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A8

vendor communilies, with objective of identilying and deploying the appropriate soiutions to
mesal Interoperability requirements.

Dovices

Delivery of user devices for Public 5alety broadband agencies will be driven by lhe availability
of an LTE chipset that suppons stendard 3GPP besaband pretacols and RF operalion in the 14
MHz of Public Salety specirum (763 MHz lo 768 MH2 lower and T93MHz to 798 MHz upper).
All devicas will adhere to the 3GPP Release B air interece specification and lhe racommended
out of bend emissions (OOBE) as specified in the waiver order, as well as axisting COBE
requirements to protecl Public Safety namewbend voice services in lhe T00MH2 spectrum. The
lollowing are the user devices intended for eedy deploymenl Public Safety LTE natworks:

USB-Dongle

initial trial and early deployment networks will be supporied by a US8-dongle device suitable for
axtemal connection lo a host personal compuler. A broad range of Public Safely legacy IF dala
applications including Inlermet, Mobile VPN, CAD, mobile office, texl massaging, locelion,
fookups, and records will bé supporded as well as uplink and downlink slreaming wideo. The
formn facior of this device will follow commercial industry norms and be conducive lo romadic
PC usa bolh in and out of the vehicle.

The USB-dongle will supporl the 3GPP Release 8 slandard interface Lo lha LTE RAN, and
operale as a 3GPP Power Class 3 device. The USB-dongle will be able to roam to ather
regioral Public Safety LTE. Due Io Ihe physical size of lhe USB-dongle devicas, he benefits
due lo 2X2 MIMO downlink will be liritad

Vehlcle Modem

The vehicle modem is an essenlial component for vehicle-based first responders and |aw
anforcemanl officers in eilher urban/suburban or mrai anvironments. [t will supporl the 3GPP
Release 8 slandard inlerface to the LTE RAN, nominally es e 3GPP Power Class 3 device, and
polanlially al kigher power levels, depending on linal FCC rules relsting lo inlerference
protection, and ERIC’s andorsemenl. The vahicle madem, equipped with a set of exiemnal high
gain amni-directional MIMO enlernnas, offers improved link budget and throughpul pedormance
compdred 9 embedded PC or dongle solulions and is key to extending per sile coyverage range,
particularly in rural environmenls. The vehicle modem will ba able (0 roam to olher regional
Public Safety LTE networks.

The vehicle modem will be suitably ruggsd for cab or frunk vehicte mounting and support
Elhernel-besed wired compulers end peripherals, as well as internal GPS capability. A braad
range of Public Safaty legacy IP data applicalions including Internet, Mobile VPN, CAD. mobile
office. texl messeging, localion. lookups, end records will be supported as well as uplink and
downlink streaming video from the vehicle.

The vehicle modem is intended to be maneged remelely and upgradable over lhe gir via
standard meens such a5 OMA-DM.

Smartphone

A handheld device |hat operales on the PSST spectrum and serves as bolh e data and phone
device is imporanl o eerly Public Salaty LTE deployments, parliculerly in urban/suburben
environments where on-slreel or in-building porlable coverege is provided. Il will supparl he
AGPP Relarse 8 standard inlerface tothe LTE RAN as a 3GPP Power Class 3 device, with
inlermnal MIMO entennas. The smariphone will be eble to roam to other regional Public Sefely
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LTE networks. The smariphone will have lhe capability of alse raming lo a commercial
network for dala and lelephony services as a backup to Public Safety LTE services.

A broad range of Public Salety legacy IP dala applications including Intermel, Mobile VPN, CAD,
mebila offlice, text messaging, locelion, lookups, and records will be supporied as well as uplink
end downlink streaming vidac. The smeriphone will be eble lo supporl VolP services such as
commercial PTT and telephony on tha PS LTE nelwork, as well as lagacy circuit swilched
lelephony. The devica will be of a form factor suitablae for bell or pockel, wilh user ergononics
as driven by lhe commercial market, bul suitable for Public Salety usa in a range of indoor and
outdoor environments. Standard commercial capabilities such as a high resolution camera,
GPS, Bluetoolh, and WLAN will be supporied.

The smariphone is inlended lo be managed remolely end upgradable over lhe air via slanderd
means such as OCMA-DM.

B. Applications

B.1

The FCC has idenlified in their 10-79 order a list of minimum waiver applicalions potenlial
waiver grantees must support. These applications provida the foundation for meaningful
nalionwide inleroperability. This section will demonslrale how lhe waiver syslemn will suppaorl
these applications.

Internet Access

Today, responders typically utilize their vehicle-docked Mobile Data Terminal {i.e. ruggedized
laplop) lo access Lhe Inlernel over a secure VPN to lhair home agancy Inlranet. The
responder's vehicle lypically conlains a 3G commercial cellular modem. In lhis usage model, a
public selely responder “looks” like 2 mabile enlerprise employes. An IT adiministrator from (he
agency facilitales the {MWPN solulion used in the vehicle and provides an agency Inlranel. Like
carporations, the agency Intrensel contains valuable dala and resources necessary for
responders lo do Lheir job (as does |he grealer Intemel). Also, the IT administrator:

= eslablishes policies as to which Intemet siles may and may not be accessed
» logs responder activilies on the [nlerned
= provides virus/firewall proteclion

As a technology, LTE provides 2 methods to access the Internel: (1) by the responder's home
systam (i.e. home rouled traflic} and (2} by the roamed-lo {visiled} syslem {i.e. locel breakoul).
The UE selects an access poinl name {APN) identilier and the EPLC delemmines whether the
AFPMN is for home routed or [ocal bragkoul traffic. The eystem ie configured to provide Internet
Access by first accessing the responder’'s home system {i.e. Interet/Intraned traffic is
home-rouled). This will allow the hoine agency to continue to support ihe above enterprise
bullet points. This is accomplished by eilher adjusting ihe delaull APN in lhe responder's HSS
record or by requirtng Lhe responder's home APN (o be programmed into lhe device {and used
dunng atlachmenl).

Serving the Internel from a home APN lessens the need [or addilional APNs on the device.
Each edditional APN may imply lhe device connects lo more and more nelwork segmenls (and
subsequently hes multiple IP eddresses); increasing complexily and security risks at lhe device.
Therefore, home-rouled Internet Access reduces the need for a “local APN™ while reaming and
improves secunty on lhe device.

If the responder's device is allowed lo direclly access he Inlemet [rom lhe visiled syslemn, il
bypasses home agency logging, web-site palicy, and firewall protections. This would be very
hammnlul to public salsly.
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B.2

VPN Access to Any Authorized Site and to Home Networks

B.3

The FCC has identified roaming onto commercial networks as an essential component for public
safety to obtain lhe bandwidlh il needs in & crisis. Furlher, conneclion o lhe commercial
operator may likely lraversa e roaming clearinghouse. In some cases, even lhe Inlemel may be
used to cammy public safety responder {raffic whilsl nsaming. For these reasons, public salety
should not expose conlmol or media Iraflic o lhessa unlrusted nebworks. A secure VPN or MVYPN
Is provided for confidentlality and integrity of the responder's UE trafflc. If utilized, a
matching device client may be necessary. A dedicaled {M)VYPN server may also be reguired and
may be deployed with the EPC or agency, as lhe regional syslem diclales.

In eddilion lo Ihe descriplion provided in lhe previous Inlemel Access seclion, it is imporant lo
note NPSTC's recommendetion for WPN access cited secure access to public safety databases
end egency reporting by way of lhe responder's horme syslem.

Status/information “Homepage”

The Stalus/Information Homepage (3IH) builds upon the two previous features. Access to the
local SIH will be provided by way of Internet Access from the home system (see reasoning
in section B.1}). Because the content of this web page is sensilive, it must be protected as it
Iraverses un-lrusled networks (see reasoning in seclion B.2).

The 51IH is envisioned to provide home end roaming responders with incidenl-specilic
information, alerts, system status, weather, traffic, and other information. This information may
come rom Compuler-Aided Dispatch (CAD) lerminals, responders, orin the lutura the NG311
ESInet.

Because rouling to lhe UE's home system is assumed for Intemet access 1he following
fechnigques may be ulilized lo oblain sccess to a visiled system's SIH:

« Explicit Addressing
The responder explicilly enlers lhe URL {e.g. hifps:#publicsalaty. bignel.gov) ol the
region they wish to connect with into their web-browser or selects from a pre-populated
lisl of URLs in the browser. Although lhis requires responders (0 know the URLs, or the
correct URL to choose, for the systems they wish to oblain information from, it is the
mosl straighl-lorwerd epproach. Addilicnally, 8 well-known national URL could be
provided which contains links to all regional SIHs.
= Location Mapping
Responders atlempl to access a well known URL and the home syslem usas localion
services lo redirect he raquesl to the sarving region's SiH. This melhod would require
some form of user location informatiort, such as GPS coordinales or serving cell ID, lo
be provided to the homa system. This also requires a supporting directory senvice which
maps user localion lo stalus home page address.
For initial deployments, the Explicit Addressing method is utilized until further
standardization or policy definltion is provided.,

Because the SIH will contain sensilive information and be accessed by many different
reeponders {end roaming responders), role-based suthorizations sre necessary to protect
SIH comtent. Because it is impractical for every 5IH to contain subscription and aulhorization
informalion for every public safety device in the U.S., a melhod is necessary to provide
federated idenlity management lo & SIH server in a visiled syslem. The visiling responder's
authenticated role must be known by the visited SIH and only information the responder is
aulhorized lor (besed on role) should be prasenled. One such widely-adopled technigue for
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B.4

providing federated idenlity managemenl ia the Security Association Markup Language (SAML)
lramewark.

Access to Rasponders Under the Incident Command System

B.5

Tha National Incident Command System (NIMS) has definad the Incident Cornmand System
{ICS) to help quickly caordinale and organize mulual aid situations for typically large incidenls.
ICS offers many benefils including a command and control struclure, common vocabulary,
slaging, incident action plan, and integraled communicalions.

