuilding coverage or search and rescue incidents.

Cons:
•
•

•
•
•
•

Operational complexity not ideal for fast-evolving responses.
Requires training for users in the field since responders to events taking place inside of a
building need to know which channel they are operating on prior to entering the building.
An operational communications plan would need to be developed detailing the use of the
Vehicular Repeater.
Will not be available for all users in all incidents. Assuming agencies would only deploy
vehicular repeaters in certain instances (Law Enforcement typically do not utilize vehicular
repeaters), any given incident cannot rely on this being available when entering a building.
Use of portable vehicular repeaters requires additional equipment to be deployed for
incidents that must be tracked and managed by the responders themselves.
Limited talk-group (radio channel) resources are available with this type of solution.
Requires additional frequencies to be licensed and coordinated for each unit.
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•

Radio system managers will need to track the devices to ensure compliance and proper
operation on the radio system.

Opinion of Probable Cost:
To achieve in-building coverage using only vehicular repeaters, every vehicle in King
County would need to be outfitted with such a device, each portable radio used by each
agency in King County properly configured, and every responder trained on the
operations of the devices. These devices would need to be managed by technical staff to
ensure that the devices are being maintained and properly licensed with the FCC. The
operational costs for deploying this strategy can be significant. Radio system users will
need to be trained on a regular basis to ensure operational protocols are followed when
responding to incidents inside of buildings. Regular maintenance will need to be done on
each device which will require technical training.
Vehicular repeaters will not provide the same level of coverage as a DAS. The coverage
area will be limited to a that of a single transmitter outside of a particular building. This
means that a vehicular repeater in a fire vehicle parked outside of a large building may
have difficulty reaching areas below grade or areas in upper floors of high-rise buildings.
Multiple vehicular repeaters may also need to be deployed for each incident in order to
meet the operational needs of first responders. Vehicular repeaters are limited in the
number of talkgroups that can be deployed per unit and require manual intervention
from users to ensure proper connectivity to the repeater. As such the IBTF does not
consider Vehicular repeaters as a viable solution to address large scale in-building
coverage issues. The following tables summarize the estimated costs per unit for a
vehicular repeater solution. In addition to equipment and maintenance costs, there is an
additional licensing fee for each subscriber radio (mobiles/portables) to operate on the
vehicular repeater. A single repeater is expected to have a minimum number of radios
configured for use on the system to make it useful.

Equipment
$10,000

Annual O&M
per unit
(Training,
Repair,
Management,
Maintenance,
Replacement, Number of
etc.)
Vehicular Units
1
$500

Number of
Subscriber
Units
50

Total Cost of
Per subscriber Total Capital
Ownership
license
Investment Annual O&M (20 years)
$80
$14,000
$500
$24,000

Figure 16: Estimated Cost for a Single Vehicular Repeater

5.5 Other In-building Repeaters

There are other ways to provide radio coverage inside of buildings besides DAS/BDA
systems that fall into the category of in-building repeaters. These repeaters could be of
various types and could also be used to feed into a DAS for signal distribution to other
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areas of a larger building or complex. As these are largely variations of the DAS and/or
vehicular repeater approaches above, complete analysis of these options with costs was
not conducted. These options should be considered in specific situations where
traditional approaches are not feasible.
•

•

•

Vehicular repeaters can be permanently mounted inside of a building. This solution
combines the DAS solution with the vehicular repeater solution and could be a good
strategy for covering buildings that are considered to be critical. First responders would
need to understand which buildings are equipped with such devices and manually switch
their radios to the proper channel before entering a building.
Fiber fed repeaters can also be deployed that can provide coverage in specific buildings that
are considered to be critical. This is an elegant solution for a finite set of buildings where
agencies have control over the connectivity to the building such as government offices, fire
stations, and civic centers.
For very large facilities, an active PSERN radio site can be installed inside of a building and
used to provide coverage to the facility. This would only be a consideration for very large
facilities such as Stadiums where coverage is essential, and the other solutions do not meet
the requirements.

5.6 Combined Solution Approach

The options listed above are effectively one-size-fits-all approaches, where one of three
specific solutions is provided to address in-building coverage for the entire county. A
logical approach would be to implement all three options in varying degrees throughout
the county to address in-building coverage. This hybrid strategy is likely the most
effective overall method and will demonstrate good stewardship of taxpayer dollars.

The first tier of in-building coverage must come from the tower sites that comprise the
PSERN radio network directly, where an entire area has a minimum level of coverage
providing some degree of in-building signal penetration. First responders are challenged
by variable in-building coverage today in many areas of King County. Regardless, present
regional system users have become accustomed to having a minimum level of in-building
coverage even in buildings that do not have code-compliant BDAs. In the event of a
failure of a DAS or other type of in-building coverage system first responders will need to
rely on this minimal level of coverage that is expected to be provided by the PSERN
network. Additionally, there are many old buildings that were constructed prior to any
code requirement for BDAs. Some buildings are exempted from this provision of the fire
code if they do not meet certain minimum criteria (EG- Some jurisdictions allow for an
exception for buildings less than 50,000 square feet). As such areas that have major
development and a large amount of densely constructed buildings could have additional
radio tower sites added to provide additional or excess on street coverage to account for
the building penetration loss. Limiting these areas to only the highest density areas
where a single PSERN site will provide in-building coverage to a significant number of
buildings will reduce the overall investment in added PSERN radio towers.
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Limiting the number of new tower sites required can be achieved through the
prioritization of sites based on the number of sites expected to be covered by a single
site. The IBTF has taken the approach of categorizing areas by the percentage of large,
medium, and small buildings in each area. Areas with less than one hundred commercial
buildings were eliminated from consideration since these areas could potentially be
served with a DAS only approach. Additionally, the areas were ranked by the number of
buildings per acre within the area. In this phase of the analysis each area was limited to
the sections that were below the desired coverage threshold as defined by the IBTF,
thereby only addressing areas that were targeted for excess signal levels for in-building
coverage.
The second tier of in-building coverage would come from emphasizing and coordinating
existing fire code requirements for new buildings county-wide. As this code is already in
place nationally and at the Washington State level, there is essentially no effort for
agencies to continue with this approach. Some buildings in high density areas will likely
still require DAS systems to provide the required level of coverage, however a smaller
amount of systems will need to be implemented. In the less densely developed areas
DAS systems can be implemented in a large percentage of the commercial buildings. Due
to the lower amount of commercial buildings the cost and complexity of implementing
DAS systems is less than it would be for adding a new site.
The third tier of in-building coverage would come from the implementation of vehicular
repeaters in strategic areas, or on a per agency basis to be used at their discretion. These
could be used to provide communications in buildings with otherwise poor inbuilding
radio coverage during a sustained event such as a structure fire. The exact number of
devices would be determined by the operational needs of each agency. While installing
vehicular repeaters in every vehicle county-wide is not practical, a device could be
installed in specific vehicles at each fire station. This would allow for quick deployment to
any incident that required the device and would greatly reduce the amount of training
and maintenance required for the devices.
The fourth tier of in-building coverage would come from the implementation of other inbuilding repeaters to address specific critical facilities where coverage is essential and
traditional DAS deployment is not feasible (old government buildings, large training
facilities, stadiums, etc.). These approaches would need to be considered on a buildingby-building basis and is beyond the scope of the IBTF effort.
Costs for various combined approaches are addressed in the recommendation section.
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6 Recommendations
6.1 Recommendation for Addressing In-building Coverage Gaps

There is no single strategy for providing radio communications for first responders inside
of buildings across the entire county. A combined approach should be taken to ensure
the most efficient use of constrained resources while demonstrating good stewardship of
taxpayer dollars. The recommendations below provide actionable strategies for
implementing a combined approach to addressing in-building coverage.
Estimating the cost of new radio tower sites is extremely difficult since there are many
factors that make up the cost of a given tower site. Two highly variable factors that have
a major impact on the costs are leasing and site construction costs. These can vary widely
based on the type of site, and the site owner. A co-located site can be easier and less
expensive to construct since the tower and/or shelter already exist. However, this can
require a lengthy lease negotiation since the tower/shelter owner don’t necessarily have
PSERN’s needs as a tenant in mind. This can be of particular concern when siting towers
in urban areas where tower locations are limited. In some instances, the owner of a
tower in an optimal location will be in the best negotiating position since there are few
alternatives for PSERN to consider. Choosing a secondary candidate for the tower site
could potentially reduce costs but could be in a less optimal location for coverage. When
designing in-building coverage sites for the PSERN network, location of the site will be
critical for providing the desired coverage. Existing sites in the targeted areas with
favorable property owners (PSERN partner agency owned, existing leases, etc.) should be
identified and evaluated as possible candidates for these sites.

