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vendor commLJniHes, with objective of identifying and deploying the appropriate soiut",ns to
meellnteroperability requirements.

A,8 Devices

De,'ivery of user devices for Public Safety broadband agencies wiU be driven by lhe evailability
of an LTE chipset that supporls swndard 3GPP besaband protocols and RF operalion in the 10
MHz of Public Safety spectrum (763 MHz 10 768 MHz lower and 793MHz to 798 MHI upper).
All devicas will adhere to the 3GPP Release 8 air inlerface specification and lhe raoommended
out of bend emissions (OOBE) as specilied in tile W!liver order, as well as exisling DOBE
requirements to protecl Public Safety nalTOwbamt voice services in Ihe 700MHz spectrum. The
follow;ng are the user devices intended tor eerty deploymenl Public Safety LIE networks:

USB-Dongle

Init.;al trial and early deployment networks"";l1 be supporled by a USB-don9le device suitable for
ll~temal connection 10 a hosl personal compuler. A broad rang.e of Public Safety legacy IP dala
applications including Interne\, Mobile VPN, CAD, mobile office, texl massaging, locelion,
lookups, and records will be supporfed as well as uplink and downlink slreaming video. The
form factor of this device williollow commen;ial induslry norms and be conducive 10 flOmadic
PC usa bolh ,n and out of tile vehicle,

The USB-dOllgle will support the 3GPP Release 8 sLandard interface 10 lha LTE RAN, and
operale as a 3GPP Power Class 3 device The USB-dongle will be able /0 roam to other
regional Public Safety LTE. Due 10 lhe physical size of lhe USB-dongle devicas, lhe benefits
due 10 2X2 MIMO downlink"";iI be limited

Vehicle Modem

The vehicle modem is an essenlial componenl for vehicle-based first responders and law
enforcemanl officers in either urban/suburban Dr rnral anvironments It will supportlhe 3GPP
Release 8 slandard interlace to the LTE RAN, nominally es e 3GPP Power Class 3 device, and
polBnlially al higher power levels, depending on final FCC rules releting 10 interference
protection, and ERIC's andorsement The vahicle modem, equipped with a set of external high
gain omni-<!;rectional MIMO entennas, offers improved link bUdget and throughput performance
compared to embedded PC or dongle solutions and is key to eXlending per site coverage range,
particularly in rural environmenls The vehicle modem will be able to roam to olher regional
Public Safety LTE networks.

The vehicle modem will be suitably rugged for cab or trunk vehiclp, mounting and support
Ethernet-besed wired compulers end peripherals, liS well as internal GPS capability. A brulld
range of Public Safety tegacy IP daLa applications inclUding Internet, Mobile VPN, CAD. mobite
office. text messeging, localion. lookups, end records will be supponed as welt as uplink and
downlink streaming video from the vehicle.

The vehicle modem is intended to be maneged remolely and upgradable over lhe air via
slandard meens such as OMA_DM.

Smartphone

A handheld device Ihal operates on the PSST spectrum and serves as both e data and phone
device is importanl to eerly Public Salety LTE depioyments, particulerly in urbanls~burben

environments Where on-street or in-bUilding po.rtable coverage is provided. It Will support the
3GPP ReIB!lse 8 standard inlerface to the LTE RAN as a 3GPP Power Class 3 device, with
inlernal MIMO entennes. The srnartphone witl be eble to roam to other regional Public Selety
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LTE networks. The smartphone will have Ihe capability of also roaming 10 a commer~al

network for dala and lelephony services as a backup to Public Salety LTE services.

A broad range of Public Safety legacy IP daLa applications induding Internel, Mobile VPN, CAD,
mobile office, text messaging, locetion, lookups, and records will be supported a5 well as uplink
and dOWlllink slreaming vidao. The smartphona will be able 10 support VolP sarvicas such as
commen:;ial PTI and telephony on lila PS LTE network, as well as lagacy circuit swilched
telephony. The devica will be of a form lactor suitabla for bait or pockat, with user ergononics
as driven by Ihe commercial market, bul suitable for Pubiic Safaty usa in a range of indOor and
outdoor environments. Standard commen:;ial capabilities such as a high resolution camera,
GPS, 8luetoolh, and WLAN will be supportad.

The smartphone is inlended 10 be managed remolely end upgradable over Ihe air via sLanderd
means such as OMA-DM.

B. Applications

The FCC has idenlified in lheir 10-79 order a list of minimum waiver applicalions potenlial
waiver grantees must support. These applications provide the foundation for meaningful
nalionwide inleroperability. This section will demonslrale how Ihe waiver syslem will support
these applications.

B.1 Internet Access

Today, responders typically utilize their vehicle-docked Mobile Data Terminal (i.e. ruggedized
laplop) 10 accesslha Inlarnal ovar a secure VPN to lheir home agancy Inlranel. The
responder's vehicle Iypically conLains a 3G commercial cellular modem. In Ihis usage model, a
public safely responder "looks" lika a mobile enlerprise employee. An IT administrator from lhe
agency facilitales lI1e (M)VPN solution used in lIle vehicle and provides an agency Inlranet Like
corporations, the agency Intrenel contains valuable dala and resources necessary for
responders 10 do lheir job (as does lha grealer Intemel). Also, the IT administrator:

• eSlablishes policies as to Which Internet siles may and may not be accessed
• logs responder activitias on the Inlernet
• provides VirUs/firewall proteclion

~ a technology, LTE provides 2 methods to access the Internet: (1) by the responder's home
system (i.e. home roulad traffic) and (2) by lI1a roamad-to (visiled) syslam (i.e. locel breakoul).
The UE selects an access point name (APN) identifier and the EPC delermines whether lI1e
APN is for home routed or local braakoul traffic. The aystem ie configured to provide Internet
Access by first accessing the responder's home system (i.e. Internetllntranettraffic is
home-rouled). This will allow the home agency to continue to support the above enterprise
bUllet points. This is accomplished by eilller adjusting the defaull APN in lhe responder's HSS
record or by requiring lIle responder's home APN (0 be programmed into (he device (and used
during allachmenl).

Serving the Internel from a home APN lessens lI1e need for addilional APNs on the device.
Each additional APN may imply lhe device connects 10 more and more network segmenls (and
subsequently hes multiple IP eddresses); increasing complexity and security risks atlhe device,
Therefore, home-routed Internet Access reduces the need for a "local APN" while roaming and
improves security on lhe device.