Application servers used for Mutual Aid may be deployed in a varety of ways:

by lhe region requesting mutual aid assislance

by a hosting entily

on lhe Inlernel

» by an on-scense command vehicle (see sedion 4.3)

Regardless of deploymenl, applications used lor IC5 access (such as an ICS server or mulusl
aid communicalions service) must be accessible by bolh home end roeming UES in the public
salely ragion where the incident is taking place. |t may also be nacessary for responders
oulside the incidenl region 1o accass the Mutual Aid applicelipn(s). This requires lhe public
salely ragion to support an IP plan with routa-abilily between |hese different application
deploymenls and homefroaming devices. Techniques thal will be required lo support Lhis
include:

« Stalic IP addresses « ONS
s NAT/MAPT + |Pvdv§ lranslalion

Field-Based Server Applications

Public selaly loday will deploy “command vans” and other laclical maobile wehicles lo address
specialized incidents, such as hurricanes. Typically, Lhese vehicles use cellular technology as
lhe “last mile” for an application server co-resident in the command van. Similarly, the LTE air
interface will serve as “last mile" for fiald-based application servers (bolh fixed and maobile
Bpplications).

These ppplication servers musl be accessible by:

» responders homed to the same public salely region as deploying lhe applicalion
» roamers in lhe same public safely region as deploying the application
» responders homed in olher public safely regions or carriers

+ Inlgrnal users with authorization

In grdar to achieve lhis, il is anlicipated one or more LTE modems will exisl in lhe command
van. From LTE's perspective, each modem will be trealed as a UE {i.&. will have an IMSI, be
authaenlicaled, elc.), however HSS configuration will allocate the LTE modem & slalic IP address
part of a well-known lacal APN in Lhe ragion). In order lo be Inlemet-visible, this static IP
address will have lo be NATed to the larger Internel and Intlemet-visible DNS records musl be
creeted. In lieu of praviding a slalic {P address for the command van modem, it is alse possibla
to pravide a dynamic IP address and utilize a dynamic DNS service {wheraby lhe dynamic
address is direclly or indireclly Intemet-roulabla). Such an approach may be more suilable for a
command ven lhal serves multiple regional syslems. Finally, proper PCC configuration will ba
necessary lo pravide suilable "last mile” QoS resources using the LTE afr inlerface.
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C. Reliability and Availability

C.A

The solulion provides lor high reliability and high availability for lhe following natwork
componanls:

+ Dala Center and NOC

+ LTE Enhanced Packet Care (EPC)

« Transport netwark

= Radio Access Neltwork (RAN)

« Mobile and parlable User Equipment
In addition, the solution also includes supporl for a MVYPN which enables mulliple access
lechnologies, such as WLAN, 2G, and commergial camrier 4G networks. Plaase rafer la seclion
A_4 for addilional information on tha MVYPN. The MVYPN provides an addilional level of disaster
rasilienca by virtue of access (0 lhose netwarks, in that if 2 network bacomes congested or gass
down, Public Safety usars will ba able lo oblain service on allemale surviving netwarks Lhrough
roaming agreements with the camiers. These agreemenls with the camers will add to the
reliability and availakility of the network. Due Lo Lhe [acl lhey will be two separate netwarks. We
alsa plan lo partner with 5an Anionio o fully backup our core far better reliability. We are
working on an agreement with the camiers that will allow us to maintain the same level or Qo5
while roaming onlo Ihe carrier nebworks. YWe believe this is ke way 1o make certain that wa
prolect our public salely officers and the public they protect.

Regional Data Center and Network Operations Center

In order lo mainlain seryvice availability, Ibe netwark has been designed wilh mulliple leyers of
redundancy and resiliency, Tha nelwork can be deployed such lhat module failures, node
l[ailures, and even failure ol an enlire dala cenler site will not degrade network sarvice
availability. The Regional Data Cenler and NOC can be deployed in a fully-redundant
configuralion, such lhal a calasbrophic fallure of a dala center location will not result in the loss
of critical functionality, since all operations and lratfic can be served by an allernale dala caenler.
One exampla of Ihis is 1hrough our partnership wilh San Anlanio who is cumenlly going through
lhe BTGP application process and has already received Lheir waiver. If awarded, lhaeir LTE
{EPC) will allow & redundancy level thal can easily accommaodate our combined LTE nebwork
infrastructure and clientele foolprint. Due 1o the facl thal they ara lurlher inland and will connecl
o us albng a major avacuation roule is an additionel benefil. This relalionship alsa allows far tha
possibilily ol using pre-existing dark fiber in the graund alang this major interstate for backhaul
and redundancy purpases.

Natwork elemenls are madular and lault talerant, praviding advenced high availability leaturas.
Tha high availability elements conlain intemally radundant components which include:

Redundanl data palh swilch fabrics

Radundanl conlrol palh swilch fabrics

Multiple powar supplies using separale power leeds and busas
Radundanl natwork processing modulas

Redundant application processor modules

Server redundancy is supported. In Lhe evenl ol a server failure, redundanl servar nodes are
invoked. High availability network elemenis include load balancing for application processing
modules. In tha event of a failura of a module, traffic will be dislribuled ovar Ihe remsining aclive
modules. Modules are hal sweppable, wilh repair and replacemenl taking place wilhout
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C.2

disruption of normal operalions. The re-initialion of the configuration and softwara lekes placa
upon replacement of tlhe madule prior te being placed into service.

Enhanced Packet Core

C.3

The EPC is comprised of the following standards-complianl network alaments:

Home Subscriber System (HSS)

Policy and Charging Rules Function (PCRF)
Serving Gateway {SGW)

Packet Data Gateway (FGW)

Mabiiity Management Entity {MME)

Element Managar System (EMS)

These componenls are inlernally redundant and designed to provide robusl hardware raligbilily
and service assurance. The solution is able to support EPC componanl ponling 1o achieve a
highly available and resilient syslem with disaster recavery capabililies. Operation and
mainlenance componenls can similary be deployed independently in redundant and
geographically diverse logations.

Transport Network

L D B B B N ]

Transport network resiliency is accomplished by enabling an IP mesh backbone network. As an
analogy. the public Intemal ie highly available dua lo inheranl mash and/or ring connection of
core routers, Additional resilience in the “last mile” links can be supported by deploying
redundanl links belween lhe backbone end lhe network sites. Ethernet switches which comprise
lhe ranspon nodes 2lso use redundant hardware wilh dual homed swilch porls. Failure of a
switch or oplical inlerlace medule will not resuit in tha loss of traffic low through the mission
critical cora. If any failures of swilches, links ar madules accur, traffic will be switched lo a
backup module or por. Intedace redundancy allows backup links and pars. In addition, Metro
fiber ings can be leveraged to connact the cell sites and data centers. Agency networks are
equipped with radundanl links to each of lhe dala centers. To lurthar assislin this araa we will
have a microwava backhaul system and possible partnerships wilh stele and commercial fiber
ownars, This added conneclivily will complete Ihe necessary resilience lor the scale of network
we are planning.

Radic Accesa Network

The network site civil (acililias ara construcled sccording to induslry besl practice slandards for:

Building constlruchion

Seismic robusiness

Fire suppression

Lightening and power surge prolection

Eleclramagnatic energy safaly and intarfarence manageinenl
Power Ltilily service interconnecl and backup power sources

The solulion includes sile hardening slandards which covar lhe dasign, construction. and
maintenanca aspects for each of these disciplines.

The solulion also leverages state-of-tha-ar system-on-chip (S0C) processors. These
processors enable an exponenliel reduclion of the number af chips and power consumption of
alectronic modules as compared to pravicus ganaration technologies. Aa a resull, Ihe Meen
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C.4

Time to Failure {MTTF} of electronic modules has increased significanily as compared to
previous generalion technelogies. This has enabled a reduction in lhe number of redundant
modules while mainlaining required levals ol servica availahility.

In addition, the solution will include support for Cells on Wheels {COWS) provide coveraga
replacemeant andfor additional site capacity. This approach requires manual transport of the
COWS to the lergel aree. Theralone, Lhis capebility is lergeled el plenned events and large-
scale incidenls.

Mobile and Portable User Equipment

The mobile and portable User Equipment (UE} are hardened in accordance with Public Safety
besl-practices. Generally. lhe eco-syslem lor LTE 700 MHz broedband Public Safety UE's is slill
emerging. However, we expecl that as the eco-system matures, a wide range of device
capabilities will be available to Public Safely markets, spanning low-and commercial grada
devices to high-end davices complianl wilh mililary-spacificetions.

D. Radio Frequency (RF) Engineering

D.1

RF sysiem pertormence leclors such as coverage foolprinl, throughput, and capacity depend
upon many differenl variables in RF dasign, including bul not limiled to tha number af users,
desired sile density, sysiem cost, lraffic model, etc. As such, these variables are interrelated, so
lhat changes in one vanable inevilably impact the clhers. The Hams County (BIGNET} syslem
is designed to support current users and applications in the most cost effective manner and the
design is scalable for fulure expension. The lollowing paragraphs describe the lools and
meihodology used in designing this network.

Radio Access Network Planning

D.1.1

The Harris County (BIGNET) RAN design leverages exiensive experience in modeling and
designing wireless packel data networks, as wall as exlensive experience in RF propagation
analysis.

The coverage prediction tools used in Lhis analysis follow a two step process. Firsl, an inilial RF
propagalion analysis of the service area is performed using known maodels such as Ckumura
wilh shadow loss and TSB-88 slalislical melhoeds to provide a highly religble predicilion of
coverage performance. Second, the tool performs a discrete event Monte Carle simulation to
madel Ihe LTE system based on current and luturs requirements. This delailed simulalion
characlerizes the system performance and interference analysis based on a particular number
ol users and a lraffic model. Coverage maps are based on {hese simulalion results, which
depict coverage at certain performance levels. Coverage maps for BIGMET including Harris
Counly's proposed LTE foolprinl and all partnering agencies are provided in Appendix E of this
document. Section D.1.4 of this document providas daiails of the raffic model used in our
simulalions.

RF Propagation analysis

The syslem is designed wilh coverage prediction tools, which were developed lo provide an
accurate prediction of radio coverage for a particular system by applying provan models 1o
detsiled system end environmentsl dala across large geographical areas.

The syslem factors analyzed in the coverage modsling include: frequency, dislange, transmitter
power, recaiver sensitivity, antenna haighl, and antenna gain. Ervironmenlal factors such as
lermain varialions, obslruclions, vegelation, buildings, ambienl naise, inleferenca, and land-use
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DA1.2

in general are also laken into consideralion lor lhe analysis, using the dats provided by
environmenlal and lopographical databases. Employing the knowledge gained lrom Motorota's
many years of practical experience and coverage tesling, these coverage designs are
performed by compuling coverage, and Llhroughpul on every lile in a defined sarvice area, lhus
providing the most accurate coverage prediction and raliability resulls.