6.2 Regional Considerations

Adding radio tower sites to the existing PSERN radio system design to address in-building
coverage provides increased in-building reliability in areas of major concern for the IBTF.
Targeted areas determined to be below the desired excess signal threshold were
evaluated and ranked based on the number of buildings and the density of buildings in
the area. This analysis tends to bring the highest density areas of Downtown Bellevue,
and Downtown Seattle to the top of the list. When IBTF considered regional equity, this
result did not address the concerns of agencies outside of Seattle and Bellevue. The IBTF
considered some areas outside Seattle/Bellevue to be of major concern regardless of the
statistical ranking to ensure that the analysis was equitable for the other portions of the
county.

6.3 Recommended Option
6.3.1 Option A: Additional Radio Towers in Medium and High-Density Areas
This strategy would include the deployment of radio towers in the high-density and
medium density areas of the county. This strategy provides excess in-building radio
coverage to areas of the county where the IBTF feels are most valuable. This would
involve deploying up to fourteen additional sites in the core of the PSERN radio network.
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In the areas of the county defined as Low-Density, additional DAS systems would be
deployed in government-owned buildings to address coverage requirements. Additional
vehicular repeaters would be deployed to deal with sustained responses and other
situations where in-building coverage does not provide reliable communications.
The table below summarizes the high and medium density areas designated by the IBTF
as concerns for in-building coverage. These areas are ranked by the category first, then
by the combination of the number of buildings and buildings per acre. It is strongly
recommended to address the high-density areas with new radio sites, and to address the
medium density areas in a ranked fashion. There is no single ideal method for ranking
these areas. However, it should be noted that a single site in an area will be more
beneficial if there is a significant number of buildings in that area. The higher per acre
number, the more buildings can be covered with a single site. Additionally, considering
the regional equity discussed above, the areas in Seattle such as Ballard and South Lake
Union are adjacent to each other and to Downtown Seattle which is considered highdensity and would already be targeted for a nearby site. Conversely, areas such as
Renton and Renton/Kent Valley are not adjacent to high density areas, and do not benefit
significantly for site adjacency to multiple underserved areas.
Targeting co-located tower sites may be considered as a way to reduce the per site costs.
As such, options with additional radio tower sites have two cost tables. One with
“typical” tower sites that represent costs for an average PSERN tower site, and one with
co-located tower sites which represent costs for PSERN co-located sites.
The following table lists the high density and medium density areas that are
recommended to be included in this option along with the number of buildings, density,
and ranking for each area. This is expected to be necessary for IBTF identified areas that
were not targeted for new radio tower sites (i.e.- Low density areas only).

Area
DT Seattle
DT Bellevue
Ballard
Seattle Industrial
South Lake Union
Kent/Renton Valley
Renton
Boeing Field
Pioneer Square/Stadiums
Auburn
Totem Lake
Factoria/Eastgate

Category

Total
Commercial
Buildings

Buildings per
Acre

High Density
High Density

514
275

0.82
0.56

423
154

1129
1074
560
1506
788
1130
339
961
277
247

1.01
0.44
0.82
0.21
0.40
0.24
0.79
0.11
0.33
0.24

1143
469
457
320
317
269
266
105
92
58

Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
Medium Density
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Ranking
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32

Medium Density

Microsoft

199

0.17

34

Figure 17: High and Medium Density Areas Targeted in Option A

Estimated costs for this solution are summarized in the following tables. Due to the high
variability and high impact of site development and leasing costs, two separate cost
estimates are provided. The first table assumes that new radio tower sites would be
similar to a typical PSERN site. The second table assumes that new radio tower sites are
limited to lower cost, co-located sites only. Note that the incremental number of DAS
systems in government owned buildings and vehicular repeaters is moderate for this
option. This option is considered the baseline option for determining incremental
number of DAS systems or vehicular repeaters.
Incremental
"Typical"
Radio Tower
Sites

Incremental DAS
Government
Owned Buildings
Only

Incremental
Vehicular
repeaters

20-year
projection
Capital Investment
$23,339,628
$150,000
$224,000
$23,713,628 $23,713,628
Annual O&M
$1,183,000
$1,000
$8,000
$1,192,000 $23,840,000
Total Cost of Ownership (20 yrs) $47,553,628
Figure 18: Estimated Costs for Option A using “Typical” Radio Tower Sites
13

2

16

Incremental "Colocated Only"
Radio Tower Sites

Incremental DAS
Government
Owned Buildings
Only

Incremental
Vehicular
repeaters

13

2

16

$17,796,877
$1,183,000

$150,000
$1,000

Capital Investment
Annual O&M

Total

Total

$224,000
$18,170,877
$8,000
$1,192,000
Total Cost of Ownership (20 yrs)

20-year
projection
$18,170,877
$23,840,000
$42,010,877

Figure 19:Estimated Costs for Option A using “Co-located” Radio Tower Sites

Option A Pros:
•
•
•
•
•

Addresses the most concerning high-density and medium density areas
Allows for flexibility in addressing medium density areas throughout the county to ensure
regional equity of sites.
Achieves a good balance of new tower sites for in-building coverage and distributed antenna
systems for smaller areas
Cost is relatively low when compared with other in-building options
Impact on operations is minimized by providing highly reliable excess PSERN radio signals to
buildings.
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•

Option A Cons:
•
•
•
•

Adding additional sites to PSERN network will increase the complexity.
Additional operational costs associated with new sites.
Does not provide radio tower sites in lower density areas of the county

6.4 Additional Options to Consider
6.4.1 Option B: Additional Radio Towers in All Targeted Areas
This strategy would include the deployment of radio towers in the all targeted areas of
the county. This strategy would expand the enhanced in-building coverage to the areas
of the county designated as low-density development. This would involve deploying up
to twenty-eight additional sites in the core of the PSERN radio network. Since this
strategy is essentially the radio tower only approach, there would not be any incremental
DAS or vehicular repeaters deployed above what would be necessary regardless of site
deployments. This strategy is not recommended due to the sheer number of radio tower
sites, and the added complexity to the PSERN radio network. Radio tower sites added in
the low-density areas would provide coverage to a small amount of buildings which could
be served with DAS or Vehicular repeater approach without too much complexity.
The following table lists the low-density development areas to be targeted in this option
in addition to the high and medium-density areas are addressed in option A.