If (he responder's device is allowed 10 directly access lIle Inlemet from lhe visiled syslem, il
bypasses home agency logging, web-site policy, and firewall protections, This would be very
harmful to public safaly.
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B.2 VPN Access to Any Authorized Site and to Home Networks

The FCC has identified roaming onto commercial networks as an essential component for public
safety to obtain lhe bandwidlh rt needs in a crisis. Further, conneclion 10 lhe commercial
operator may likely lraverse e roaming clearinghouse. In some cases, even lhe Inlemel may be
used to carry public safety responder traffic whilsl roamir.g. For these reasons, public safety
should not expose control or media traffic to Ihese unlrusled networks. A secure VPN or MVPN
Is provided for confidentiality and Integrity of the responder's UE trafflc. If ulilized, a
matching device client may be necessary. A dedicaled (M)VPN server may also be required and
may be deployed witll the EPC or agency, as the regional system diclales.

In eddilion 10 Ihe descriplion provided in Ihe previous Inlemel Access seclion, it is important 10
nole NPSTC's recommendetion for VPN access cited secure access 10 public safety databases
and agency reporting by way of Ihe responder's home syslem.

B.3 Status/Information "Homepage"

The Status/Information Homepage (SIH) builds upon the two previous features. Access to the
local SIH will be prO\lided 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 musl be protecled as il
Iraverses un-lrusled networks (see reasoning in seclion B.2),

The SIH is ell\lisioned to provide home end roaming responders with incidenl-speciflc
information. alerts, system status, weather, traffic. and other information. This informalion may
come from Computer-Aided Dispatch (CAD) lerminals, responders, or in the future Ihe NG911
ESlnel.

Because routing to the UE's home system is assumed for Internet access the following
lechniques may be ulilized 10 obtain access to a visiled system's SIH:

• Explicit Addressing
The responder expliciUy enlers the URI. (e.g, https://publicsere/y,bignel.gov)oftlle
region they wish 10 connect wilh inlo their web browser or selects from a pre-populated
lisl of URLs in Ihe browser. Although Ihis requires responders 10 know the URLs, or the
correcl URL to choose, for the systems they wish to obtain information from, it is the
mosl slraighl-forward approach. Addilionally, a well-known national URL could be
prOVided which contains links to all regional SIHs.

• Location Mapping
Responders attempl to access a well known URL and the home syslem uses localion
services to redirect the raquesl to tile sarving region's SiH. This method would require
some form of user location informatiort, such as GPS coordinales or serving cell ID, 10
be provided to the homa syslem. This also requires a supporting directory service whict1
maps user localion 10 stalus home page address.

For initial deployments, the Explicit Addressing method is utilized until further
standardi~tlonor polley definition Is provided.

Because the SIH will contain sensitive information and be accessed by many different
reaponders (end roamir.g responders), role-based authorizations are necessary to protect
SIH conlenl. Because it is impraclicalfor every SIH to contain subscription and aUlhorization
informalion for every public safety device in the U.S., a method is necessary to provide
federated idenlity management 10 a SIH server in a visiled syslem. The visiling responder's
aUlhenticated role must be known by Ihe visited SIH and only informalion Ihe responder is
aulhorized for (besed on role) should be prasented. One such widely-adopted technique for
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providi,~g federated identity msnsgement ia the Security Association Markup Language (SAML)
Iramework.

B.4 Access to Responders Under the Incident Command System

Tha Nationaltncident Command System (NtMS) has deflnad the tncident Command System
(tCS) to help quickly coordinate and organize mutual aid situations for typically large incidents.
ICS offers many benefits including a command and conlrol structure, common vocabulary,
slaging, incident action plan, and integraled communicalions.

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

• by lhe region requesting mutual aid assistance
• bya hooting entity
• on lhe Inlernel
• by an on-scene command vehicle (lOee lOecJion 4.5)

Regardless of deploymenl, applications used for iCS access (such as an ICS server or mulual
aid communicalions service) must be accessible by bolh home and roaming UEs in Ihe public
lOafely rag ion wt1ere the incident is taking place. II may also be rlace5sary for responders
oulside Ihe incidenl regiorlto accass the Mutual Aid applicalion(s). This requires lhe public
safely rag ion to support an IP plan with roule-abilily between Ihese different applicetion
deploymenls and home/roaming dellices. Techniques thai will iJ@requiredtosupportthis
include:

• Static IP addresses
• NATINAPT

8.5 Field-Based Server Applications

• ONS
• IPII4v6 translalion

Public sefely lodaywill deploy ·command lIans" and other laclical mobile ~hicles 10 address
specialized incidents, such as hurricane6. Typically, these lIehicles use cellular tectmology as
lhe "last mile" for an application server co-resident in the command 11'11"1. Similarly, Ihe LTE air
interface will serve as "last mila" for field-based application servers (both fi_ed and mobile
applicelions).

Thasa applicalion servers must be accessible by:

• respor;ders homed to the same public safely regkm as deploying lhe applicalion
• roamers in the same public safely region as deploying the application
• responders homed in olher public safely regions or carriers
• Internet users wilh authorization

In order to achielle lhis, il is anticipated one or more LTE modems will exisl in lhe command
V<ln. From LTEs perspective, each modem will be trealed as a UE (i.e. will have an IMSI, be
authenticated, elc.), however HSS configuration will allocate the LTE modem e sialic IP address
(part 01 a well-known local APN in the ragion). In order 10 be Inlemet-visible, this sialic IP
address wili have 10 be NATed to the larger Internel and lntemet-visible ONS records musl be
cree led. In lieu 01 providing a sialic IP address for lhe command van modem, it is also possible
to proVide a dynamic IP address and utilize a dynamic DNS service (whereby [he dynamic
address is directly or indirecUy Intemet-roulable). Such an approach may be more suitable for a
command ~n thai serves multiple regional syslems. Finally, proper PCC configuration will be
necessary 10 provide suilable "last mile" OoS resources using Ihe LTE air inlerface.
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C. Reliability and Availability

The solulion provides for high reliability and high availability for Ihe following network
componenls:

• Dala Center and NOe
• LTE Enhanced Packet Core (EPC)
• Transport network
• Radio Access Network (RAN)
• Mobile and portable User Equipment

In addition, Ihe solution also includes support for a MVPN which enables mulliple access
lechnologies, such as WLAN, 3G, and commercial carrier 4G networ1<s.. Pleas.a rafer 10 seelion
AA for additional information on the MVPN. The MVPN provides an addltional/evel 01 disaster
resilienca by virtue of access 10 Ihose networks, in thai if a network becomes congested or goes
down, Public Salety user.> will be able to oblain service on allernale surviving networks Ihrough
roaming agreements wittl the carriers. These agreemenls with the carriers will add to the
reliability and availability or the network. Due 10 Ihe fact Ihey will be two separate networks. We
also plan 10 partner with San Anlonio to fully backup our core for better reliability. We are
wor1<ing on an agreement with the carriers that will allow us to maintain the same level or OoS
while roaming onlo Ihe carrier networks. We believe this is Il1e way 10 make certain that wa
prolllCl our public safely officers and the public they protact.

C.1 Regional Data Center and Network Operations Center

In order 10 mainlain service availability, Ihe nelwork has been designed wilh mulliple leyers of
redundancy and resiliency. Tha network C<I" be deployed such Ihat module failures, node
failures, and even failure 01 an enlire dala center site will not degrade network service
availability. The Region:J1 Data Canlar and NOC can be deployed in a fully·redundant
configuralion, s.uch Ihal a calaslropllic failure or a dala center location will not result in the loss
of critical functionality, since all operations and lraffic can be served by an allemala dala cenler.
One eX:Jmple of Ihis is Ihrougl1 our partnership wiLh San Anlonio who is currently going through
Ihe BTOP application process and has already received lheir w:Jiver, If awarded, Iheir LTE
(EPC) will allow a redundancy level thai can eaSily accommodate our combined LTE network
infrastruclure and clientele footprint. Due 10 the fael thai li'ley are further inland and will conneel
to us :Jiang :J m:Jjor evacuation roule is an additionel benefit This relalionship also allows ror tha
possibilily of us.ing pre-existing dark fiber in lhe ground along this major interstate lor backhaul
and redund:Jncy purposes.

Natwork elemenls are modular and fault tolerant, providing advanced high availability featuras.
The high availability elements conla,n internally radundant components which include:

• Redundanl data palh swilch fabrics
• Redundenl conlrol palh swileh fabrics
• Multiple powar supplies using separale power feeds and buses
• Redundanl network processing modulas
• Redundant application processor modules

Server redundancy is supported. In Ihe event of a server failure, redundanl servar nodes are
invoked. High availability network elemenls include load balancing ror application processing
modules. In tha event or a failura of a module, traffic will be dislribuled over Ihe remaining active
modules. Modules are hoi sweppable, wilJ1 repair end replacemenl taking place wilhout
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disruption of normal operalions. The re-initialion of the configuration and sortware. lek$ placa
upon replacement of the module prior to being placed into service.

C.2 Enhanced Packet Core

The EPC is comprised of the following standards-complianl network e.le.merlll;;·

• Home Subscriber System (HSS)
• Policy and Charging Rules FUrlction (PCRF)
• Serving Gateway (SGW)
• Packet Data Gateway (PGW)
• Mobiiity Management Entity (MME)
• Element Meneger System (EMS)

These componenls are inlernally redundarlt and designed to provide robusl tll'Irdware reliabilily
and service assurarlce. The solutiorl is able to support EPC comporlarll pooling 10 achieve a
highly available and r$ilient syslem with disElster recovery capabililies. Operation and
mainlenance componenls can similarly be deployed irldependerltly in redundant and
geographically diverse locations.

C.3 Transport. Network

Trarlsport nel;work msiliency is accomplished by enabling an IP mesh backbone network. As an
analogy. Ihe public Intemel is highly available dua 10 inheranl mesh and/or ring connection of
corn routers. Additionalmsilience in the "last mile-links can be supported by deploying
mdundanllinks betwean Iha backbone end Ihe network sites. Ethernet switches Which comprise
Ihe Iransport nodes also use redundant hardware wilh dual homed swilch ports. Failum of a
sw;tch or oplical inlertaca module will nolmslJll in Iha loss of traffic now Ihrough the mission
critical COrEl, If any lailurw of switches. links or modules occur, traffic will be switched 10 a
backup module or port IntBrfaca radundancy allows backup linkS and ports. In addition, Metro
fiber rings can be leveraged to connact Ihe cell sites and data centers. Agency networks are
equipped with radundanllinks to eEl(;h or Ihe dala centen;o To furtl1ar assist in this araa we will
have a microwava backt'\aul system and possible partnerships wilh stBle and commercial fiber
ownars. This added connecliv,;(y will complete Ihe necessary resilience for Ihe scale of network
we Elm planning.

Radio Access Network

The network site civil facilities are construcled according to induslry besl practice slandards fo~

• Building conslruc~on

• Seismic robuslness
• Fire suppression
• Lightening and power surge prolection
• Eleclromagnatic energy safaty and intarfarence Inanagelnerll
• Power Ulility service intercorlnecl and backup power sources

The solution includes sile hElrdening slElndards which covar Ihe dasign, conslructiorl. and
maintenanca aspects for each of these disciplines.

The solulion also leverages state-of-tha-art system-on-chip (SoC) processors Thase
processors enable an exponenliel reduclion of Ihe number of chips and power consumption of
electronic modules as compared to pravious ganaration technologies. As e result Iha Maen
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Time to Failure (MTIF) of electronic modules has increased significantly as compared to
previous generalion technologies. This has enabled a reduction in lhe number of redundant
modules while mainlaining required levels of service availability,

In addition, Ihe solution will inctude support for Cells on Wheels (COWS) provide coveraga
replacement and/or additional site capacJty, This approach requires manual transport of tl1e
COWS to ltie lergel aree. Therefore, lhis capebility is lergeled el plenned events and large­
scale incidenls.