MNetwork Capacity and Throughput Analysis

DA1.3

The dasign melhodology lor Ine network was inlendad lo maal, al a minimum, lhe curranl
requirements of Harris County (BIGNET) member agencies as defined in the Hamis County
{BIGNET) Requeast [or Informalion (RFI). Howavaer, il is recognizad thet over lime Hamis
County (BIGNET) member agencies will require a more bandwidlh inlensive lraffic model.
Further, some member agencias may choose to limit use of commercial cammier nelworks thus
changing the Irafflic modal of lha Harris Counly (BIGNET) LTE natwark. Wilh lhese goatls in
mind, the Harris County {BIGNET) LTE network is dasigned 1o camry a cerfain amount of lcad
par usar par busy hour as explained in lhe “Modealing Assumplions” saclion below. This
approach gives different Harris County (BIGNET) member agencies the Nexibilily to vary the mix
of application typas lhat conslilute this netwerk load par user. 1| elso allows lhe agencies lo
creale a pricritization scheme and standard operating procedures that govern lhe use of lixed
and shared rasources in lhe nabwork undar norme! end ainargancy condilions.

Scalabllity, expandability, and cost effective design

D.1.4

In any wirsless network, tha goals ol coverage and capacily are intertwined and inversely
proparfional. Keeping in mind Lhe conllicting needs ol a cosl efeclive design and high capacity,
lhe network design methodology allows Harris County (BIGNET) member agencies the use of
4G type broadband applications while al the same lime meximizing coveraga lrom lhe availabla
siles to ensure a cosl effective solulion. This approach anlicipates the currant capacity
requiremenls and ensures the akilily lo add further capacily wilh lhe addilion of sites in the
fulure. Harris Counly {BIGNET} anticipates the need for a larger numbar of sites ovar time to
support exlensive use of sireeming video. Our dasign offars a Nlexible approach starting with an
affordable network deployment oplimized for coverage wilh a plan lo build capacity as addilionel
lunding and capacity needs are idenlilied.

Modeling Assumptions

To dals imuch of Public Salelty wireless dala usage has been limiled to namowband networks
and few data poinls are aveilable Lo shed lighl on Public Safely usage on 4th gsnseralion
broadband nebyvorks. While commercial wireless data usage has been increasing significantly in
recenl years, lhe mare recenl widespread usa of smart phones has provided some insighls inlo
poleniial data consumption an 4th generation broadband nebworks.

In order {0 arrive al a suileble broadband network profile for Public Safety, Harris County
{BIGNET) made certain assumption for lrafiic usage in the soulh and east Texas regicn.

The following parameters were also used for this design:

+ 95% area reliability.

Coverage based on up lo 4 relries.

Mabile an street coverage using 23 dBm (200 mw) subscribers,

102 concurrenl users per seclor.

Average cell edge dala rates of 768 Kbps downlink and 200 Kbps uplink.
14.9 dB anlenna qain at lhe eNodeB.

* & & % B
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» Antennas heighls ranging lram 75 — 100 feel {unless required glherwise by lhe Herris
Counly {BIGNET) RFI}.
» Single Freguency Reuse of lhe 10 MHz PSST specirum in a 5+5 MHz configuralion.

A list ol iniliel plenned siles and coverage maps is provided in Appendix D of Lhis documenl.

D.2 Interference Coordination

The solulion will employ several techniques and feelures lo miligals inlerference among Band
14 eNB's within 2 region and with edjacenl regions. These fall into two general categories:
Netwark Plenning end eMNB Feetures. Nole that Network Planning technigues may ba epplied [0
aquipment from any vendor, and lhus should be the first line of delensa Irom en inlaroperability
paint af view. However, in a multi-vendor environmenl, eNB Features are dependent on vendor
suppart lor specific [ealures end compalibilily of the vendor implemenations in terms ol
slralegies and gptimizations as applied (o inlra-band inlerderence mitigation. Thus it is possible
thal vendors af adjacent regions will be required to optimize end/or adapl their eNB lealure
implementations for interferance miligalion compalibility. Below ara lechniquas and features
which may ke employed in the system:

D.2.1 Network Planning

LTE syslem capacily and coverage performance depend on interference |ave|s; therafare,
intarference miligation is @ primary objeclive of LTE RF system design. Several measures are
taken during lhe system design phase o mitigata interference including selecling appropriale
anlenna pattarng, adjusting the individual secter erlenna tills, and selacting oplima) sile
locations and sita saparalibn distances.

D.2.1.1 Site Separation

An LTE system can ba dasigred as ngise limitad or intarferance limiled, depending on lhe
separalion distance between silas. In Lhe case of a noise limited design, (he coverage boundary
is reached whan tha dasired signel level is wilhin a given threshold of the thermal noise ttoor. In
conlrest, when siles are daployed close logether in a geographicslly conliguous mannar,
performance becomes limiled by lhe cg-channe| inlerferenca as opposed to the thermaj noisa
Aoor. The sile separalion distance alsg depends on the propagalion envircnmenl and is
selected to ensure that all coverage and inledference requiremants are mel. Interferance is
attenualed more readily in environments whare ihe propagalion palh [oss slops is high and less
readily in environiments where the propagalion palh loss slope is low. The proposed vendor's
LTE design procedure and locls account far ihasa differences in propagalion environment s
wall as the noise limited versus inlerference limiled consideralions when determining the
optimal sila localions end separalion distances.

D.2.1.2 Antanna Down-tilt

Down-tilting is lhe method of effeclively adjusling Ihe vertical radialion patlern of Ihe antenne of
tha base staticn lo direct lhe main energy downwards and reduce |ha anargy direcled towards
the horizon. Down-tilting can be usad to improve the level of coverage closa to tha site where
"nulls” {2.g. coverage holes) may exisl dua lo lha affeclive heighl of the anlanna. Down-tilting
can also be used Lo reduce interference caused by refleclions ¢r undesired RF propegalion
beyond a predelamined footprint.

The final phase of the design process incorporalas furfher delail into Ihe design. This phase
may in¢lude such itemns as collecling dnva dala lo be used tq lune ar calibraie the propagation
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prediction model, and fine funing of parameter settings, such as antenna down-liting. This linal
design process is required in lhe deployment of a system. The main banafils of downlilling are:

s+ Conlrol range of site

« Reduce energy al tha horizan

» Maximize efleclive cavaraga claser to the site

» Reduce co-channel interference in adjacent sectors

The amount of down-lill depends cn Lhe height of the antenna above Lha ground, lhe
characlerislics of the 1lerrain, and the verlical beam-width of lhe antanne. The horizonlal antenna
beam width is selecled to ba narrow enough o limit nlederence between sectors yel wide
enough o ensure reliable coverage. The verlical anlenna beam widlh is selecled to balance
good coverage wilhin lhe serving seclor and inlerderence miligation to distant sectors. Anlenna
tilts are adjusled for each sector 1o oplimize coverage within Lhe serving seclor while affenualing
interference lo distant sectors.

D.2.2 aMNB Features

D.2.2,1 Statle ICIC:

Inter-cell Intederence Coordination {ICIC) is parf of lhe 3GPP standards. It is recognized as a
means lo improve coverage and edga of cell performance. This lealurs s inlended lo minimize
inter-cell interference by providing e fixed, slalic melhed of allocaling resource blocks between
calls within tha system. This melhod relies exclusively on informalion ¢ontained in each aNB,
and as such does not require the use of messaging across the X2 interference between eNBs
nor dees il require any kind of dynamic coordination between eNB scheduléer processes.
Anplher aspecl of this static ICIC method is suppart lar wideband and narrowband services by
allowing the indepandenl scheduler processes la allacate the entire channel bandwidth (all
resource blocks) i @ single user if needed. An important realization af the use of static ICIC
malhods is Ihal Ihe real-world traffic distribulions are highly non-uniform spélially and
lamporally. The stalic ICIC mathod takes advantage of lhis non-uniflorm, time varianl {raffic lo
provide maximur coverage and parfarmance for mosl scheduling epporlunities by in essence
providing [requency reuse in those silualions. This static 1CIC melhod may also be known as
Prelemed Frequency Reuse. The concept behind this melhod is to provide each cell with a list
of pralerred resource blocks for allocalions and to make each cell's list unigue lo avoid
nlarference with adjacent cells.

D.2.2.2 Semi-static ICIC:

Semi-stalic ICIC is also part of the AGPP standards. This lealure is inlended lo minimize inter-
cell inlarference by making use of 3GPP slandardized messaging across lhe X2 interfarence
betwaan eNBs. Measurement reports exchanged between eNBs over lhe X2 inlerface can be
used to support inlerferenca coordination in bolh he downlink and uplink. Sermi-static 1ICIC
relies on lhree lypes of measurement reporis betwean eNBs. Reporling of Relalive Marrowband
Transmil Power {RNTP) batween neighbor calls enables downlink I1ICIC. In the uplink, ihe
slandard suppors reporting ol a reactive Cvertoad Indicator {Ol), which indicales Iha lavel of
uplink interference and neisa. The standard also supporls a second uplink indicator, High
Inlerference Indicalor {HI1), which allows an eNB to report {o neighboring eNBs Ihat it will soon
be scheduling uplink lraflic by ona or more cell-edge UEs in cerain parts of the bandwidlh.
These lhree measurements can be exchanged on a pericdic basis between neighbaring eNBs
lo allow the eNBs lo reconfigure their usage ol Resource Blocks.
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D.2.2.3 Frequency 3elective Scheduling:

OF DM systems can take advanlage ol frequency diversity and frequency selectivily gain via
scheduler algorilhms. Frequency diversity gain is achieved by allocating a UE in subcarriers
spread across the entire camer bapdwidth. Frequency seleclivily gain is achieved by allocating
an UE a contiguous set of sub-bends wilhin some [raclion of Lhe carrier bandwidth that is
favorable lo lhat UE based on narrowband fading conditions andfor inlerference. Frequency
diversily scheduling may be preferred for users with high mobilily while fraquency seleclive
scheduling is praferred lor users wilh low mobility.