Area
Overlake
Kirkland
Redmond
City of SeaTac
Issaquah
Kent
Covington

Total Commercial
Buildings
Buildings per Acre IBTF Ranking Score
720
0.48
347.50
340
0.50
170.47
414
0.32
133.12
277
0.34
95.07
371
0.23
86.02
342
0.25
85.02
120
0.26
30.98

Figure 20: Additional "Low-Density" areas targeted in Option B

Estimated costs for this solution are summarized in the following tables. As noted in the
previous option, two separate cost estimates are provided. The first table assumes that
new radio tower sites would be similar to a typical PSERN site. The second table assumes
that new radio tower sites are limited to lower cost, co-located sites only. Note that the
incremental number of DAS systems in government owned buildings and vehicular
repeaters is zero for this option. This option is considered the baseline option for
determining incremental number of DAS systems or vehicular repeaters. When compared
with the other options, this option would not require any incremental repeaters or DAS
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systems above and beyond the baseline number that would be required no matter the
solution.

Capital Investment
Annual O&M

Incremental
"Typical"
Radio Tower
Sites

Incremental DAS
Government
Owned Buildings
Only

21

0

$37,702,475
$1,911,000

$0
$0

Incremental
Vehicular
repeaters
20-year
projection
$0
$37,702,475 $37,702,475
$0
$1,911,000 $38,220,000
Total Cost of Ownership (20 yrs) $75,922,475
0

Total

Figure 21: Estimated Costs for Option B using “Typical” Radio Tower Sites

Capital Investment
Annual O&M

Incremental "Colocated Only"
Radio Tower Sites

Incremental DAS
Government
Owned Buildings
Only

Incremental
Vehicular
repeaters

21

0

0

$28,748,801
$1,911,000

$0
$0

Total

$0
$28,748,801
$0
$1,911,000
Total Cost of Ownership (20 yrs)

20-year
projection
$28,748,801
$38,220,000
$66,968,801

Figure 22:Estimated Costs for Option B using “Co-located” Radio Tower Sites
Pros - Option B:
•
•
•
•
•

Addresses all the targeted areas of the IBTF
Allows for flexibility in addressing medium and low-density areas on a prioritized basis
throughout the county to ensure regional equity of sites.
Minimizes the need for DAS systems and/or vehicular repeaters for in-building coverage.
Impact on operations is minimized by providing highly reliable excess PSERN radio signals to
buildings.

Cons - Option B:
•
•
•

Adding additional sites to PSERN network will increase the complexity.
Additional operational costs associated with new sites.
High number of new radio tower sites will be expensive compared to other alternatives.

6.4.2 Option C: Additional Radio Towers in High Density Areas Only
Deploy radio tower sites in the areas designated by the IBTF as High-Density areas. This
would involve deploying additional sites in the core of the PSERN radio network. In the
Medium and Low-density areas of the county additional DAS systems would need to be
deployed in government-owned buildings to address coverage requirements. Additional
vehicular repeaters would be deployed to deal with sustained responses and other
situations where in-building coverage does not provide reliable communications.
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The following table lists the high-density development areas which would be the only
areas targeted in this option.

Area
DT Seattle
DT Bellevue

Total Commercial
Buildings
Buildings per Acre
514
275

IBTF Ranking Score

0.82
0.56

423.29
154.04

Figure 23: High Density Areas Targeted in Option C

Estimated costs for this solution are summarized in the following tables. Again, two
separate cost estimates are provided. The first table assumes that new radio tower sites
would be similar to a typical PSERN site. The second table assumes that new radio tower
sites are limited to lower cost, co-located sites only. Note that the incremental number of
DAS systems in government owned buildings and vehicular repeaters increases with the
reduction of radio tower sites. This is expected to be necessary for IBTF identified areas
that were not targeted for new radio tower sites (i.e.- Med/Low density areas).

Capital Investment
Annual O&M

Incremental
"Typical"
Radio Tower
Sites

Incremental DAS
Government
Owned Buildings
Only

2

28

$3,590,712
$182,000

$6,325,000
$14,000

Incremental
Vehicular
repeaters
20-year
projection
$1,064,000
$23,713,628 $23,713,628
$38,000
$1,192,000 $23,840,000
Total Cost of Ownership (20 yrs) $47,553,628
76

Total

Figure 24: Estimated Costs for Option C using “Typical” Radio Tower Sites

Capital Investment
Annual O&M

Incremental "Colocated Only"
Radio Tower Sites

Incremental DAS
Government
Owned Buildings
Only

Incremental
Vehicular
repeaters

2

28

76

$2,737,981
$182,000

$6,325,000
$14,000

Total

$1,064,000
$10,126,981
$38,000
$234,000
Total Cost of Ownership (20 yrs)

20-year
projection
$10,126,981
$4,680,000
$14,806,981

Figure 25: Estimated Costs for Option C using “Typical” Radio Tower Sites
Pros Option C:
•
•

Minimizes the number of new radio tower sites, thus minimizing complexity
Cost is relatively low when compared with other in-building options
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•

Cons Option C:
•
•
•
•
•
•

Only addresses a small portion of the county with new radio tower sites.
Does not allow for flexibility in addressing low or medium density areas to ensure regional
equity of radio tower sites.
Adding additional sites to PSERN network will increase the complexity.
Additional operational costs associated with new sites.
Relies on excessive amounts of vehicular repeaters which will be overly complex
operationally.
Relies on deploying increased amounts of DAS systems across the county which will increase
likelihood of adverse interference and increased noise floor.

6.4.3 Option D: Distributed Antenna Systems (DAS) Only
In-building distributed antenna systems (DAS) with bi-directional amplifiers (BDA) should
be considered as the second tier of in-building coverage but is not recommended as the
only strategy for addressing in-building coverage. It is not recommended to attempt to
address in-building coverage to every building in the PSERN coverage area with a DAS
only strategy since the potential for adverse interference from BDAs increases with each
system deployed, particularly in high density areas where BDAs may be installed in close
proximity. The excessive number of DAS systems that would need to be implemented
across the county could prove to be disastrous to the PSERN radio system. While there is
no way to accurately predict the costs of DAS systems that would be needed to be
deployed without the addition of any radio tower sites, the following table provide some
idea of the costs that government agencies could incur with a DAS only approach. These
costs do not reflect costs to the commercial and business communities that would also
need to deploy DAS systems in buildings, which would be much larger. While DAS
systems in commercial buildings would not be direct costs to PSERN, the owners are tax
payers and may argue that their tax dollars should be used to provide radio coverage.

Capital Investment
Annual O&M

Incremental
"Typical"
Radio Tower
Sites

Incremental DAS
Government
Owned Buildings
Only

0

52

$0
$0

$22,825,000
$26,000

Incremental
Vehicular
repeaters
20-year
projection
$0
$22,825,000 $22,825,000
$0
$26,000
$520,000
Total Cost of Ownership (20 yrs) $23,345,000
0

Total

Figure 26: Estimated Costs for Option D
Pros:
•
•

Low capital investment for PSERN since the costs are borne by building owners.
High level of coverage inside buildings. Fire code requires 90% coverage of each floor of the
building which is more than would be expected from the radio network in general.
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•
•
•

Below grade levels will be covered where emergency responders often have the most
challenges with in-building communications.
Serves all users on the radio system equally.
Provides communications without added user intervention, action, training, or complexity

Cons:
•
•

•
•
•
•
•
•

•
•
•

Requirement began in 2009 IFC. Legacy buildings may not have emergency responder
coverage enhancement systems. Retro-active enforcement of code for the entire county
would be extremely cumbersome.
Excessive over-the-air BDAs in an urban environment will increase the RF noise environment
and could cause adverse interference to the regional radio system. An estimated 12,000
commercial buildings are in the “uncovered” areas identified by IBTF. This many BDAs in
one area would increase the probability of adverse interference tremendously.
Enforcement of fire code is required consistently across the county.
Fire may destroy an in-building system during incident such as explosion of major fire and
responders will be out of communications.
Failed in-building coverage systems will need to be repaired by the owners. Fire officials can
inspect the systems when the building is first commissioned but may not be able to actively
monitor the system on a regular basis.
Exceptions to the enforcement of fire code exist. Some jurisdictions have exceptions to the
code for buildings that do not meet a minimum size (EG- 50K square feet). Smaller buildings
in these urban areas will not be required to have coverage enhancements.
Responders won’t always know which buildings have emergency responder coverage
systems and which don’t. This causes inconsistency as one building may have excellent
coverage while the building next door has no coverage.
Management of BDAs from a radio system management perspective can be cumbersome.
The commissioning and tracking of these systems will require technical support from the
radio system manager (or radio technician), and ongoing tracking of the systems will be
required to facilitate interference mitigation.
Buildings that already have coverage today and did not require a DAS, may not have
coverage in the future. Since the new PSERN radio system will be a different design that the
current system, this will be inevitable throughout the county.
Transfers responsibility for operations and maintenance of public safety communications to
building owners.
In-building DAS systems will not have the same reliability or redundancy as the PSERN radio
network.