C.4 Mobile and Portable User Equipment

The mobile and portable User Equipment (UE) are hardened in accordance with Public Safety
besl-practices. Generally. Ihe eGO-syslem for LTE 700 MHz broedband Public Safety UE's is slill
emerging. However, we expecl tl1at as tl1e eco-system matures, a wide range of device
capabilities will be available to Public Safety mar1<.ets, spanning low-and commercial grada
devices to high-end davices compliant wilh mililary-spacificetions,

O. Radio Frequency (RF) Engineering

RF system pertormence fectOr!! such as coverage foolprint, throughput, and capacity depend
upon many differenl variables in RF dasign, including bul not limiled to ltia number of usero,
desired site density, system cost, lraffic model, etc, As such, tl1ese variables are interrelated, so
Ihat changes in one variable inevilably impact Ihe olhers, The Hams County (SIGNET) syslem
is designed to support current users and applications in the most cost effective manner and the
design is sceleble for fulure expansion. The following peragrephs describe the lools and
metl1odology used in designing Ihis network,

0.1 Radio Access Network Planning

The HarTis County (BIGNET) RAN design leverages extensive experience in modeling and
designing wireless packel deta networks, es well as exlensive experience in RF propagation
analysis.

The coverage prediction tools used in tl1is enelysis follow e two step process. Firsl, an inilial RF
propagalion analysis of the service area is performed using known models such as Okumura
wilh shadow loss and TSB-88 slalislicel melhods to provide a highly relieble prediclion of
coverege performance. Second, the tool performs a discrete event Monte Carlo simulation to
modellhe LTE system besed on current and futuro requirements, This deleiled simulelion
characterizes the system performance and interference analysis based on a particular number
of usero and e Iraffic model. Coverege maps are besed on lhese simulalion results, which
depict coverage at certain performance levels. Coverage maps for BIGNET including HerTis
Counly's proposed LTE foolprinl end ell pertnering egencies are provided in Appendix E of this
document. Section 0.1,4 of this document providas datails of tl1e Iraffic model used in our
simulelions,

D.1.1 RF Propagation analysis

The syslem is designed wilh coverege prediction tools, which were developed 10 provide en
accurate prediction of radio coverage for a particular system by applying provan models 10
detailed system end environmental dele across large geographicel ereas.

The syslem factors enelyzed in the covsrege modeling include: frequency, dislance, transmitter
power, receiver sensitivity, antenna haight, and antenna gain. Environmenlal Factors such es
lerrain varialions, obslructions, vegeletion, buildings, ambienl noise, inlerference, and land-use
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in general are also leken into consideralion for lhe analysis, using Itle data provided by
environmenial and lopographical databases. Employing the knowledge gained from Motorola's
many years of practical experience and coverage testing, these coverage designs are
performed by computing coverage, and lhroughpul on every lile in a defined service area, lhus
providing the most accurate coverage prediction and raliability results.

0.1.2 Network Capacity and Throughput Analysis

The design melhodology for Ihe network was inlBnded 10 meel, al a minimum, lhe currenl
requirements of Harris County (BIGNET) member agencies as defined in the Hanis County
(BIGNET) Request for Informalion (RFI). However, il is recognized thet over time Hanis
County (BIGNET) member agencies will requill3 a more bandwidlh inlensive lraffic model.
Further, some member agencies may choose to limit use of commercial carrier netwol1\s thus
cl1anging Itle lraffic model of lhe Hanis Counly (BIGNET) LTE network. Wilh lhese goals in
mind, the Harris County (BIGNET) LTE network is designed to carry a certain amount of load
per user per busy hour es explained in lhe "Modeling Assumplions' seclion below. This
approach gives different Harris County (BIGNET) member agencies the nexibilily to vary the mix
of application types lhat conslilute this netwol1\ load per user. II elso allows lhe agencies 10
create a prioritization scheme and standard operaUng procedures that govern lhe use of fixed
and shared resources in lhe netwol1\ under normel end emergency condilions.

0.1.3 Scalability, expandability, and cost effective design

In any wireless network, Itle goals of coverage and capacily are intertwined and inversely
proportional, Keeping in mind lhe connicting needs of a cosl effective design and high capacity,
lhe network design methodology allows Harris County (BIGNET) member agencies the use of
4G type broadband applications while allhe same lime meximizing coveraga from Ihe evailable
siles to ensure a cosl effective solution. This approach anticipates the currant capacity
requiremenls and ensures the abilily 10 add further capacily wilh lhe addilion of sites in lhe
fulure. Harris County (BIGNET) anticipates the need for a larger numbar of sites ovar time to
support extensive use of streaming video. Our design offers a nexible approach starting with an
affordable nelwol1\ deployment optimized for coverage wilh a plan to build capacity as addilionel
funding and c.apadty needs are idenlifled.

0.1.4 Modeling Assumptions

To dale much of Public Safety wireless dala usage has been Iimiled to narrowband networks
and few data poinls are aveilable 10 shed lighl on Public Safely usage on 41tl generalion
broadband nelwol1\s. While commerciai wireless data usage has been incll3asing significantly in
recenl years, lhe more recenl widespread use of smart phones has provided some insights inlo
polential data consumption on 4th generation broadband networks.

In order lo errive al a suileble broadband nelwol1\ profile for Public Safety, Harris County
(BIGNET) made certain assumption for lraffic usage in the south and east Texas region.

The following parameters were also used for this design:

• 95% area reiiability.
• Coverage based on up 104 relries.
• Mobile on 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 gain at lhe eNodeB.
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• Antennas heighls ranging f'om 75 -100 leet (unless required otherwise by lhe Herris
County (BIGNET) RFI).

• Single Frequency Reuse of lhe 10 MHz PSST spectrum in a 5+5 MHz configuration.

A lisl or iniliel plenned siles and coverage maps is provided in Appendix D of lhis documenl.