E. Testing

This section of the document describes the aclivities associaled wilh tesling which validates key
functionality, performance and interoperability requirements of the PS LTE solution, Thisisin
addition to the extensive testing performed by 1he solulion provider in Iheir intemal laboralories
to ensure conformance of their LTE solulion 1o 3GPP standards. An cutine of this testing can
be provided by our solutions provider. We as a Waiver Recipienl ere alsg plarning lo
participate in the PSCR/DC demonstration network, slaring in 2070, In order to meet the
requirement of the Waiver Order, a trial activity will be planned using our selected PSLTE
solution. This Irial aclivity will constilule and form Lhe basis lor inilial lesting of the system. This
section provides an ovarview of the trial aclivities (inilial lasting).

The trial lifecycle is broken inte four slages: Sile reaciness, installation aclivities, inleroperability
testing, and lasl execulion lor specilic funclionalily and applications.

Sile Readiness: This includes all aclivities refaled to preparing the chosen sitefs) for equipmenl
installation. Sile readiness begine after the siles hava been idenlified lor the (rial.

Installation: This includes all aclivitias relaled to inslalling the lrial equipmenl. This staga is
starled once site readinass has completed and ends when all lhe equipmen! assacialed wilh tha
trial network has been installed. This stage also includas any lesling to verily Lhat the
equipmenl was inslalled comraclly {ref Heallh Check).

10T: This slaga specifies (he interoperability tests execuled as parl of the Iral network. 11
includes all aclivities refateq lo validaling lhal olher suppiier components ol lhe trial network are
funclicning comeclly with our solutions provider's componenls of the trial network prior lo
iniliating trial testing.

There are two aspects of inleroperabilily lesling that musl ba addressed: 1) The Network, and 2}
Devices, The network component validates that the other suppliers’ network elements are
sufficiently fungtional wilh our selecled supplier's network components o initiale lrial lesting.
The devices comparenl validates thal the devicas used in the trial are sufficiently funclional wilh
our netwark companenls to initiate trial testing. The signaling procedures for lhe differanl
interfaces will be lasted using syslemn lavel use cases as delined in the lable below.

Figure 1.0 interface Procedure fo Systermn Use Case Mapping — 81

Interface Interface Specification System Level Use Case
Procadurg
ET-MME Reset Link Management
_ 31 Hetup
Handover 31 Based Handover |
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E-RAB Selup, Modify, end
Release

Dedicaled Bearers

Inilial UE/Conlex

Atllach, Detach,
Authentication, TAU

UE Conlexi Request,
Release Modification

Atlach, Detach, Dedicaled
Beerers

Uplink/Downlink NAS
Transpor, NAS
Celiveryferror Indication

Atlach, Detach,
Aulhenlication, TAL,
Dedicated Beerers

GTP Procedures

Link Managemeant

Bearer wio Fragmentation

Uplink/Downlink Bearer
Traffic

Bearer with Fragmenlalicn

Uplink/Downlink Bearer

Traffic

The syslem level use cases lhal will be used (o Ingger and drive messaging for the 10T
interfaces are detailed below:

1-MME S1-U
« Link Management + Link Management
» Aflach =« Non-fragmenled IP over GTP-U
= Ralease « Fragmented IP over GTP
» Service Requesi
= Tracking Area Updales
+ Detach
« Aulhentication
»

Dedicated Bearera
+ Handovers

Uu-LTE: This is demonstrated using the devices. This will also have been demonstrated
thraugh device vendor specilic 10T tesling in the lab.

Tesl Execution: This slage specifies lhe lunclional and parormance lesls executed as part of
the trial. This stage is started once interoperability lesting has completed. The following
aspecls will be lesled:

Inler-Mode Communicalion Verilicalion

Operations and Maintenance (OAM)

Single User Stationary Calls

Multiple Users Slalionary Calls

Single User Throughput vs. Mobility

Single Usar wilh QoS

Multiple Users with CoS

Multiple Usars Mobility wilh QoS

As part of lhe goal lo achieve nalionwide inleroperability, iha [ollowing applications and
inlarfaces will ba lasted as part of lhe trial activilies, with lasling distributed over time and as the
technology matures (fealures are edded) and lhe standards evolve. The applications and
inledaces to be lesled in the inilial Irial limelrame {2010} are noled. The inlertaces lhal are in
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suppor of lhe required roaming maodel wiil be lested in two ways. Those inlerfaces lhel are part
of the roaming leature will be lested in our supplier's intemal laborelory environmenl. As
systems are deployed in Ihe field, end as we encounler other vendors’ eguipment culside of our
home network, wa will actively wark lo conduc! Ihe proper IOT tesling wilh Ihel agency (locel or
regional) and Lheir supplier lo verify the implemented sclulion. In Lhis way we will address lhe
lundamenlel roaming requirement and in tesling the inteffaces {visited fo home) lisled below.

Applications
» Inlernel accass (Inilial Trial)

» VPN access to any aulhorized site and to home networks
+ Slalus or information homepage
s  Access Io responders under the Incident Command Syslein
s  Field-based server applicalions (Initial Trail)
Interfaces
* Uu-LTE air interface {Iniliat Trial *  S10-MME lo MME support for
« SBa-Visited MME lo Home HSS Calegory 1 handover support
e SB-Visiled SGW to Home PGW s+ X2-¢NB 10 eNB (Iniliel Trial)
« 59-Visiled PCRF to Home PCRF

for dynamic policy arbilralion
For the Iriel network, a configuration consisling of lhe Iollowing elements {in addilion to tocls
and transpor elements) will be used as the test bed: eNB, UE (VS8 dongle, VSM, and/for
Handheld Portable, availability to be specified in our Roadmap over ime), MME, S/P GW, and
HSS/PCRF,

The software used in the tesl bed and as parl of lhe warilicalion triel is complianl to IGPP
Release B of lhe LTE standard.

A listing of LTE tesl tools wiilized by the solution is included in H.Appendix D.
F. Deployment

In lhis section we will outline the Harris County BIGNET deployment plan . Pleese also refer o
ihe Chart D.1 and Graph D.2 in appendix D.

Pre-Build out schedule
9172010 - /2842011

- Team farmed wilh Harris County, vender and carrier pariner.

. Office Build out for addition slafl end vender team

. Hardened [acility service agreemenl finalized

. Sile survey done on all sites

. List ol camier pariner ca-lacated siles establishad

. List of nan carrier sites eslablished

. Fiber cannectivity for backhaul salidified and estimated cast wilh SLA epproved
. RF and environmenlal sludies done

. Contracls, leases, permnits and olher logistical paperwork eslablished

. BIGNET cammittee made aware of inlent lo begin canstruclion
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The H5S , PGW, and PCRF which make up the upper core will be purchased end
located al the hardened facility

A MME and SGW that make up lhe lower core will be purchased and inslalled al 408
Caroline a malching set will be installed at the herdened facility providing redundant
paihs.

The PSIG will be purchased and installed el 406 Caroline
Maobile command and COW purchased for Mid- project Businesa conlinuty Preparalion

Addilional support itemns in the fonn of servers , slorage , network hanjware ,
applications and licenses , lirewalls , IPS , AC, Power cabling and infrastruclure , as
wall a3 support personnel ara purchased and implemanled at 406 Caruline

Build out Schedule Phase 1 fyear 1
{64 sites per year - 3 per month -180 remain)
9/1/2010- 9/1/2011

Equipiment order phase cne

Imfrasiruclure build out / tower bunker conslruclion and cerlification
Equipmenl inslallation of cellular, backhaul, fiber conneclivily
Tesling signal strength and range

Testing redundant palh and backhaul

Site certificalion, aclivation, and menitering

Interoperability connetlion and development
112011 - 6/20/2011

-

Connectivity of the PSIG 1o LMR P25 SYSTEM TEST
Conneclivity to the county inlernel tesl

Firawall retention and pelicy enforcement lest
Applicalion and davelopmenl juslice apps lest
Reaming lo and rom camer natwork test

Camier applizalion usage on natwork test

E-mail and text routing test

Integralion of client apps inlo network lest

Use and pelicy enforcement test

Priority of service test

Priority of senvice ovar carrier tesl

Connection o slale or federal applicalions test
Connection lo San Anfonio EPC core natwork tesl
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, Transfer of load to San Antonio core lest
. 811 and GHS11 integration
. Begin initial client loading and modify accordingly

Bulld out Schedule phase 2year 2
(60 sites per year - 5 per month-120 remain)
8172011 - 9/1/2012

- Equiprmenl order phapse two

. Infraslructure build oui / tower bunker consiruction and cerdilication

. Equipment inslallation of celiular, backhau), iber conneclivity

. Testing signal strenglh and range

. Testing redundanl path and backhaul

. Sile cerlificalion, activalion. and monitoring

. Conlinue chent loading improve issues with phase

. Repart Progress lo BIGNET, lechnical, and sysleim owners/ partners commitiees

Intereparability connection and development — oniine
Bf30/2012 — 913042012

. Connactivily of the PSIG to LMR F25 SYSTEM (Produclion)

. Conngclivity 1o the counly inlernet (Production)

. Firewail retention end palicy enflorcemenl (Preduction)

. Application and development juslice apps {Preduction)
. Roaming to and from camer network {Produclion)

. Carrier applization usage on network [ Producion}

. E-mail and tex! routing (Produclion)

. Inlegralion of clisnt apps into network {Produc'ion)

. Use and policy enlorcemant  (Procuclion)

. Prionity of service {Production)

. Priority of savice over carrier {Production)

. Conneclion I3 stale of federal applications {Production)
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. Connedlicn lo Sar Antonio EPC core network (Production)
. Tranater ol load lo San Antonio core {Produclion}
. Continue inilial client loading and modily accordingly

Bulld cut Schedule phase Myear 3
(60 sites per year - 5 per month-60 remain)
9/1/2012 - 91/2012

. Equipment arder phase Lhras

. Infrastructure build out f lower bunker construglion and cerlification
. Equipment inslalialion of cellular, backhaul, fiber conneclivily

. Tesling signal slrenglh and range

. Tesling redundant path and backhaul

- Sile certilicalion, activation, and manitaring

. Continue client lwading improve issuas with phase 2

Project evaluation, next step determination phase

. Repart Progress o BIGNET, technical, and syslem owners/ pariners commiltges

G. Operations, Administration and Maintenance

The OAMA&P solution is comprehensive and standards-based. Il encompasses (the entire
lifecycle, including system design, assenbly and slaging, installation and cormmissioning,
operations, optimizalion, and billing. Tha operations solulion includes Faull Managemenit,
Configuration Management, Accounling Management, and Performance Managameanl (FCAPS)
supporl for lhe systam infrasircturs and devices, as well as the lollowing advancad capabilities:

Network Management System (NMS}). The NMS provides an inlegraled poinl of control for Ihe
systemn. Il includes network monitoring and recavery, security monitoring, perlormenca
management analysis and reporling, inlegrated sonfiguralion managemenl, and infrastruciure
software upgrade.