DAS implementation is an essential part of the overall strategy for addressing in-building
coverage. PSERN should engage with fire code officials in King County to emphasize the
importance of these systems in commercial areas of the county and provide technical
guidance for public safety DAS systems on the PSERN network. This should include, a
standard process for implementing DAS systems, BDA requirements (channelized vs
broadband), frequencies required, desired donor site, testing procedure, and other
technical items that PSERN may desire. Regular communications with fire code officials is
the best way to maintain emphasis on the in-building coverage requirement.
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Exceptions and modifications to the model code should be noted by PSERN to understand
how the code is being applied in the coverage areas. A database of BDAs in the coverage
area should be kept helping to minimize interference concerns. Technical staff familiar
with the radio system and operational requirements will need to understand the number
and location of deployed DAS systems throughout the county. These DAS systems should
be tested on a regular basis (annually) to ensure technical and operational compliance
with the new PSERN system. As interference issues inevitably arise, technical staff will
need to be able to quickly deploy an interference mitigation troubleshooting strategy.
6.4.4 Option E – Vehicular Repeaters Only:
In-vehicle repeaters should be deployed throughout the county for special situations such
as for covering critical buildings that need coverage and to deploy in sustained incidents
where in-building coverage is otherwise not available. In smaller cities where there are
not as many buildings serve a dual purpose of proving coverage in search and rescue
operations in rural areas of king county while also providing an alternative for in-building
coverage. An in-vehicle repeater only approach is not recommended due to the
complexity of deploying devices in every first responder vehicle in the county. The
operational impacts of deploying these devices as the main source of communications in
areas with high density buildings is contradictory to the concepts of the regional
interoperable radio system due to the limitations on capacity and functionality. The
following table provides a general idea of the costs associated with this strategy.

Capital Investment
Annual O&M

Incremental
"Typical"
Radio Tower
Sites

Incremental DAS
Government
Owned Buildings
Only

$0

0

$0
$0

$0
$0

Incremental
Vehicular
repeaters

20-year
projection
$30,240,000
$30,240,000 $30,240,000
$1,500,000
$1,500,000 $30,000,000
Total Cost of Ownership (20 years) $60,240,000
3000

Total

Figure 27: Estimated Costs for Option E
Pros:
•

Portability. Can be deployed in situations where coverage is challenging, including inbuilding coverage or search and rescue incidents.

Cons:
•
•

•

Operational complexity not ideal for fast-evolving responses.
Requires training for users in the field since responders to events taking place inside of a
building need to know which channel they are operating on prior to entering the building.
An operational communications plan would need to be developed detailing the use of the
Vehicular Repeater.
Use of portable vehicular repeaters requires additional equipment to be deployed for
incidents that must be tracked and managed by the responders themselves.
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•
•
•

Limited talk-group (radio channel) resources are available with this type of solution.
Requires additional frequencies to be licensed and coordinated for each unit.
Radio system managers will need to track the devices to ensure compliance and proper
operation on the radio system.

6.5 Recommendation for Additional Investigation:

During the project various radio system coverage design parameters were identified that
could be adjusted to optimize the in-building coverage requirements. These parameters
were reviewed and adjusted based on the best available information at the time. Since
there were multiple parameters to adjust and each parameter could have a major impact
on the optimal value of the other parameters, the IBTF had to lock down some
parameters early in the process to move forward with the analysis. With the completion
of the analysis, relationship between these levers and costs is better understood. The
desire to have reliable in-building communications is tempered by the escalating cost
impacts associated with each of these parameters.

If a future effort is needed to further investigate and analyze in-building radio coverage
concerns in King County, the following parameters could be considered for adjustment
using the results of this analysis as the baseline.
Future adjustments to these parameters should be evaluated based on the impact to the
overall costs to the system and the potential impact to operations. The IBTF expects the
parameters in the following table to have the most impact on costs. These values are
prioritized in the order of least impact to operations and the most impact on coverage
requirements.

Parameter

Current
Values

In-building loss
values

12dB
17dB
23dB

Covered Area
Reliability

97%

Definition of
Significant
Coverage

2/3rd of
Polygon

Development
Areas Definitions

High
Med

Comment
Values have a direct impact on in-building coverage maps.
Reducing would require less signal at the exterior of a building to
account for the probability of providing coverage to the firstfloor lobby of a building. Thus, reducing the number of sites
needed for coverage.
Value has a direct impact on in-building coverage maps.
Reducing would the probability of having coverage to the firstfloor lobby of a building across the whole county. Thus,
reducing the number of sites needed for coverage.
Does not affect coverage maps but would reduce the
expectation of covering the majority of each polygon defined by
the IBTF. May reduce the number of polygons meeting the
criteria for additional coverage. This would reduce the number
of sites only for those polygons that are greater than the new
values (and less than 2/3).
Difficult to define "high", "medium", and "low" density buildings.
Changing these definitions may cause some polygons to change
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Low

DAQ

3.4

Radio
configuration

Portable
radio on-hip
w/ nonpublic safety
speaker mic

from "high" to "med" or "low". However, these definitions have
some level of subjectivity which makes it difficult to apply
equally across the county.
DAQ of 3.4 is the industry standard for digital public safety radio
communications. Reducing this would reduce the performance
expectation of the radio system. Maintaining a consistent DAQ
and configuration as a baseline for coverage will help with
defining the values above.
Configuration of the radio is industry standard for emergency
first responders. Using a different configuration could greatly
reduce the need for sites. This would not meet the operational
needs of first responders.

Figure 28: In-building coverage parameters IBTF considered for analysis

6.6 Recommend In-building Coverage Testing Procedures

There are multiple ways of verifying in-building radio coverage within a radio system
depending on the type of solution being tested and the desired operational environment.
Coverage test procedure(s) must capture roundtrip radio signal (both uplink and
downlink). To accomplish this, a DAQ test is strongly recommended for all coverage
testing. Received Signal Strength (RSS) measurements may also be captured during the
testing. Baseline testing of the existing radio system is not available, so comparison with
existing coverage will not be possible unless a baseline test is conducted of the existing
King County Emergency Radio System using one or more of the methods listed below.
Testing of code required emergency responder radio coverage systems
•

The testing of emergency responder radio coverage systems is essential for strategic
deployment of DAS systems in King County. A centralized common test procedure for all
PSERN agencies will ensure that the DAS systems deployed will meet the technical
requirements of the PSERN system. Both NFPA and IFC have recommended procedures for
testing systems for code compliance. Testing with actual first responder radios on the
PSERN network will ensure that users have the coverage necessary for operations inside of
buildings. Uplink testing outbound from the buildings will be equally important. A round
trip DAQ testing procedure to another radio located off site or to a dispatch location will
ensure that sufficient uplink signal is being received at the radio site. A sample test
procedure is provided in Appendix I.