0.2 Interference Coordination

Tile solution will employ several techniques and reelures 10 mrtigale inlerference among Band
14 eNB's within a region and with edjacanl regions. These lall into two general categories:
Network Plsnning snd eNB Feetures. Note that Netwol1o; Pianning techniques may be epplied 10
equipmenl from sny vendor, and lhus should be the first line of defense from en inle,operability
point aI view. However, in a multi-vendor environmenl, eNB Features are dependent on vendor
support lor specific fee lures end compalibilily of the vendor implementations in terms of
slralegies and optimizations as applied (0 inlra-bend inlerference miligalion. Thus it is possible
thai vendors of adjacent regions will be required to optimize end/or edepltheir IlNB lealure
implementations for interferance miligelion compalibility. Below a,a lechniquas and features
which may be employed in the system:

0.2.1 Network Planning

LTE syslem capacily and coverage performance depend on interference lavels; therafore,
intarference miligation is 13 primary objeclive of L1£ RF syslem design. Several measurss ars
taken during lhe syslem design phase (0 mitigala interference including selecting appropriate
anlenna pattarns, adjusting lhe individuel seclor enlenne tHis, and selacting optimal site
localions and sita separation disLances

0.2.1.1 Site Separation

An LTE system cen be designed as nOise limitad or intarference Iimiled, depending on lhe
separalion distance between silss, In the cass of a noise limited design, lhe coverage boundaJy
is reached when the desired signsllevel is wiLhin a given threshold of lhe thermal noise ttoor. In
conlrest, when sites are daployed dose logether in a geographically conliguous mannar,
performance becomes limited by the co-channel inlerferenca as opposed to the lhermal noise
Moor. The sile separation distance also depends on the propegalion environmenl and is
selecled to ensure that all coverage and interference requiremenls are met. Interference is
attenualed more readily in environmenls whare the propagation palh loss slope is high and less
readily in environments where the propagalion path loss slope is low. The proposed vendor's
L1£ design procedure and lools account for thasa differences in propagalion environment es
wall as the noise limited versus inlerference limiled consideralions when determining the
optimal sile localions end separalion dislances.

0.2.1.2 Antenna Down-tilt

Down-tilting is lhe method of effeclively adjusting lile vertical radiation paltern of the anlenne of
tha base slalion 10 direct lhe main energy downwerds and redUce lha anargy directed towards
the horizon. Down-tilting can be usad 10 improve the level of coverage close to the site where
"nUlls" (a.g. coverage holes) may exisl due 10 the effective heighl or the anlanna. Down-lilling
can also be used to reduce interference caused by reflections or undesired RF propegalion
beyond a predelarmined footprint.

The final phase of the design process incorporales lurfl1er delail into lhe design. This phase
may include such itams as colleclil"lQ driva dala 10 be used to tune or calibrale the propagation
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prediction model, and fine tuning of parameter seltings, such as antenna dOWf1-li~ing. This final
design process is rllQlJired in Ihe deployment of a system. The main benefrts of downlilling are:

• Conlrol range of site
• Reduce energy at the horizon
• Maximize effective coverage closer to lt1e site
• Reduce co-channel interference in adjacent sectors

The amount of down-lill depends on Ihe height of the antenna abollEl the ground, Ihe
cheracteristics of the terrain, and the vertical beam-width of the antenne. The horizontal antenna
beam width is selected to be narrow enough to limit inlerference between sectorll yet wide
enough to ensure reliable coverage. The vertical antenn'! beam width is selected to balance
good coverage wrthin the serving sector and interference mitigation to distant sectors. Antenna
tilts are adjuslBd fur eadl sector to optimize coverage within thB serving sector while affenuating
interference to distant sectors.

0.2.2 eNS Features

0.2.2,1 Static ICIC:

Inter-cell Interference Coordination (ICIC) is parf of Ihe 3GPP standards. It is recognized as a
means to improve coverage and edga of cell performance. This leatura", intended to minimize
inter-cell interference by providing e fixed, static melhod 01 allocalil1fl resource blocks between
cells within tha system. This method relies exclusively on information contained in each eNS,
and as such does not require lt1s use of messaging aClOSS (he Xl interference between eNBs
nor does it require any kind of dynamic coordination tlelween eNB schedUler processes.
Anolher aspect of this static ICIC method is support for wideband and narrOWband services by
allowing thB independent scheduler processes to allocate the entire channel bandwidth (all
resource blocks) to a single user if needed, An importBnt realization of the use of staUc ICIC
melhods is Ihallha raal-wortd traffrc distributions are highly non-uniform spetially and
lemporally. The static ICIC mathod takes advantage of this non-uniform, ~me variant traffic to
provide maximum coverage and parformance fur most scheduling opportunities by in essence
providing IrBquancy reuse in lt10se siluations. This static ICIC method may also be known as
Prelerred Frequency Reuse. The concept behind this melhod is to provide each cell with a iist
oj prelerred reSQurce blocks for allocations and to make each cell's list unique 10 avoid
inlarferenoo with adjacent cells

0.2.2.2 Semi-static ICIC:

Semi-static ICIC is also part of the 3GPP standards. This feature is intended 10 minimize inter·
cell intarference by making use of 3GPP standardized messaging across Ihe X2 interfarence
betwaen eNBs. Measurement reports exchanged between eNBs over the X2 inlerface can be
used to support interference coordination in bolh Ihe downlink and uplink. Semi-static ICIC
relies on Ihree types of measurement reports between eNBs. Reporting of Relalive Narrowband
Transmit Pcrwer (RNTP) between neighbor calls enables downlink ICIC. In the uplink, ths
slandard supports reporting of a reactive Overtoad Indicator (Ol), which indicales Ihe level 01
uplink interference and noise. The standard also supports a second uplink indicator, High
Inlerference Indicator (HI I), which allows an eNB to report to neighboring eNBs Ihat it will soon
be scheduling uplink traffic by ona or more cell-edge UEs in certain parts of the bandwldlh
These Ihree measurements can be e~changed on a periodic basis between neighboring eNBs
Lo allow lhe eNBs to reconfigure their usage 01 ResourCE> Blocks.
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0.2.2.3 Frequency Selective Scheduling:

OFOM systems can take advanlage of frequency diversity and frequency selecUvity gain via
scl1eduler algorilhms. Frequency diversity gain is achieved by allocaijng a UE in subcarriers
spread across the entire carner bandwidth. Frequency seleclivity gain is achieved by allocating
an UE a contiguous set of sub-bends wilhin some fraclion of lhe carrier bandwidth that is
favorable 10 lhat UE based on narrowband fading conditions and/or interference. Frequency
diversity scheduling may be preferred for users with high mobilily while fraquency seleclive
scheduiing is praferred for users wilh low mobility.