Over The Air {OTA) Device Management. The device management solution is &n industry
slandard solution thal warks wilh any Open Managemenl Alliance (OMA) clienl device. The
solution Device Menager provides an easy-lo-use inlerlace to perform software upgrada,
conliguration and provisioning af a variety of public salaly devices, including portables, vehicular
modems, dongles, and mobile data terminals.

Self Organizing Network (SON). The syslem SON solution, fully besed or 3GPP slandards,
provides & sef-canfiguring, self-healing, and self-oplimizing RAN solulion.  Syslem planning

requirements ara significantly reduced, as cell neighbors and LTE physical el idenlifiers are
aulanaticaily determined by the RAN infraslruclure. |nfrastruclure equipmenl is aulomalically

Page 28 of 43
Harris County {BIGHNET)



Interoparability Showing Technical and Operalional Response — Version 1.1

giscovered and provisiongd, The SON solution should simplify ememgency coverage such as
Cell On Wheels (COW). Key fealures ol the SON offering include:

Aulomalic Neighbor Relations (ANR), which aulomatically dstermines the neighbors for each
cell in the network, and conlinuausly optimizas the neighbour lisls.

Autonallc Physicel Cell 1D {PUI), which automatically compules the LTE physical cell identifier
for each cell in he network.

Automabic Lead Balancing, which biases te hendoff decisions based on the load presented in 2
particular cefl.

Automnatic Handgwver Oplimizalion, which optimizes lhe handovers between calls to eliminate
loo-lals and too-serly handovers.

Integrated Subscriber Provisioning. The solulion provides an integraled subscriber
provisioning solution Lhal simplifies the process of adding new broadband subscribers lo the
Reglonsl Public Safety Sysien and the Agency,

Integrated Billing. The syslem provides an integraled billing solution (hat supplies charging
informalion, inciuding the abilly to support complex roaming and usage-based accounting. The
Biting solulion provides robust dala analysis, reporling. .nwoicing and data warehousing.

OAMEP exhibits the following poinls of inleroparabilily:

» The self-grganizing network {SON) consists of use cases and interfaces defined by
3GPP aru algorithmic processing lo be defined by aach vendor. SON algorithm
compatibility must be verified between vendors. Aulomalic Neighbor Relatione (ANR}
and Automatic Physical Cell ID (PCI) are two examples of SON algorithms thal need te
be verified for intergperability hatween L TE vendore, This interoparability must be
demonsialed within a mulli-vendor regional network. as well as acmss regional
boundaries.

» From e sgcurily perspeclive. the OA&M authenticalion and eulhorizetion framework
utilizes industry slandard secure prolocols to enzble operatignal access wilhin the
syslam. The interoperabilily solulion leverages S5H . HTTPS and SNMPVA te mainlain
canfidenbality and integrity ol management relaled inforrmalion. User aulhenticalion and
autharization is enabled through the yse of LDAP and TACACS+, in additign, where
web basgd Uis ara provided, ine Secunity Assanisan Markup Language (SAML) is
supparied enabling single sign-on authorization across different adminisiratve user
interfaces within the system.

» Subscriber provisioning use cases and inlerfaces between Lhe Public Safely Agency,
Regional Public Salety Network and IThe Commercial Carner Network mus] be
formelized.

« Devices should be OMA-compliant in order lo support standards-based devce
managerr enl.
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Appendices

Appendix A.  Definitions and Acronyms

ARP Allocalion and Retention Prionly
BBTF Broadband Task Farce

CAD Computer Aided Dispaich

CJIS Criminal Justice Informalion Syslem
DNS Domain Name Service

EPC Enhanced Packet Core

E-RAB EUTRAN Radia Access Bearer
FIPS Federal Information Protection Slandards
GPE Global Positioning Syslem

GTP Genenc Tunneling Prolocel

HAAT Height Above Average Terrain

HO Handowver

HSS Home Subscrber Server

ICIC Inler-Cell Inlerference Coordination
IKE Internet Key Exchange

10T Inter-Operabilily Testing

IP Internel Pratocol

IP Exchenge {see http:Hwww. 0smworld. com/our-

work/programmes-angd-initiatives/ip-

X natworking/ipl_documents htm}

LTE Leng Term Evolution

MBMS Mullimedia Broadcas! Mulicasl Service

MME Mobilily Management Enlily

MVYPN Mobrie Virual Private Network

NAPT Network, Address and Port Translalion

NAS MNon-Accass Stratum

NAT Matwork Address Translalion

NCIC Nationzl Crime Informalion Center

NOC Network Qperalions Center

NPSTC MNational Public Safety Telecommunicelions Council
CAMA&P Operations, Administration, Maintenanca, and Provisioning
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OMA-DM
O0BE
PC
PCRF
FCN
PGW

PK!
PLMN ID
PMIP
PSST
Fl‘rr

QCl

G5
RAN
RAT

RFI

SIB
SON
TAU
T8
TSB
UASI
UE
VLAN
YoiP

WAN

Open Mobile Alliance — Device Managemenl

Out of Band Emissions

Personal Computer

Policy and Charging Rules Function
Packel Data Nehwork

PDN Gateway

Public Key Infrastructure

Public Land Mobile Network Identilier
Proxy Mobile IP

Public Safety Spectrum Trusl

Push To Talk

0ol Class ldentifier

Ouality of Service

Radio Access Network

Radio Access Techrology

Raquaslt for Informalion

Serving Gateway

System Informetian Block
Self Organizing Nebwork
Tracking Area Updsle
Technicel Specification
Telecommunications Systermn Bulletin
Urban Area Securily Initiative
User Equipment

Virlual Local Area Network
Voice over Intemét Prolocol
Virtual Private Network

Wide Area Network

Harris County {BIGNET)
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Appendix B. LTE/EPC Functions and Interfaces

This seclion provides a detailed descriplion of lhe LTE RAN and EPC infraslruclure slements,
as well as lheir comesponding interfaces, and is provided as a supplement to sections A1, A2
and A.3.

eNB - The eNodeB (sNB) provides lhe user plans and control plane prolocol lerminations
loward Ihe UE. The eNB consisls ol lhe inler-working lunclion between lhe backhaul inlerface
and lhe base band inlerface, lhe base band processing elements for the air interface, and the
radios.

= Radio Resource Management - Assignmeni, Re-assignment, and Release of radio
resourcas

o Radio Bearer Conlrol {RBC) - Responsible lor lhe Eslablishmenl, Mainlenanca,
and Release of radio resources associated wilh specific radio bearers. The RBC
lunction must mainlain lhe quality ol exisling sessions when condilions change
due to environmental and mability activity.

o Radio Admission Control (RAC) - Responsible for imaximizing the radio resource
ulilizalion by intelligant admission or rejeclion ol new radio bearer requesis.

o Connechion Mobilily Conlrol {CMC) - Responsible for the management of radio
resources during active or idle mode mobilily of lhe UEs.

o Dynamic Rescurce Allocation (DRA) - Packet Scheduler {P3) - Responsible for
lhe scheduling ol bath user plane and conlrol plane packels over lhe air
interface. Scheduling takes into account OoS requirements of users, radio
candilions, available resources, etc. 1o efficiently utilize lhe radio rescurces for
all active users.

« MME Seleclion when UE inilially altaches - A single eNB may heve coimmunicelion links
to mulliple MMEs. The cantrolling MME for each session musl ba selected if lhe UE
does not indicate a specilic MME o be used, or il the MME specified by (he UE is
unreachable.

« Routing user plane data to the SGWV - A single aNB may have communicalion links to
mulliple 5GWs. The data streem lor eech UE musl be rouled lo lhe eppropriele SGW.

» 5Scheduling end transmission of paging messeges received rem lhe MME.

= Scheduling and transmission of broadcasl inflormalton received rom lhe MME ar
configured from the Element Manager - The scheduling on Lhe appropriate radio
resource block and periodic broedcasling is performed by lhe eNB.

= Measuremenl galhering for use in scheduling and mobilily decisions - Scheduling and
handaver decisions era performed based on uplink relaled measuremenl deta [rom Lhe
eNB and downlink related measuremenl data from (he UE. The eNB conligures lhe
measuring and reporing criterie and collecls lhe data for inpul to the scheduling and
handover functions.

» Radio Protocol Supporl
= Radio Protocol Supporl
o Physical Layer {Control and Bearer)
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o MAC (Conurol and Bearer)
o RLC {Control anc Bearer)
o PDCP {Conirol and Pearer)
a RRC (Conlml)

o Session lrace

» Inler-eNB handover preparalion, Contaxt & Buffer forwarding, Inter-cell interference
coordinalion over X2 inlerface.

+ eNB also forwards buffered downlink date durirg (he Inter eNB handovers using non
guaranteed delivery of usar plane PDUS.

MME - The MME {Mobility Managemenl Entity) manages aulhenlicating users on lhe EPC and
tracks active and idle users in the RAN. The MME pages users when Iriggered by new dala
arriving For an idie user at the assigned SGW, When & user altaches to an eNB, the eNB selects
a saning MME. The serving MME selects a SGW and a PGW o herdle the users bearer
packals. The MME provides Lhe following functions:

= Non-Access Stratum (MAS) Signaling. The MME is the lerminalion peint in he network
for cipherimgtinlegrity protection for NAS signaling and handles Lhe security key
menagement.

« Authentication: The MME is responsible for authenlicaling lhe UE by interacling with the
HSS and is also rasponsible for the generation and allocation of temporery idenlities 10
UES.

+ ldle State Mobility Handling. The MME is respensible (or idle mode UE tracking and
peging procedure including relranamissions. The MME handles page reques! t¢ ils
assochated eNBs that cenlained lhe tracking area list last regislered by the UE.

+ EPFC Bearer Control. The MME is involved in the bearer aclivation/deaclivation process
and is alsg responsible lor selecting the SGW and PDN-GW for a UE at Lhe initia! attach,
dedicaled bearar aclivation, service request, and hardover involving MME or SGW
relocation.