Acceptance testing of in-building coverage
•

Testing of the overall in-building coverage throughout should be done using a drive test
setup where a mobile receiver is mounted inside of a vehicle and configured to mimic onhip portable coverage with additional attenuation added to account for in-building
penetration loss. The testing equipment can then be used to collect radio signals outside of
the buildings throughout the county to verify that the defined excess signal levels are
available on street level in each of the defined areas.
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•

Coverage will only be tested against the predicted PSERN radio coverage levels with the
added in-building coverage sites. A sample in-building drive test plan is included in
Appendix I.

Testing of specific buildings for informational purposes
•

Specific buildings in King County where in-building coverage is considered critical can be
targeted for internal testing. Additionally, a sampling of buildings throughout the county
can be created for in-building testing. Sample testing inside of these buildings will be
different from the DAS testing as there will not necessarily be the expectation of 95%
coverage. However, buildings should be testing inside the first-floor lobby of the buildings.
This will give an indication of the building penetration loss and if actual building penetration
loss values are close to the designed values. A sample testing procedure is provided in
Appendix I.
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APPENDIX A – Motorola Coverage Maps
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APPENDIX B – GIS Maps Analyzed
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APPENDIX C – Gap Analysis Details
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Analysis Area
Auburn
Ballard
Bitter/Haller Lake
Black Diamond
Boeing Field
Bothell
Bothell East
Burien
Carnation
City of SeaTac
Covington
Des Moines
DT Bellevue
DT Seattle
Duvall
Enumclaw
Factoria/Eastgate
Fall City
Federal Way
First Hill
Industrial
Issaquah
Kenmore
Kent
Kent/Renton Valley
Kirkland
Maple Valley
Mercer Island
Microsoft
North Bend
North Woodinville
Northgate
Overlake
Pioneer
Square/Stadiums
Preston
Redmond
Renton
Renton Highlands
Sammamish

Acres
12dB
7,937
619
383
940
1,494
125
309
353
42
634
192
153
475
622
10
708
659
107
3,326
629
2,421
1,504
260
1,280
5,739
553
218
37
1,115
804
308
346
1,027

Percent
12dB
91%
56%
100%
27%
32%
100%
100%
99%
23%
79%
41%
97%
97%
100%
8%
88%
63%
99%
97%
100%
98%
94%
100%
93%
81%
82%
62%
32%
98%
98%
98%
100%
69%

Acres
17dB
3,447
81
376
158
245
114
309
340

Acres
23dB
163

237
81
39
2,677
612
1,623
496
252
506
524
56
0
1
413
329
168
331
7

Percent
17dB
40%
7%
98%
5%
5%
91%
100%
96%
0%
30%
0%
82%
1%
77%
0%
30%
8%
36%
78%
97%
66%
31%
97%
37%
7%
8%
0%
1%
36%
40%
54%
95%
0%

424
193
1,116
879
1,131
41

98%
100%
87%
45%
93%
99%

257
172
296
36
395
1

60%
89%
23%
2%
32%
3%

21
74

243
0
129
3
480

PSERN – Analysis of in-building radio coverage requirements

41

7
77
0
2
1
120

638
511
57
1

3
54

Percent
23dB
2%
0%
11%
0%
0%
6%
25%
0%
0%
0%
0%
1%
0%
19%
0%
0%
0%
0%
19%
81%
2%
0%
1%
0%
0%
0%
0%
0%
0%
0%
0%
16%
0%

Acres
Analysis
Area
8,722
1,115
383
3,473
4,740
125
309
355
187
807
465
158
491
624
138
801
1,051
107
3,414
629
2,459
1,600
260
1,376
7,083
678
352
116
1,138
823
313
347
1,492

5%
39%
0%
0%
0%
0%

431
193
1,288
1,957
1,217
41

C2

SeaTac Airport
Shoreline
Snoqualmie
Snoqualmie Ridge
South Lake Union
Totem Lake
Tukwila/Interurban
University of
Washington
Vashon
Willows Road
Woodinville

1,419
651
60
77
659
363
133

95%
100%
100%
100%
96%
44%
42%

1,286
641
56
77
550
102
26

86%
98%
94%
100%
80%
12%
8%

637
217

605
402
654
267

100%
99%
100%
100%

573
395
578
222

94%
97%
88%
83%

25
266
2
5
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38

42%
33%
0%
59%
6%
0%
0%

1,500
653
60
77
685
830
320

4%
65%
0%
2%

608
407
655
268

C3

APPENDIX D – Gap Analysis Results Summary

The table below summarizes the original gap analysis that the IBTF performed. These area designations
were further refined by the IBTF after this analysis was completed. Areas highlighted in green were not
included in further analysis.

Area
Auburn
Ballard
Bitter/Haller Lake
Black Diamond
Boeing Field
Bothell
Bothell East
Burien
Carnation
City of SeaTac
Covington
Des Moines
DT Bellevue
DT Seattle
Duvall
Enumclaw
Factoria/Eastgate
Fall City
Federal Way
First Hill
Industrial
Issaquah
Kenmore
Kent
Kent/Renton Valley
Kirkland
Maple Valley
Mercer Island
Microsoft
North Bend

Building
Penetration
%
Category Loss (dB)
Covered Comments
Medium
17
40%
Medium
17
7%
Low
12
100%
Low
12
27%
Split "Boeing/Industrial" into "Boeing
Field" and "Industrial" during 2/23
Medium
17
5%
IBTF meeting.
Medium
17
91%
Medium
17
100%
Medium
17
96%
Low
12
23%
Split SeaTac into "City of SeaTac"
and "SeaTac Airport" during 2/23
High
23
0%
IBTF meeting
Medium
17
0%
Low
12
97%
High
23
0%
High
23
19%
Low
12
8%
Low
12
88%
Medium
17
8%
Low
12
99%
Medium
17
78%
High
23
81%
Split "Boeing/Industrial" into "Boeing
Field" and "Industrial" during 2/23
High
23
2%
IBTF meeting.
Medium
17
31%
Medium
17
97%
Medium
17
37%
High
23
0%
Medium
17
8%
Low
12
62%
Medium
17
1%
Medium
17
36%
Low
12
98%
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Building
%
Penetration
Area
Category Loss (dB)
Covered Comments
North Woodinville
Medium
17
54%
Northgate
Medium
17
95%
Overlake
Medium
17
0%
Pioneer Square/Stadiums High
23
5%
Preston
Low
12
100%
Analysis shows target for
improvement.
Split Redmond into "Redmond" and
"Willow Road" during 2/23 IBTF
Redmond
Medium
17
23%
meeting
Analysis shows target for
improvement.
Split Renton into "Renton" and
"Renton Highlands" during 2/23 IBTF
Renton
Medium
17
2%
meeting
Split Renton into "Renton" and
"Renton Highlands" during 2/23 IBTF
Renton Highlands
Low
12
93%
meeting
Sammamish
Low
12
99%
Split SeaTac into "City of SeaTac"
and "SeaTac Airport" during 2/23
SeaTac Airport
Medium
17
86%
IBTF meeting
Shoreline
Medium
17
98%
Snoqualmie
Low
12
100%
Snoqualmie Ridge
Low
12
100%
South Lake Union
High
23
6%
Totem Lake
Medium
17
12%
Tukwila/Interurban
Medium
17
8%
Added during 2/23 IBTF meeting
University of Washington High
23
4%
Added during 2/23 IBTF meeting
Vashon
Low
12
99%
Split Redmond into "Redmond" and
"Willow Road" during 2/23 IBTF
Willows Road
Low
12
100%
meeting
Woodinville
Medium
17
83%
Polygon Targeted for Improved In-Building Coverage Analysis
Polygon to be removed from in-building coverage analysis, based on existing PSERN coverage.
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APPENDIX E – IBTF Individual Buildings

The list of individual buildings has been provided in a spreadsheet format due to the size
of the tables and is available upon request.