E. Testing

This section of the document describes thE'l aclivities associaled wllh teslinll which validates key
functionality, perfonnance and interoperability requirements of the PS LTE solution. Thi" is in
addition to the extensive testing perfonned by Ihe solulion proVider in Iheir intemallaboralories
to en"ure confonnance of their LTE solulion 10 3GPP standards. An outiine of this tesUng can
be provided by our solutions provider. We as a Waiver Recipienl are also planning 10
participate in the PSCRIOC demonstratiOl) I)etworll, sler1il"\g in 2010. In order to meet lhe
requirement of the Waiver Order, a trial activity will be plal)ned using our selected PSLTE
solution. This lrielaclivity will con"tilule and form lhe ba&i& lor il"\lliallesting ollhe system. This
"eelion provides al) ovarview of the trial activities (iniliallesting).

The triallifecycle is broken into four stages: Sile readiness, installation acUvitie". inleroperability
testing, and tesl execulion for specific funclionalily and applicatiol)s

Sile Readiness: Thi" includes all achvi!les relaled to preparing the chosen site(s) for equipmenl
installation. Site readiness begins after ttle siles have been idenlified for lhe lrial.

Installation: This includes all aclivitias relaled to inslalling lhe Irial equipmenl. This staga is
"tarted once sile readinass has completed and ends ...men ailihe equipment associaled wilh the
trial network has been installed. This stage also includes any lesting to verify lhat lhe
eq uipmenl was inslalled cona<;;lIy (ref Heallh Check),

lOT: This slaga specifies lhe interoperability tests execuled as part of the lrial network. II
includas all aclivities reiated 10 velidaling Ihal olher suppiier components of Ihe trial network are
funclioning coneclly with our solutions provider's componenls of lhe trial network prior 10
inilialing trial lesting

There are two aspects of interoperabilily lesling that musl ba addressed: 1) The Network, and 2)
Devices. The networt<. component validates that the other suppliers' network elements are
suffici8l1tly Junctional with our selecled supplier's network componenls to initiale lriallesting.
Tha device" componenl validates thallhe devicas used in the trial are sufficiently Junctional wilh
l)(Jr network componenls to initiate triallesting. The signaling procedures for lhe differenl
interfaca" will be lested using syslem lavel u"e cases as defined in the lable below.

sFiQure 1.0 Interface Procedure to Svstem Use case Ma n 1

lnterf~ee Interface Speeific:ation System Level Use Case
Procedure

S1-MME Reset Link M~n~gement

S1 Setup-
Handover S1 Based Handover
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E-RAB Selup, Modify, end Dedicaled Bearnrs
Release

Iniliel UEfConlexl Atlach, Detach,
Authentication, TAU

UE Conlexl Request, Atlach, Detach, Dedicaled
Release Modification Beernrs

Uplinl<lDovmlink NAS Atlach, Detach,
Transport. NAS Aulhenlication, TAU,
Delivery/Error Indication Dedicated Beerers

S1-U GTP Procedures Link Management

Bearer w/o Fragmentation Uplink/Downlink Bearer
Traffic

Bearer with Fragmenlelion Uplink/Downlink Bearer
Traffic

S1-U
Link Management
Non-fragmenled IP over GTP-U
Fragmented IP over GTP-U

•

•
•

The syslem level use cases Ihal will be used 10 lrigger and drive messaging for the lOT
interfaces are detailed below:

S1-MME
• Link Management
• Attach
• Ralease
• Service Requesl
• Tracking Area Updales
• Detach
• Aulhentication
• Dedicated Bearers
• Hendovers

Uu-LTE: This is demonstrated using the devices. This will also have been demonstrated
Ihrough device vendor specific lOT tesling in Ihe lab.

Tesl Execution: This slage specifies Ihe funclional and parformance tesls executed as part of
the trial. This stage is started once interoperability lesting has completed. The following
aspecls will be lesled:

• Inler-Node Communicalion Verilicalion
• Operations and Maintenance (OAM)
• Single User Stationary Calls
• Multiple Users Sialionery Calls
• Single User Throughput vs. Mobility
• Single User wilh OoS
• Multiple Users with OOS
• Multiple Users Mobility wilh OoS

As part or Ihe goal 10 achieve nalionwide inleroperability, (ha following applications and
inlarfaces will ba lasted as part of Ihe trial activilies, with lasling distributed over time and as the
technology matures (feelures are edded) and Ihe standards evolve. The applications and
inlerfeces to be lesled in the iniliallriallimefreme (2010) are noled. The inlertaces Ihal are in
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S10-MME 10 MME support for
Calegory 1 handover support
X2-eNB to eNB (Iniliel Trial)

•

•

support of Ihe required roaming model Wi'I\ ba lest!!'d in two ways. Those inlerfaces Ihel arl:! part
of tile roaming feature will be lested in our supplier's intemallaborl:!loryenvironmenl.As
systems are deployed in Ihe lIeld, end as we encounler other vendors' equipment oulside or our
home networ1<, we will actively work 10 conducllhe proper lOT testing wilh Ihel agency (Iocel or
regional) and Iheir supplier 10 verify (he implemented solulion. In Ihis way we will address Ihe
fundamenlal roaming requirement and in testing the intenaces (visited to home) lisled below.
Application6

• Inlernel access (Inilial Trial)
• VPN access to any auU10rizsd site and to home networks
• Sialus or information homepage
• Access to rl:!sponders under the Incidenl Command Sysleln
• Field-based server applicalions (Initial Trail)

lnte-rfaces

• Uu-LTE air intenace (Inilial Trial,)
• S6a·Visited MME 10 Homlil HSS
• S8-Visited SGW to Home PGW
• 59-Visited PCRF to Home PCRF

for dynamic pOlicy art>ilration

For tile Iriel networ1<, a configurallon consisiing of Ihe following elements (in addilion to tools
and transport elements) will be us!!'d as the test bed: eNB. UE (USB dongle, VSM, and/or
Handheld Portable, availability 10 be specified in our Roadmap over lime), MME, SIP GW, and
HSS/PCRF,

The software used in the tesl bed and as parf of Ihe verillcalion triel is complian\ to 3GPP
Release 8 of Ihe LTE standard.

A listing or LTE lesl lools ul;,lized by the solulion is included in H.Appendi)l D,

F. Deployment

In lhis seelion we will outline (he Harris County 81GNET deployment plan. Pleese also reler to
the Chart D.1 and Graph 0.2 in appendi.. D.