SGW - The Serving Gateway lerminales lhe 31-U intetface lowards EUTRAN and is also lhe
lacal mobility enchor for the UE. The mobilily anchor function applies to a mobile in the
EUTRAN. In a commercial netwaork, lhe mebiily anchor also applies 10 a mobile transilioning
fram a non-3GPP netwark 1o a 3GPP network owned by Lhe sama aperalor. For each UE
associaled wilh Lha Evolved Packet System {EP3). at a given point of lime, Lhere ia a single
serving SGW. The SGW mainlaing a packel buffer lor each idle UE and hoids tha packets until
the UE is paged and an RF channel is re-established. The 3GW mainlains a connaction lo a
PGW for each UE. The SGW provides tha [ollowing lunclions:

» Lacal Mability Anchor painl for inter-eNB handaver
+ Packel routing and farwarding

+ Assisl the eNB reordering funclion during inter-eNB handover by sending one or more
“and marker" packels [0 the source eNB immedialely elter swiching the path

s E-UTRAN idle mede downlink packet buffering and initialion ¢l netwark lnggered service
requas! procedure
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PGW - The Packet Data Metwork Galeway (PGW) is lhe gateway which terminates the SGi
inlerface towards the PCN {e.g. agencies network). The PGW is a macro mobility anchor and is
responsible for UE address assignment. The PGW provides the lollowing lunclions:

« The Packel Dala Netwark Gateway terminales the SGi inlerface towards lhe PDN. The
PGW suppoarts conneclivily of UE’s traffic to specified interdaces based on APN (Acrass
Paint Naine). The APN determines which PCN a UE is connecled to.

+ UE IP address allacatian, OHCPv4 (server and clianl) and DHCPvS (client, relay and
servar) lunctions

+ The PGW is the source of service data flow based cherging records for the LIE.
+» Tha PGW acts as the macra mubiliby anchor for the UE across EUTRAN.,
» UL and DL baarar binding and UL Barer binding verificalion.

» Tranalar of {QoS) policy and charging rules from PCRF ta Palicy and Charging
Enlercemenl Funclion {PCEF) in the PGW. Policing and shaping Lhe traffic rale of Lhe
user's downlink EFP5 bearers.

» Transport level packel marking in the uplink and downlink. e.g. setling the DiffServ Code
Point, based on lhe QCI of lhe associaled EPS bearer,

HSS — The HSS stores UE subscriplion and authentication data for authenticalingfautharizing
UE access. The HSS provides the lollowing lunclions:

« Authenticalion and authorizalion data for the UE

« Localion informalion of the UE {MME and PGW serving the UE)

« Lawful inlercept support

s The HSS in the solution shares the UE subscriber database with the PCRF

PCRF - The PCRF provides network conlrol regarding the service daia flow deleclion, galing,
Go5 aulhorizelion and llow based charging (excepl credil management) towarda lhe network
elernent. Tne PCRF supporls dynamic inlerfaces lawards applications and a rule based engine
lhat allows policy niles to be executed and lhe resulling policy passed lo the PGW. The PCRF
can pass bolh QoS and charging rules la lhe PGW. The PCRF uses lhe SPR {Subscribar
Profile Repository) to store subscriplion profile records. The PCRF provides the following
functions:

» PCRF decides how service dale flows will be treated in the PGW, and ensuras thal the
PGW user plane traffic mapping and irealmenl is in accordance with the user's
subscriplion prolfile.

+ PCRF will check that the service inlomalion is consisient wilh both the operator defined
policy rules and lhe relaled subscription infoermalion. Service information will be used to
derive {he authorized QoS for Ihe service.

+ PCRF authorizes (o5 resources. Tha PCRF uses the service information andfor the
subscriplion informalion lo calculate the proper GioS aulhornizalion {QoS clase idenlilier,
kit rates, elc.).

+ PCRF can use the subscription informalion as basis lor lhe policy and charging controt
decisions.
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=« PCRF supports different bearer establishmenl modes (UE-only, UE/Network or Network-

oniy).

Suppaorted Interfaces:

LTE-Uu - This inledface carries contre! and user {bearer) signaling batween the eNB and
lhe UE L facilitale lha delivery ol high speed dala services ta the end user. The
associaled control plane signaling supports mobility inapagemenl, session managemenl,
admission cenlral, QoS management, mdio resource/connection management and all
other functions thal are necessary to enable lhe {ransfer of application data across lhe
user plans.

Gx - Provides lransfer of {QoS) policy and charging rules from PCRF Lo the PGW,

Gz - This imerface is based on the GTP prima protacol. It is used e lransfer Charging
Deteil Records {CDRs) from a PGW and/or SGW to a Charging Galeway in support ol
offlline charging.

Rf/Ga - This inlerlace based on the DIAMETER protocel. It is used lo lrapsfer Charging
Delail Records (CDRs} from a PGW and/or SGW o a Charging Gateway in suppaon of
oHline charging.

Rx — This referenca point enables trarsporl al applicalion level session informelion Irom
epplicalion ta PCRF. Such informalion includes IP filter infonnation lo identify the servica
dals flow and Media/applicalian bandwidlh requirements lor OoS control.

51-MME - Conirol plane signaling between lhe aN@ and lhe MME

51-U - Bearer plane supporl betwasn the eNB and the SGW. In general, procedures lor
the S1-MME interface may affecl the setup or teardown of r baarer link; howaver, lhe
slandards do nol indicate specilic procedures between [ha eNB and SGW. This path
interfece is for uplink and downlink dala only.

85 - The 55 intarface provides user plana lunneling and lunpel managemenl between
SGW and PGW. It is used for SGW relocation due 1o UE mobility and il the SGW needs
to connect to a nan-collincated PGW for the requirad PDN cernaclivity.

S6a - This irlerlace enebles the transler ol subscription apd aulherlicatian dala used for
LIE access to the LTE syslem. It carries conlroi messages batween the MME and the
HSS over DIAMETER.

58 - Roaming version of 54 for communiration between a visiled SGW and a home
PGW.

59 - Tha 59 inlerfaca is between a hame PCRF and a visiled PCRF in lhe case af lacel
braskout.

510 - This interlace carmes conlrel messeges between MMEs,
$11 - This interlace cerries conlrol messeges between lhe MME and the SGW.

SGi - This interface carries bearar raffic betwean the UE and the egencies PON. This
interface oplionally catriga conire! maffic between lhe PGW and the agencies PDN to
facilitate |P addrass allocation, IP parameter canfiguralion and AAA services associated
with UE activity.
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= SP -This is a named interfaca between the PCRF and its subscriber dalabase, tha
SPR. This interfece is not slandardized

« X2 -The X2 interface provides a control plane and bearer plane connection betwean
eNBs to support lIned manegemant and handover pracedures.
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Appendix C. Priority Access and Go8 Configurations

G.1.1 General Prlority Access and oS Configurations

When a responder roama from one regional systern to the next regional syalem (or to
commercial carrier network), there are cerlain parameters (hat should be standardized 5o that
roaming QoS can be more easily facilitaled. While it is possible lor a lor a haime LTE system to
map QaS palicy far every unigue reamed-10 natwork, Lhis is difficult lo manege, and
cumbersome at best. The naed lor standardized QoS parameters becomes aspecially needed
for LTE “home routed traffic”™ {i.e. lhe use ol the S8 roaming interacs, which the FCC has
raquired).

Configuration — Implement the PCRF

Inclusion of & Policy and Charging Rules Function {PCRF) is aplicnal in LTE, however because
of public safety's desire lo support session-onenled, QoS-enebled traffic, home routed 1raffic,
and rpaming to both public safety and commercial camer network, a PCRF is essential.
Complex policy rules Lhal vary batwesan PLMNs may also be needed, requiring a PCRF. For
these reasons, all public safety LTE deploymenls should include a PCRF.

Configuration — Public Safety First Responders Use Reserved Access Claas 14

LTE includes “Accass Claas Barring®, a methed to prevent congestion ol the ganlrol channel al
busy eNBs. While assigning access class 14 lo devices operating on a public safety systern isn't
expecled Io offer a significenl benelil {(because most devices will be the same access claas),
access class 14 can be of signilicant benefl when public salely roams lo commercial carrier
networks because commercial users will typically be of lower access class(es). In ordar [or Lhis
to be effective, access class 14 musl be reserved for public salety usage. This configuration
malches recommendalions made by lhe NGN/GETS efforf.

Conflguration — Standardize QCI Values ecross Public Safety Regional Systems and
Commercial Systems

The QoS Class ldentifier is a scalar parameter that maps 1o QoS scheduling characleristics at
the eNB {such as scheduling priority, packet delay budget, packet error loss rale, elc.) 3GPP TS
23.203 includes a table that maps standard QCI values 1o QoS aliribulas. When a UE roams,
the QCI scalar is passed Irom the home Ip visiled syslem. If lhe QoS attributes Ihat map to the
QCI scelar are different than the home systern, Lhis could resull in poor (of no) application
parformance. ILis key lo require 3GPP standardized QCI scalars {and the Qo8 charactenstics
lhey map to) for public safely and commercial LTE syslems. A "rasarvad for future use” QCI
range is also eslablishad wilh all public safety and commercial LTE systems. This will allow
future specialized public safety applicaiions lo be added.

Ths rsmaining configurations in Lhis seclion focus on LTE's Allocation and Retention Priority
{ARP). The ARP includes 3 altributas:

a. the pricrity a bearer will have lor admission control al the eMB {and subseguently if il
should be pre~empled al a futurg time)

b. whelher or nal lhe bearer can be preempted

c. whelher whan admilling lhe new bearer the eNB should attempl io preempl ather
bearers to make room lor lhe new beerer
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The remainder of \his section focuses on ARP configurations. Figure 3.6.1-1 as a framework for
how ARP can work between systems.

Configuratien — The Highest ARP Priority Should Be Reserved for Responder Emergency

For both commercial carrier and Public Safety systems, standardization of this value insures the
health and well-being of public safety and insures LTE resources are available under life-
threalening conditions.

Configuration - Standardize Number of ARP Priority Buckets

Figure 5 suggesls he possibility of four priority buckets {Responder Emergency, High, Medium,
Low). The actual number of buckets is open to debate, however, the imporlant point is once the
number of buckets is chosen, the buckets must be available on both commercial and regional
public safety systems. Defining a consistent set of ARP priority buckets facifitates inter-system
QoS, which is essential to 2 consistent roaming experience.
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Figure 5: ARP Mapping Between Public Safety and Commercial Carner Networks
G.1.2 Roaming te Commercial Public LTE Systems

Configurations in this section apply to the case when a public safely device (home to a specific
public safety regional system) atternpts to roam to a commercial carrier network.