PSERN – Analysis of in-building radio coverage requirements

E1

APPENDIX F – System Coverage Matrix
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Addition IBTF Research on other in-building coverage requirements
Jurisdiction

Low Density

Medium Density

High Density

Athens/Clarke County Georgia
Bay County Florida
Broward County Florida
Butler County Pennsylvania
Garland/Mesquite, Texas
Hialeah, Florida
Houston, Texas
McPherson County Kansas

15
15
20
12
20
25
10
15

15
20
20
20
20
25
20
15

20
30
24
20
20
25
30
15

Memphis/Shelby County Tennessee

20

20

20

Norman, Oklahoma

20

20

20

Northern Kentucky (Boone, Campbell, and Kenton Counties)

8

10

15

N/A

10

20

10
0
15
8
15
8
12
12

20
10
15
15
15
8
12
17

20
20
15

N/A
N/A
4
N/A

11
N/A
14.6
11

20
N/A
18
20

Palm Beach County, Florida (pub safety mic w/antenna)
Riverside, California
Rockwall County, Texas
Saint John’s County Florida
Sheboygan, Wisconsin
Shreveport, Louisiana
State of Illinois (STARCOM21)
State of Maryland
US FEMA Recommendations
Spokane
Pierce
Maui
SERS
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15
8
24
23

APPENDIX G - Other Data Sets Considered

The following additional data sets that were reviewed while creating polygons in King
County. These datasets were useful for the analysis, but ultimately not included in the
analysis since they were either redundant (in the case of Urban Growth Area),
homogeneously distributed (in the case of schools), or not readily available countywide
(in the case of Seattle Building Classifications). Since the datasets were not included in
the analysis the samplings are not consistent and are only provided to demonstrate the
variability of the data considered for the analyses.
•
•
•
•
•
•
•
•
•

King County Urban Growth Boundary
Fire Stations in King County
Police Stations in King County
Hospitals in King County
Schools in King County
City of Seattle Building Construction Type for Fire Department
IBTF generated list of specific buildings with known coverage issues today (Hard to Hit)
IBTF generated list of specific buildings considered critical for agency operations (Critical
Areas)
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APPENDIX H – IBTF Members
In-Building Task Force Members (as of 1/10/18)
Task Force Members:
Task Force Members:
Name

Board Position

Andrew Johnson

Co-Chair voting
member

Kimberly Nuber
Spencer Bahner

Co-Chair
Non-voting
Voting member

Angee Bunk

Voting member

Scott Hatfield

Voting
member

Sheriff Johanknecht

Voting member

Dino Lamanna

Voting member

Captain Chris Lombard Voting member

Anthony Minor

Voting member

Hai Phung

Non-voting

Karen Stewart

Voting member

Agency / Role / Geo Area
Represented
PSAPs-NORCOM
Dispatch
East KC
PSERN Project
City of Seattle
Technical
West KC
ValleyCom
Operations
South KC
EPSCA
Technical
East KC
King County
Operations
Countywide
ValleyCom
technical
South KC
City of Seattle
Operations
First responders
West KC
King County
Technical
Countywide
PSERN Project
Fire marshal
South KC
Valley Regional Fire Authority
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APPENDIX I – Test Procedures
Recommended test procedures will be provided as a separate deliverable.
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APPENDIX J – Cost Analysis Spreadsheet
Cost analysis spreadsheets and assumptions have been provided electronically and are available upon
request.
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APPENDIX K – Technical Criteria Summary
A) Portable Receiver Configuration (TSB-88.1-D, pg. 75,148-151)
• Portable radio (Motorola APX)
• On-hip w/ swivel case
• Non-public safety speaker mic
• Round trip (i.e.- worst case scenario for uplink and downlink paths)
• Delivered Audio Quality (DAQ) 3.4
• 97% Coverage Reliability (or equivalent contour reliability)
• Half-wave whip antenna (0 dBd nominal)
B) Additional building penetration loss value to be applied

Building Area Category

Additive Building Loss Values

Low density

12 dB

Medium density

17 dB

High density

23 dB

C) Percentage of area covered
• Each polygon identified below shall be have coverage over a minimum of two-thirds
of the total area with the appropriate additive building loss value.
D) Defined in-building coverage areas
• High-Density Commercial Development Areas
1. Downtown Seattle
2. Downtown Bellevue
• Medium-Density Commercial Development Areas
1. Ballard
2. Seattle Industrial
3. South Lake Union
4. Kent/RentonValley
5. Renton
6. Boeing Field
7. Pioneer Square/Stadiums
8. Auburn
9. Totem Lake
10. Factoria/Eastgate
11. Microsoft
12. University of Washington
• Low-Density Commercial Development Areas
1. Overlake
2. Kirkland
3. Redmond
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4. City of SeaTac
5. Issaquah
6. Covington
E) Definitions of polygons
• ESRI file of the following polygons will be provided upon request
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April 27, 2018

Introduction
This is a review draft of the Valley Communications Center Strategic Plan. It is the product of six months of work by Valley Communications Center staff and its partners. It’s Vision, Mission, and Guiding Principles were adopted by the Admin Board in January 2018.
Since then, four work groups have been assisting in the development of strategic goals and objectives, they are: Governance, Work
Place Culture & Operations, Service Priorities, and Technology. Each work group has a variety of VCC staff as well as external partners
participating. Participation has been strong.
All four of these groups have met several times to consider the strategic questions developed during the Scoping Phase, come to agreement on high-level goals for their content area, and to discuss the implications these goals would have for the organization. The Strategic Plan draft that follows offers a consolidated product of all four work groups to date, as well as feedback and more detail from the
Valley Communications Center Management Team.
This is a draft of the Strategic Plan and has been prepared in order to frame further conversations. The next steps are as follows:
ü Each of the work groups will review this draft and offer their feedback at their fourth meetings between 4/23 – 4/25
ü The VCC Strategic Plan Steering Committee will review this draft (with comments from the work groups) and offer feedback
and direction at their meeting on 4/26.
ü The VCC Operations Board will review this draft at their regular meeting on 4/26
• The VCC Admin Board will review and discuss a new draft of the strategic plan which incorporates feedback from the meetings
above at their meeting on 5/4.
• The VCC Employee Sounding Board will review a draft of the strategic plan at their meeting on 5/14
• The VCC Admin Board and subset of the Ops Board will have a joint meeting to discuss governance representation (TBS)
• The VCC Admin Board will review the next iteration of this plan and provide their approval at their meeting on 6/1
• Implementation work groups will meet to create more detailed action plans for each of the approved objectives 6/2-8/31
Note: This is a draft of the strategic plan subject to input described above; however, especially consequential decision points in need of
discussion and direction by the VCC Admin and Ops Boards have been highlighted throughout this document in yellow.
BDS Planning & Urban Design
1932 1st Avenue, Suite 500
Seattle, Washington 98101

206.971.6030
www.bdsplanning.com

VCC STRATEGIC PLAN DRAFT

4/27/18

Our Vision

An industry-leading regional public safety hub, Valley Communications Center is a team of dedicated public safety professionals
working together to provide our community with responsive and coordinated emergency and essential services.

Our Mission
Valley Communications Center saves lives by assessing, translating, and routing information efficiently, accurately, and rapidly.

Critical Functions
Emergency Communication
•
•
•

911 & 10-digit call-taking
Police, Fire, & Medical Dispatching
Radio

Communications Infrastructure
•

Technology Support

Coordinating with Partner Agencies
•
•
•

Paging (Context for Emergency Responders)
Computer-Aided Dispatch (Internal, In-station support, Mobile Data
Computer, Record Management System)
Internal/External Business Calls

Organization Guiding Principles
Reliability.