Pre·Build out schedule

91112010· 1/2812011

•

•

•

•

•

•

•

•

•

•

Team formed wilh Harris County. vender and c.arrier partner

Office 8uild out lor addition slaff end vender team

Hard8l\8d facility service agreemenl finalized

Sile survey done on ali sites

List of carrier partner co·located siles established

List of non carrier sites esteblished

Fiber connectivity for backhaul solidill!!'d and estimated cost wilh SLA epproved

RF and environmenlal studies done

Contraels, leases, permits and other logistical paperwork eSlablished

SIGNET committee made aware of inlent 10 begin oonstruclion
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• The HSS • PGW, Bnd peRF which ma~e up [he upper core will be purchased end
IOGElted alttle hardened facility

• A MME and SGW Ihi!lt mtlke up Ihe lower core will be pun:hssed Bnd installed al406
Caroline a matching 56l will be installed at the hardened facility providing redundant
palhs_

• The PSIG will be purchased and installed el406 Caroline

• Mobile command and COW purchased for Mid- project Busines!l continuity Preparation

• Additional support items in the tann of servers, storage, network hardwilrll .
applications and licenses, flrewalls , IPS. AG, Power cabling and infral;truclure • as
well as support personnel era purchased and implemanled at 406 Caroline

Build out Schedule Phase 1/year 1

(60 6it~1l5 per year· 5 per month -180 remain)

9/1/2010- 9/1/2011

• Equipment order phase one

• Inlraslruclure build out flower bunKer conslrudion and certification

• Equipmenl insl..llabon of cellular, backhaul, fiber oonneclivily

• Tesling sigrJal strength and range

• Testing redurJdanl palh and beckhaul

• Site oertifical;orJ, activation, and monitoring

Inleroperability connection and development

11112011 - 613012011

• Connectivity of the PSIG to LMR P25 SYSTEM TEST

• Connectivity to the counly inlernel tesl

• Firawall retention and policy enlorcsment lest

• Application and developmenl juslice apps lest

Roaming 10 and lrom carrier natwork test

Carrier ..pp~calion usage on natwork test

• E-m.. ~ and text routing lesl

• Integralion 01 client apps inlo network lest

• Use and policy enforceme'll test

Priority of service test

• Priority of service ovar carrier tesl

• Connection 10 slale or federal applications test

• Connection 10 San Anlonio EPC core natwork tesl
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• Transfer 01 load to San Antonio core lest

• 911 and GH91 1 integration

• Begin inilial dienl loading and modify accordingly

Build out Scl'ledulll phaso 21yaar 2

(60 siles per year· 5 per month·12D remain)

9/112011- 9/112012

•

•

•

•

•

•

•

Equipment oaler ~Ilyl!tl two

Infraslrucll.re build QUi f tower bunker conslruction and certilicalion

Equipment installation of cellular, backhaul, fiber conneeli"ily

Testing signal5trenglh and range

Tssting redundanl path and backhe.ul

Sile certification, activation. and monitoring

Conlinue cienlloading improve issues with phase \

Report Progress 10 BIGNET, lechnic<ll, and syslelll ownersl partner<; committees

Interoperability connection and development - online

8130/2012 - 9/30/2012

•

•

•

•

•

•

•

•

•

•

•

•

Connectivity of lhe PSIG 10 lMR P25 SYSTEM (Produclion)

Conneclivity 10 lhe counly inlernel (Produclion)

~irewall retention end policy enforcemenl (Production)

Application and development justice app5 (Production)

Roaming to and from camer network (ProducUon)

Carrier appli!;llllion usa~e on network iPruductiOl1}

E-mail and te~t rouling (Production)

Inlegration 01 clienl apps inlo network (Pnxluc',ol1)

Use and policy enforcel'lent (Proo::uclion)

Priorit)' of service (Production)

pciority of ",,'Vice ov"r carrier (Production)

Conneclion 10 stale or federal applicmiollS {Production}

Harris Counly (BIGNET)
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• Connedion 10 San Antonio EPC core nelwork (Production)

• Transfer or load 10 San Antonio core (PruducUon)

• Continue initial client loading and modify accordingly

Build out Schedule phase 31year 3

(60 sites per year· 5 per month-60 remain)

9/1/2012 - 911/2013

• Equipment order phase three

• Infrastructure build out ftower bunker construction and cartification

• EqUipment installation of cellular, backhaul. fiber connectivity

• Tesling signal strenglh and range

• Tesling redundant path and bacKhaul

Site certification, activation, and monitoring

• Continue cJientloading improve issues with phaSe 2

Project evaluation, nut &tep detennlnation phase

• Rep(lrl Progress lD BIGNET, technical, and system ownersJ partners committees

G. Operations, Administration and Maintenance

The OAM&P solution is comprehensive and standards-based Il encompasses the entire
lifecycle, including system design, assembly and staging, installation and commissioning,
operations, optimizalion, and billing. Tha operations solution includes Fault Management.
Configuration Management, Accounting Management and Performance Managemenl (FCAPS)
support for the systam infrastructure and devices, as well as the following advancad capabilities:

Network Management System (NMS). The NMS provides an integrated point of control for Ihe
system. Il includes nelworK monitoring and recovery, security monitoring, pertormenca
management analysis and reporling, Integrated configura lion management, and infrastrudure
soflware upgrade.

Over The Air (OTA) Device Management. The device management solution is an indUStry
slandard solution tllat worKs with any Open Managemenl Alliance (OMA) clienl device, The
solution Device Menage.- provides an easy-Io-use intertace to perform software upgrade,
conliguralion and provisioning at a variety of public salllty devices, inclUding portables, vehicular
modems, dongles, and mobile data terminals.

Self Organizing Network (SON). The syslem SON solution, fully besed on 3GPP slandards,
providese self-eonfiguring, self-heeling, and self-oplimizing RAN solulion. Syslem planning
requirement>; ara significantly reduced, as cell neighbors and LTE physical cell idenUfiers are
aUlometically determined by the RAN infraslructure. InfrastrUClure P.quipment is aulomatically
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diSCOYerml aM pro~~\oned. The SON 6olution should simplify emergency coverage suct1 as
Cell On Wheels (COW). Key fealures 01 lIle SON offering include:

Aulomatic: Neighbor Reletions (ANR), which aulomatically determines the neighbors lor eact1
cell in Ihe nelwOOl, and oonlir1uously optimizes ttle nei\t1bour Iisls.