Caonfiguration - Cairiers Support All ARP Priority Buckets

After the number of ARP priority buckets is selected for use on regional public safety networks,
then the same number of buckets should be available on carrier syslems. When mapping ARP
from a public safety regional system lo a commercial carrier system, it is envisioned only 1 ARP
prionty will represent an entire ARP priority bucket on a public salely regional system because
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the carrier has additional constraints on ARP usage. For example, the LTE slandard
recommends ARP prigrity values 9-15 be reserved for public roamers onte public sapactrum.

Configuration — Public Safety Bearers Associafed with the Responder Emergency and
High Priority ARP Values Should Not Ba Preempted

Becausea public safety will require lhe usa of carrier speciium in many circumstances (i.e.
because Iha PSST 5+5MHz capacity can be insufflicienl), bearers in these categories should be
allowed 1o be eslablished onto tha cormmercial syslern and 1ha baarers should be able to
cantinue unlil de-activated by lhe rasponder.

Configuration — Public Safety Bearers Associated with the Responder Emergency and
High Priority ARP Values Should Be Able to Preempt Other Lower Priority Bearers

Public safety using this higher prigrity ARP vatues must be allowed to instantly eoblain resources
as needed rom lower prierity cornmercial reffic (and even lower priorily public safety traflic).

G.1.3 Roaming ta Other Regional Public Safety LTE Systems

Conligurelions in this secticn epply lo Llhe case when a public selely device (homed 1o a specific
regional syslem} attempls to roam o en EPC sarving another public safety region.

Configuration — Allow Each Region to Use the ARP Priority Buckets to FIt Their Needs

Wilhin the ¢confines ol each prigrily bucket in the public salely regional natwark, public sefeby
should be lree to assign what UEs, applications, elc. map to each priority bucket. Today, some
publlic safely systerns priorilize based on epplication, and others based on reaponder role. Many
agencies have expressed a desire for incidenl-based priority on LTE. This conliguration gives
public safety an excellenl balance batween regional Nexibilily {whelher lor incident, epplicatian,
device, ar olher priorily scheme) and inler-system roaming campatibility.

Configuration - Public Safety Roamers Can Be Assigned to Each Priority Bucket

In order lo faciitate relatively consistenti prioritization belween public safety regions, il is
expected lhal roamers between regional public safety systems be allowed to utilize each of the
ARP hbuckets. For LTE hame routed traffic, the home PCRF acseigns the ARP prionly of lhe
bearer eslablished in the visited syslem's eNB. For this reason, a consislanl lreatmeant of
roamars is essential in the priosilizalion hierarchy.

Configuration - A Roaming UE’s Bearers may be preempted

When a public safety UE roems to ancther public safety LTE system, lhe visited system should
have ultimate conlrol over ils resources, For this reason, all bearers for mearners {other than the
Responder Emergency buckel) may ba preempted.

Configuration - Public Safety Bearers Associated with the Responder Emergency and
High Priority ARP Values Should Be Able to Preempt Olher Lower Priority Bearers

As wilh roaming to public systems, the use of higher priorily ARP ranges must be allowed lo
inslanlly oblain resources as needed from lower priority public safely bearers.
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AppendixD. LTE Test Tools
~_ LTE Test Tools

Function Taol {specified or Description
| equivalent]

Spectrum Analyzer Agilent SA Cell coverage,
1 characteristics

| Air Interface Monitor UE Tool Synchronizalion. sysiem
Sanjole WaveJudge breadcas! information,

registration, DAL
transfers

MNetwork WMormior

Wireshark — Windows PC

Protocol dissectors o
analyze L1/L2/L3, per
seqment

Sarvice Simulator

Ipearf — Windows PG

Service amulator using
TCP and UDP psaudo
packets and setting up
bearer types and GoS over
the air

| Senvice Evaluator

Wirsshark - Windows PC

hTraﬁspc-r’L Quality (Loss,
Latency, Jitter,
Throughput), Handover

l
[Available UE

_ | Latency
| Wil e provided
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Appendix E. BIGNET Definition & Coverage Maps
BIGNET-- Public safety cntities in the 28 Counties in the Broadband Interoperability Gatcway

Network East Texas {BIGNET) area have collaborated to identify communily anchor institutions,
privale enlitics, and non-govemmenlal agencies to develop a comprehensive, regional public safety
network that would provide emergency responders with broadband access and increased interoperability
capabililies, Previous regional catastrophic event planning identified key gaps in emergency
preparedness and response and underscored the need for a hardened state-of-the-art broadband network
that would be available to emergency responders, not only during routine service bul also during a

critical incident or a catastrophic eveni.

LTE Coverage on street (Harris County) - USB
Dongle inside vehicle with no external antenna

Sites
3 sectors each
® Users! 18010

» 102

users/isectol

e Average UL

» 200 Kbpsiuser
o Average DL

» 768 Kbps/user
* USB-dongle insi<le

velncle, Mo external
Hirenna

e 53
-
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LTE Coverage on street (Harris County) -
Vehicle Modem

\.-~ : /‘ l‘

59 Sites
» 3 sectorseach
Users: 18010

» 102
users/sactor

Average UL
» 200 Kbpsfuser
Average DL
» 768 Kbps/user

- USB

Dongle

® 6 Sites
» 3 sectorseach
@ Users: 9005
» 51 usersfsector
e Average UL
» 200 Kbhpsluser
Le Average DL
» 768 Kbps/user
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Gantt Deployment Schedule Chart D.1

Sunday, August 01, 2010
Thursday, February 17, 2011
Manday, September 05, 201
Friday, March 23, 2012
Tuesday, October 09, 2012
Saturday, April 27, 2013
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Interoperability Showing Response: Executive Summary

The Interoperability Showing Response addresses each interoperability component in the
Broadband Public Safety solution, demonstrating how the Harris County {B.|.G.N.E.T)** network
will achieve interoperability. This Executive Summary serves to provide an overview of the
content in the formal Interoperability Showing Response. It is highly recommended the reader
reler to the Interoperability Showing Technical and Operational Response for additional
information on each of these topics.

System Architecture

The Broadband Pubtic Safety solution is based on the 3GPP R8 slandards, and consists of the
Radio Access Network (RAN), the Evolved Packet Core (EPC), Devices, and lhe key interfaces
exposed by these components. The solution includes the ability to roam between systems,
provide prionty access and QoS to ensure the most critical public safety users receive the highest
priority, and ensure the Broadband Public Safety solution is secure.

o O = ]

RAR

[ uE I HI{ .l';ll : =t [:‘;’:"ﬂ. - J;
=

Radlo Access Network (RAN) Architecture

The eNodeB (eNB) is the only 3GPP defined network element within the Evolved
Universal Terrestrial Radio Access Netwaork (EUTRAN) for 3GPP R8, The eNB provides
the user plane and control plane protocol terminatlons toward the UE. The eNB
consists of the inter-working function between the backhaul interface and the
base band interface, the base band processing elements for the air interface, and
the radios, The eNB in this system is built based on the 3CPP R8 standards. The eNB
is designed for compatlbliity with 3GPP compliant UE's and utilizes 3GP£ compliant
network interfaces.

Core Network Architecture

The core network is based on the 3GPP R8 defined EPC (Evolved Packet Corel as
mainly defined in 3GPP TS 23.401. The solution supports the MME. SGW, PCW, HSS
and PCRF/SPR functions using standards defined network interfaces. A VPN element
is also shown. This element supports a securé public safety VPN and can be used
with alternate access technaologles (WiFi, 3G).

Interfaces
The RAN/EPC solution supports the following interfaces based on 3GPP R8 compliance:
LTE-Vu, Gx, Gz, RfiGa, Rx, S1-MME, $1-U, S5, S6a, S8, 89, $10, S11, SGi, SP, X2.

Mobility and Handoff (Handover)
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The mobilty solution is fully compliani with 3GPP standards. Il supporls high-speed mobilily and
seamlass handoffs between eNBs within |he Broadband Network, Radio frequency phase shift
aoquisilion up lo 300 Hz Doppler is supparted, which accommodates handofls above 75 mphin a J
propery-engineared and functioning ne bwork.
The mohility rolution will suppon inlar-nctwork handover bebtaeen reglonal publie satety networks.
The approech Isken to supporl inter-network handover between regicnal networks is dapendenl
on several factors. Thase factors inelude:;

o Frequency bands assigned to and shared betwean the regional networks

- PLVN ID's assigned © and shared between the egional natwarks

o Administraliva relationships between the regional networks
ln order o auppor inter-PLMN handover with 3GPP R3 spacificatians, coardinated network
planning and cparatons acmss the PLMN ID domains ra required. In order ¥ aupport inter-FPLMN
handover across operalional domains without operational coordination, 3GPP alendards
anhancements are required. MVYPNs provide an allamative solution approech to inler-PLMN
handover; the MVPN provides IP layer mobiity and inleligent route selection which is
ndepandenl of handover in the radio accoess layer. The Inlaroporability Showing Respounse
outlines lhe inter-PLMN handover tssues and approach supported in Lhis salulion.

Roaming

Intra-systar raming will be suppartad as needed by opsrational 3cenaros which require service
acrose regional nelwork boundanes. tn addilion W intra-system roaming, adjacen reqional
ratworks will also raise lhe need for inter-PLMN handover.

Inlec-gyslem moaming will ba supparted as needed by operational scenanas which cross regional
ne twerk boundariea, and as allowed by roaming agreements with commercial camers. Inter-
syslem roaming may also require addition of Bordar Gateway raulers to interzonnect with a
Faaming Service provider. The same 3GPF standards constraints apply to inter-PLMN handover
across operational domains for inler-system roaming as for intra-system roaming. Howevar, inler-
ryslem and inter-PLMN handover is more challenging due to the addilicnal intertaces and
operalional dependancies between commercial carrier networks and the Shared Wireless
Broadband Network (SWBN). The intergparability Showing Respense deacribes |he soiulion
approach o inlra-systern end iner-syslem reaming.