We are always there when you need us.

Transparency.

We are direct and clear in all our decision-making and communication.

Compassion.

We look out and care for the public and each other with genuine concern.

Accountability.

We are responsible and respectful stewards of the contracts and expectations of our partners and the public.

Teamwork.

We foster understanding, support, collaboration, and professionalism across our organization.

Continuous
Improvement.

We will constantly improve and innovate our services by regularly reviewing performance and investing in our staff.
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Organizational Commitments for 2018/19

In addition to our dedication to the Vision, Mission, and Guiding Principles, Valley Communications Center makes the following
near-term commitments to one another:
•
•
•

Managers commit to seeking appropriate staffing and resources for the center.
Supervisors commit to being compassionate about team member needs.
Com Room and Admin Staff commit to helping build trust throughout the center by assuming best intentions of colleagues.

Valley Communications Center Technology & Service Principles

The following principles have been identified to assist the organization in the future evaluation and adoption (or retirement) of services or technologies.
Mission Alignment

A service or technological solution must address the needs of an identified VCC line of business. If it does
not, we must ask “what problem are we trying to solve?” and “How will this help us to achieve our vision in the context of our mission?”

User Experience

Our solutions must always strive to make the jobs of our communications staff and field more efficient
and regionally collaborative. This means being flexible and adaptive to changes in needs.

Security

All systems and solutions will need to meet the minimum level of security defined.

Cost Effectiveness

Financial decisions should be based on the most cost-effective solutions consistent with documented
needs.
We should pursue services that we can deliver and operationally support within current VCC resources
(systems, hardware, and personnel); while also anticipating the need for corresponding future resources.

Capacity & Scalability
Availability & Accessibility

Solutions should be available at all times without service interruption.

Enterprise

Software and hardware should conform to defined standards that promote the interoperability and sharing of data, applications, and technology. This means a vendor-agnostic approach.

Convergence

We should converge toward common solutions, approaches, and standards.

Public Access

Proactively share data with the public while also protecting the privacy of sensitive information.
3

VCC STRATEGIC PLAN DRAFT

4/27/18

Strategic Goals & Objectives

The following six goals were identified by the work groups through facilitated discussion. Each work group also discussed the implications that having these goals would have for Valley Communications as an organization. These implications have helped to form the
basis for some more specific draft objectives written by BDS Planning and detailed below each of the goals.
1) Valley Communications Center will be a leader in public safety governance and communication.
#1a – Public Presence
Deploy a Public Outreach Team led by a designated Public Outreach Officer and staffed by both Admin and OperWhat
ations employees to conduct public education about VCC’s operations in coordination with the KC E-911 Office.

How

Phased approach using Admin staff first and then eventually Operations staff. Early efforts can leverage existing
outreach infrastructure of VCC’s public safety partners.

Why

Educate the public about VCC’s Mission; Put a human face to VCC’s work; Improve staff recognition; Employee
Development and morale

When

Ongoing

Tracking

Analytics through social media; analyzing call volumes; recruitment efforts; track and communicate outreach
efforts (increase by 5% annually)

#1b – Regional Collaboration
Robust participation in regional meetings by representing VCC and sharing decision points and opportunities for
What
feedback with staff

How

Must identify which issues are strictly Management decisions that should be communicated to staff vs. issues
that require input and feedback center-wide

Why

Proactively represent VCC’s interests with regional partners; close the information loop with staff

When

Ongoing

Tracking

Number of regional meetings attended, such as E-911 Regional Advisory Governance Board, King County Fire &
Police Chief Associations and EMS Advisory Committee, and communications with staff (see #2c below)
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#1c – Governance Representation
What
Adjust formal representation of Fire and Medic One on Admin and Ops Boards

How

TBD – Admin and Ops Board Decision

Why

Strategic alignment of VCC’s public safety customers and representation

When

Initial Direction May/June 2018

2) Valley Communications Center will build trust & team-building amongst staff.
#2a – Staff Recognition
An actively managed and meaningful program of formal and informal positive communication recognizing staff
What
who are exemplifying the organization’s Guiding Principles

How

Restructure existing Recognition Committee; with participation from staff at all levels in the organization

Why

Improve staff morale and counteract a culture of negative reinforcement

When

Monthly; recurring

Tracking

Annual Employee satisfaction survey

#2b – Shift Structure
What
In conjunction with the adjustment to level of staffing (see #3c below), adapt Com Room shift structure to facilitate team building and cohesiveness with supervisors and a full team of call receivers and dispatchers.

How

Through collective bargaining

Why

Foster regular teambuilding for shift staff who work together and allow supervisors time to build relationships
with their team in person

Time bound

End of 2018

Tracking

TBD

#2c – Quarterly Management Briefings
What
Management Team representatives to provide briefings on major initiatives and to solicit feedback at the quarterly Continuing Education trainings

How

Incorporate into regularly scheduled Continuing Education trainings.
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Why

Improve direct, face-to-face communication and transparency between Management and Com Room staff

When

Quarterly; recurring

Tracking

At least 4 briefings annually

#2d – One-on-One Supervisory Check-Ins
What
Supervisors will be supported to engage each member of their team in brief 15-30 minute one-on-one check-ins at
least once per quarter.

How

Flexibly scheduled based on staff availability

Why

Improve direct, face-to-face communication and working relationships between supervisors and Com Room staff

When

Minimum quarterly; recurring

Tracking

At least 4 check-ins per staff member annually

3) Valley Communications Center’s support & resources for staff will solidify the center’s reputation as an industry
leader.
#3a – Staff Wellness Program
Increase utilization of health and wellness programs for actively monitoring, assessing, and improving employee
What
wellbeing and satisfaction

How

Centrally manage, augment and clearly communicate the programs that already exist for mental health counseling, incentivizing healthy choices, stress management, and other benefits. Investigate IAFF/IAFC Joint Wellness
and Fitness Program.

Why

Identified need to care for staff needs as a core service of the center

When

Ongoing; Annual progress check

Tracking

Increase utilization rates by 10% with employees by end of 2019
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#3b – Internal Communication Platform
What
Streamline the online processes for accessing and searching shared reference documents (e.g. Standard Operating
Procedure & Training Manual), as well as communicating with one another—the objective is to limit the number
of places a VCC employee must look for continually updated documents.

How

Work on SharePoint platform underway/features and capabilities of Power DMS should be evaluated; must have
staff input on development of features and functions

Why

Streamline access and make documentation more consistent; reduce administrative burden and inefficiencies of
tracking down information

When

Deployment date - TBD

Tracking

TBD- reduce document confusion and number of log-ins

#3c – Level of Staffing
In coordination with efficiencies gained from evolution of shift structure (#2b above), seek to bring CommunicaWhat
tion Center minimum staffing levels into alignment with national standards as recommended by RETAINS model

How

TBD – Admin and Ops Board Decision

Why

Address widely held feeling in the Center that staffing levels have not kept pace with Center’s growth and are leading to significant staff burnout

When

TBD

Tracking

Overtime usage by hours; Improvement of call answering standards

#3d – Training Department
What
Evaluate and reorganize training department, provide more resources and oversight in the training of Communication Training Officers in order to increase consistency of CTO performance

How

Build on existing SWOT analysis of Training Department, engage outside expertise to conduct evaluation

Why

Address desire for improved and more consistency in training

When

End of 2018

Tracking

Mandatory peer review of CTOs
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4) Valley Communications Center will align its services with current capacity and future capability.
#4a – Operational Efficiencies
What
Identify critical operational efficiencies—these might include: opportunities to streamline procedural work
flow/call requirements (i.e. lines of questions and type codes) for com room staff and scheduling processes for supervisors

How

Conduct a Strengths, Weaknesses, Opportunities, Threats (SWOT) analysis of Center operations; Work closely and
collaboratively with partners to identify areas ripe for reform

Why

Help to maximize existing human resources; address staff frustrations around lines of questioning and systems
that are perceived to be more onerous than comparable agencies

When

First changes implemented by end of 2019; recurring

Tracking

Reduce the total number of required questions on calls; staff hours expended on scheduling.

5) Valley Communications Center will lead through strategic foresight in evaluating new technologies and services.
#5a – Research & Development
What
Convene a standing Service Advisory Committee consisting of VCC and partner employees to explore, discuss, and
evaluate (using work group principles) emerging technologies and services to allow VCC to get ahead of its customers: activities might include: visiting peer centers, attending industry shows, talking to external vendors

How

Start with revamped and augmented Advisory Committee on Technology group; would need strong support from
IT Directors of partners; agreement and expectations about participation

Why

Enable VCC to lead through cutting edge awareness of emergent issues; avoid a more responsive posture

When

Establish and convene by end of 2018

Tracking

Issue reports quarterly to inform VCC’s long-term strategy
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6) Valley Communications Center will improve data management, collaboration & access.
#6a – Data Management Policy & Implementation
What
Create a data management and access policy that clarifies procedures for interlocal sharing; Build a central collaboration platform and toolset for partner agencies to use

How

TBD

Why

Establish agreement amongst regional partners about what data may be shared and how; Facilitate the efficient
transfer of public safety information amongst regional partners in accordance with the policy

When

TBD

Tracking

TBD

#6b – Public Access
What
Expand VCC’s online records to make data more available to the public.

How

Model after City of Seattle PSAP

Why

Democratize data access

When

TBD

Tracking

TBD – Number of records available online; web traffic to portal
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MEETING MINUTES
MEETING:
LOCATION:
DATE:

Valley Communications Center (VCC) Operating Board
VCC Board Room
Thursday, April 26, 2018

MEMBERS:

Chairperson Hwang, Federal Way Police
Chief Thomas, Kent Police
Administrator Robertson, VRFA
Chief Calkins, Pacific Police (Contract Police Agency Rep)
Chief Marshall, Renton RFA
Chief Lee, Auburn Police
Chief Linton, Tukwila Police
Chief Milosevich, Renton Police
Chief Morris, Puget Sound RFA
Chief Church, South King Fire & Rescue

ABSENT:

Chief Wittwer, Tukwila Fire

VISITORS:

Sgt. Shook, King County ARFF
Deputy Chief Jeff Didonato, Maple Valley Fire Life & Safety
Kimberly Nuber, PSERN
Gabriel Silberblatt, BDS Planning & Design
Brian Scott, BDS Planning & Design
Division Chief Cloyd, King County Medic One
Chief Krimmert, Vashon Fire
Deputy Chief Barlow, Mountain View Fire & Rescue

VCC STAFF:

Lora Ueland, Executive Director
Vonnie Mayer, Deputy Director
Mary Sue Robey, Administrative Services Manager
Tatyana Bogush-Stakhov, Finance Manager
Angee Bunk, Operations Manager
Kristin Meitzler, Technical Services Manager
Karen Hanson, Training Manager
Sean Morrow, Human Resources Manager
Tracy Fitzgerald, Administrative Services Assistant
Denese Moore, Supervisor II
Justina Hanquet, Training Assistant

Welcome and Introductions. Chief Hwang called the meeting to order at 0930 welcoming all.
Introductions were made around the room.
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Changes to Agenda. Chief Morris requested Item 5A Table Command to be tabled for the May
17, 2018 meeting.
Recognition. Executive Director Ueland thanked VCC Training Assistant Justina Hanquet for
her efforts in achieving re-accreditation of APCO’s Project 33.
She also thanked Administrative Assistant Tracy Fitzgerald for her work planning and
coordinating a successful Telecommunicator Week.
Deputy Director Mayer recognized Kathy Stevens for her 20 years of dedicated service to VCC.
She also recognized recipients of KC EMS awards – Holly Morgan for Sustained Performance
and Christine Cox for Handling of a Critical Incident.
Report from Chair. Chief Hwang congratulated Auburn Police Chief Bob Lee on his upcoming
retirement after 37 years of service.
Report from any Member. None.
Report from Executive Director.
Strategic Planning. BDS Planning Principal Brian Scott and Project Manager Gabriel Silberblatt
provided an update on the planning phase of the strategic plan. All four workgroups which
included external and internal partners have held several meetings and are nearing the
completion of the planning phase.
During the VCC Strategic Planning process, there have been several conversations regarding
the current composition of the Admin Board relative to the representation of regional fire
authorities. In addition, the same question was raised regarding the Ops Board and Medic One
representation. BDS will facilitate a future meeting with both Boards to either confirm status quo
or determine what adjustments are appropriate.
PSERN Update. Director Ueland introduced Kimberly Nuber, Division Deputy Director of the
PSERN project. Ms. Nuber will be attending future Ops board meetings providing status briefings
and answering questions directly. This will be a standing agenda report.
VCC Project Updates.
DOL Photo Project. Director Ueland opened the floor for any questions or discussion on the
DOL photo informational packet. There was none.
Next Gen Notification (Paging). There were not any questions or comments regarding the Next
Generation Paging information packet.
Tiburon CAD Upgrade. VCC is currently working with Tri-Tech to schedule the resources on
their side. Both the MobileCOM upgrade and Closest Unit Dispatch project are dependent on this
version upgrade being completed.
Zone 3 Ops Chiefs Decisions (Info Only) The Ops board approved giving Zone 3 Ops Chiefs
the authority to change run cards last year. The two memos regarding Flammable Liquid Fire
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response and Mobile Command Unit Designation are included in the packet to keep the Ops
board informed. There were no questions or comments regarding these packets.
Action Items:
Fire Type Code Elimination. Chief Church motioned to eliminate type code FOREST and
associated procedures and update existing brush fire protocol. Chief Thomas seconded. Motion
approved.
PD Type Code Elimination. Chief Thomas moved to eliminate type codes HZTHRT and HZSUB.
Chief Lee seconded. Motion approved.
MobileCOM Upgrade/Closest Unit Dispatch Priority Decision. Chief Church moved to accept
the recommendation that VCC work to implement the MobileCOM upgrade before Closest Unit
Dispatch. Chief Robertson seconded. Motion approved.
Approval of Meeting Minutes. Chief Robertson moved to approve the January 18, 2018 and
February 22, 2018 meeting minutes. Chief Linton seconded the motion. Motion approved.
Voucher and Payroll Approval. Claims check numbers 28335 through 28423 in the amount of
$489,841.55 for the period of 01/12/2018 through 02/08/2018. E-Pay numbers 2017-116 through
2018-011 in the amount of $551,458.08 for the period of 12/28/2017 through 01/26/2018. Payroll
in the amount of $849,359.40 for the period of 01/01/2017 through 01/31/2018. Chief Robertson
moved to approve the vouchers as presented by Chief Thomas. Chief Church seconded the
motion. Motion approved.
Claims check numbers 28424 through 28576 in the amount of $766,893.60 for the period of
02/09/2018 through 04/17/2018.Voided check number 28442. E-Pay numbers 2018-012 through
2018-038 in the amount of $1,085,531.42 for the period of 01/27/2018 through 04/13/2018.
Payroll in the amount of $1,971,315.80 for the period of 02/01/2018 through 04/15/2018. Chief
Robertson moved to approve the vouchers as presented by Chief Thomas. Chief Morris
seconded the motion. Motion approved.
Good of the Order.
The next scheduled meeting of the Operating Board is May 17, 2018.
With no further business, Chief Hwang adjourned the meeting at 1035 hours.

Respectfully Submitted,
Tracy Fitzgerald
Administrative Services Assistant
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