Priority Access and QoS

LTE offers lhe most advanced QoS capabilitias of eny cormmarcial cellular technology; however
ita technaology must be properly configured 1o meet the needs of public safety usage and to
support roaming to cenizre and oher pubhe safety regionel aystems. The Interoparability
Showing Response describes how advanced prionty aecess and QoS capabiilies should be
configured in order 0 maximize the interoperability banefits lo public safety. These LTE
configurations should be standardized acress all public safety regional systems in order lo
facilitate nationwide interoperability.
A flexible priority accass and QoS framewark must ba established which provdes:
Regional Flexibility
Each public salety region should have flexibility to choose an LTE pnoritization model lo
suil 45 need. For exammple, reglon 1 may priaritize reapondem based on ke and regian 2
may prionlize responders besed on application. The region shoukl have some lattude lo
choose how o prioritize devices and applicetions on the regional system.
Roaming Support
Whelher roaming belween regional syslems or roaming lo a commercial LTE systam, lhe
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priaritization [ramework should support @ consislent and lair policy of mapping pnority
batween systems.
The realization ol tha priority accessiloS framework is based on standardizalion of LTE
conliguration paramelars for public salaty use, such as ARP. QCI, GBR, and MER. The
Inleroperability Showing Responsge cullines the spueuilic confguration regulred for Lhe soiulion.

Security

3GPP standsrds have defined e avile of secunty relaled specificalions for LTE syslems. Froman
interoperabiliy parspective, of particular interes| are the spacifications 33401 ("3GPP Syslom
Architacture Evolution (SAE): Securily archileclure™), 33.210 ("3G sacunly; Natwork Domain
Sacurity (NDS); IP network layer security™, and 33.310 (“Nelwork Domain Security/aulhanticalion
Framawork {NDS3/AF)™). We will fully support the requiremenis stated in lnese speciizalions to
ansure sacure inler-syslam intleroperabiity.  The Interoperability Showing Response pravides
additional infformation on the securty machanigma included in the selulion.

Devices

Delivary of user devices for Public Safaty broadband agencies will be drivan by Lha availahility of
an LTE chipsel that supports sandard 3GPP baseband prolocels and RF oparation in tha 10
MHz of Public Safety speclrum (763 MHZ to 768 MHZ lower end 793MHZ to 798 MHZ2 uppar). Al
devicas will adhere [0 the 3GPP Release & air intarface specificalion and the recommended cul
ol band emissions {OOBE) as specified in the waver order, as well as exisling OOBE
rejuiremants b protect Public Salety narrowband woice secvicas in the 700MHz specrum. The
usar devicas nlended for early deploymenl Public Safaly LTE networks are USB-Do gies,
Vahicle Modems, and Smartphones. The Intaroperability Showing Response provides additienal
imormalion on each of (hesa device types.

Applications

The FCC has identified in the 10-79 order a list of minimurn waiver applicalions polenlial waivar
grantaes must suppor. These applications provide the foundation lar meaningful nationwide
intercparability, and are explained in the Interoperability Showing Response.

Two key applicalion echnology areas far broadband public safety are intemet access and a
Shalueinformaten Homepage {SiH)

The LTE system musl be configured ¢ provide Inlernet Access by firsl accessing the responder's
home syslam ii.e. Internelintranel lraffic is home-roulad). Serving the Intemet from a home APN
lessans the need for additional APNs on the device. Each addilianal APN may imply the device
connects ko more and mom network segments {and suheequently has multiple 1P addresses);
increasing security risks at lhe device, Therefore, home-routed Inernet Access reduces Lhe need
for a “local APN™ while roaming and impraves security on the davice.

Another key technolegy for LTE public safety will be the Status/Iinlormation Homepage (S1H).
The SIH is envisioned o prowde home and roaming nespondars with incidenl-s pegific
imformation, alerts, syatar slalus, wedlher, traffic, and other information. This information may
come from Computer-Aided Dispalch (CAD) lerminale, respondars, or in the fubure the NGE11
ESinat,

Reliability and Availabifity
The solution provides lor hgh reliability and high availability tor the following network
componenls:

o Regional Data Cenler and NOC

o LTE Enhanced Packet Core (EPC)
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o Transport netwark
o Radic Accags Network [RANG
o Mobile and perable User Equiprrent

In order ta maintain service availability, Ihe network has been designed with mulliple layers of
redundancy and resiliency. The network zan be deployad such thal module failures, node
lailures, and even failure of an entire data center site will ot degrade nefwork sewice availability.
The Regonal Data Cenler and NOC can be deployed in a fully-redundant configuralion, such Ihet
e catasirophic failure of a deta center [ocalion will nol resull in the loss of crilical functionality,
sinca all operetions and traffic can be sarved by an alemate dala cenler.

The mebile ard portable User Equipmenl {UE) devices are harmened in accordance with Public
Safety besl-praciices. Generally, the eco-ayslem for LTF 700 MHz broadband Public Salcty UE's
i3 el Bmerging. However, wa expecl that as the eco-system matures. a wide rmnge of device
capabilities wil be available Ip Public Selety markels, spanning iow-2nd commerdial grade
devices to high-end devicas complianl wilh military-specifications.

The lieroperability Showing Respanae provides additional infarmalion an the raliability and
availebility aspects of lhe sclulion.

Radio Frequency (RF) Engineering

RAF sysiem pedormance faciors such as cowerage lootprint, thraughput, and capacity depend
upon rmany diffierent variables in RF design, including Eut not fimited 1 the number of users,
desired site density, syslem cosl, treffic model, etc. As such, these variebles are inlarrelated, s
thal changes in one variable inevitably imoacl lhe othera. The Hamis County (B.1.G.N.E.T) system
is designed 1o supporl cument users ang applications in the moel cosl eflective manner and the
design is scalable for lulure expansion.

The Hams County (B.1.G.N.E.T) RAN design leverages exlensive axperienca in modeling and
designing wireless packel data networks, as wall as artensive axpernence in RF propagation
analysis. Tha coverage prediction lools used in this analyais foliow a two step prooess, First, an
iritial RF propagalion analysis of the service araa is peformed using known moddls such as
Okumiura wilh shadow kiss end TSB-88 statisticel melhods to provide a highly reliable prediction
of covarage pedommance. Second, the ool pesforms a discrete event Monte Carlo simulatian o
model the LTE sysiem based on cumsnt and [uture requiramenls. This datailed simulalion
characterizes the syslam pedormmance end inlerfarence enalysis based on a particuler numbar of
users and a traffic model. Coverage maps ama based on thess simulslion resulls, which depict
coverage at canain parfonmance levels.

LTE system capacity and coverage performance depend on interderence levals; theralore.,
interference miigation is & pimary objeciive of the LTF RF syetam design. Sowvam| mcaaures am
taken during the system destgn phase ip mitgate interderence including selecting appropriale
antenna pattems, adjusting the individual sector anlenna lills, and selecting oplimal sile locations
and site separation distances. Site separation, antenna down-tilt, along wilh aNB faatures like
s1alic and semi-static inter-call interference coordination (ICIC) are key elemenls towards
minimizing intra-band interference levels. OFDM syBiems like LTE can also aka advantage of
Irequiency diversity and frequency seleclivity gain via scneduler elgonthms to furthar minimize
inire-band inlerderence.

Testing

Tasting validates key lunctionality, perfarmance and inleroperebility requiraments of the PS LTE
solulion. This inEroperability lesting is in addition lo the exbensive tesling perdomad by Lhe
solution provider in Lheir inleral laboratonies lo ensure conformanca of their LTE solution o
AGPP standards. An outline of this tesling can be provided by our solutions provider. Wa as a
pending Waiver Recipienl are alsa planning lo participata in the PSCR/DC demanstration
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netwerk, starting in 2010. In order lo meel the requiremenl of the Waiver Order, a lrial &clivity will
be planned using our selecled PS LTE solution. This trial activity wil! conslilute and form Lhe
basis lor initial Bsling of the syslem. The Inleroparability Showing Response provides an
overview of the tral aclivilies (initial lesling), and descriptions of Lhe lests to be parformed.

Deployment

Deployment of our LTE network will fall under the following deployment schedule. This is further
oullined in the nleroperebility showing, in addilion o the schedule bellow we would like to
mention new parinership potentials like the stale ol Louisiana this pertnership couid kad o our
ultimate goal which is public safety broadband collaboration and connectivity for the Gulf Coast.

»  Pre-Build out schedule 9/1/2010 - 1/28/2011

a. In this stage we plan lo solidity conlrscla, site localions, permils, workforce,
support lechnology infrastructure, and agreemants.

« Buiid cut Schedule Phase 1 fyear 1
{60 siles per year - 5 per monlb - 180 remain}
9/1/2010- 9/1/2011
a. In Ihis stage we will begin consiruction of our inlrasiructure
b. Locale lhe core in a hardened facility
c. Begin backhaul connectivity
d. Estabiish monitoring and support infrstruciure
€. Begn testing and loading
» Intemperability cormection and development 14172011 - 5/30/2011
a. In this slage we incorporale the cptions of he camer partnerships and the
correspending servicas
b. We also explare application and LMR connectivity
« Build out Schedule phase Ziyear 2
{80 siles per year - 5 par month-120 remain)

9/1/2011 - 8172012

+ Interoperability connection and developmenl — online 8/30/2012 - 5130/2012
¢ Build out Schedule phase 3/yesr 3

(60 sites per year - 5 par month-80 ramain)
9/1/2012 - 8/1/2013

Operations, Administration and Maintenance

The OA&M solution is comprehensive and standards-besed. Il encompasses the entire lifecycle,
including system design, assembly and staging, installation and commissioning, operalions,
optimizalion, and iing. The operations solulion includes Fault Managemenl, Configuration
Managemenl, Accounling Management, ang Pedormance Management {FCAPS) support for Lhe
systermn infraslructure end devices, as well as lhe advanced capabilities such as NMS, Over lhe
Air Device Managemeni, Self Organizing Network, Inlegraled Subscriber Provisioning, and an
inlegraled Billing solulion. The ful paper describes Lha OA&M capebilities.

The OA&M solulion requires intercparability coordination of wendor SON algorithms, subscriber
provisioning, and device management. The Interoparebility Showing Response provides
additional delaila on these poinls of inleroperatility within QAAM.

“*Note | Public sataly enlilies in 28 Counies and two lrequency oollaboration regions , make up
the Broadband Interoperability Gateway Nelwork Easl Texas or (BIGNET).
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