A~torll!lllc Physicel celilD (PCI), which automatically compules the LTE physical cell identifier
for each cell in lIle networ1<..

AL.,tomabc Load Balancing, ...nich biases 1'"te hBndcff dec:isions based Qfl the load presented in a
particular cell.

Automatic: H1mdover Opllmlzalion, whict1 optimizes the handovers between calls to eliminate
too-Iah~ and too-88rly handovers.

Integrated Subscriber Provieioning. The solution provides an integraled SUbscriber
provisioning solution lhel simpiifies the precess 01 adding new broadband subscribers 10 the
Reg'lon81 PUblic S~ety Sysle"fl 8r1d lhe Agenc:y,

Integrated Billing. The system provides an inlegraled billing solution Ihat supplies ct1arging
inlormalion, including the abiUly to support complex roaming and usage-based acc:ounting, The
b~lrng solution pro~k!es fobust dala analysis, repOl1ing, ,nvoicing and dam warehousing.

OJl.M&P exhibits Ihe following poinls of inleroperabilily:

• The seif--organizing network (SON) consists of use cases and interfaces dellned by
3GPP ano aigOl\ll'1micproc:essing 1\1 be dermed by aach vend\lr. SON algorithm
compatibility must be '/erified between vendors. AUlomalic Neighbor Relations (ANR)
and Automatic Physical CeillD (PCI) are two examples of SON algorithms thai need to
be verified for interop~rability hlltween I TF vend"~. Thi6 interoperobHity must be
demonslraled wiltiin a multi-vendor regional nBtwor1<. as well as across regional
boundaries,

• From e securily per!lpeclive, the OA&M authenticalion and euthorization framework
umizes indus~ry slandard sec:ure pr\llocols to enabie operational access wilhin the
syslam. The interoperabilily solulion le~",ril(Jes $!>H . HTTPSand SNMPVJ 10 mQinlajrl
c:orlfidenlialily and integrity of management relaled informalion. User aulhenlicalion and
authorization is enabied ttlrough the "se 01 LDAP and TACACS+. In addition, where
web basad Uls ara provided. Ine Securily AS\i.ar\i::.n Mar1<.up language (SAML) is
5uppor\ed enablirlg single sign-on authorization across different administratvll user
interface~ within the system

• SUbscriber provisioning use cases and inlerfaces between Ihe Public Safely Agency,
Regional Public Salely Networ1<. ano Ihe Commercial Carrier N8tworl\ must be
formelized.

• Devic85 !J1ould be OMI\.-oomplianl in order 10 ~upport standards-based devoo
managerrenl.
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Appendices

Appendix A.
ARP
BBTf

CAD

CJIS

DNS

EPC
E-RAB

flPS

GPS

GTP

HMT

HO

HSS

ICIC

IKE

lOT

IP

LTE

MBMS

MME

MVPN

NAPT

NAS

NAT

NCIC

NOe
NPSTC

OAM&P
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Definitions and Acronyms

AliocOilion al'ld Retention Priority

Broadband Task force

COmputer Aided Dispald1

Criminal Justice Inlormalion System

Domain Name Sarvice

Enhanced Packet Core

EUTRAN ROidio Accass Bearer

federallnrormalion Protection Slandards

Global Positioning Syslem

Gen8riC Tunneling ProlDcel

HEight Above Average Terrain

Handover

Home Subsmbar Server

Inler-CeUlnlerference Coordination

Internet Key Exchange

Inler-0perabilily Testing

In!II'nlill Protocol

IP Exchange (see htto:/lwwwgsmworld.oomlour­
lNO,kfprogrammes-and-initiatives/ill-
networking/ipi oo\;umllnls,htm)

Long Tll,m Evolution

Mullimedia Broadcast Mullicasl Service

Mobilily Management Enlily

Mobile Virtual Private Network

Network Address and Port Translalion

Non-Access Stratum

Network Address Tmnslelion

Nalional Crime lnformalion Center

Network Operalions Center

National Public SafelY Telecommunicelions CounCil

Operations, Administration, Maintenanca. and Provisioning

Harris County (BIGNET)
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OMA-DM

OOBE

PC

PCRF

PDN

PGW

PKI

PLMN 10

PMIP

PSST

PTT

OCI

a,s
RAN

RAT

RFI

SGW

SiB

SON

TAU

TS

TSB

UASI

UE

VlAN

VOIP

VPN

WAN

Open MObile Alliance - Device Managemenl

Out of Band Emiss;.ons

Personal Computer

Polil;y and Charging Rules FlIDclion

Packel Data Nelwori<;

PON Gateway

Public Key Infrastructure

Public Land Mobile Newori<; Identi~er

Proxy Mobile IP

Public Safety Spectrum Trusl

Push To Talk

00$ Class Identifier

Ouality of Sel"\lice

Radio Access NelWOrk

Radio Access Technology

Request for Information

Sel"\ling Gateway

System Informatl1:m Block

Salt Organizing Nelwori<;

Tracking Area Update

Technicll.l Specification

Telecommunications System Bulletin

Urban Area Securl)y Initiative

User Equipment

Vjr1ua! Local Area Nework

Voice OVl!r Internet Protocol

Virtual Private r.lelwork

Wide Arl!a Network

Harris County (BIGNET)
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~pendix B. LTE/EPC Functions and Interfaces

This seclion provides a detailed descriplion of Ihe LTE RAN and EPC infraslructure elements,
as well as Iheir corresponding interfaces. and is provided as a supplement to sections A.1, A.2
and A.3.

eNB - The eNodeB (eNB) provideslhe user plane and control plane protocollerminations
loward Ihe UE. The eNB cons isis of lhe inler-working function between Ihe backhaul inlerface
and Ihe base band interface. Ihe base band processing elements for the air interface, and the
radios.

• Radio Resource Management- Assignment, Re--assignmenl. and Release of radio
resources

o Radio Bearer Conlrol (RBC) - Responsible for Ihe Eslablishmenl, Mainlenance,
and Release of radio resources associated wilh specific radio bearers. The RBC
function must mainlain Ihe quality of exisling sessions when condilions change
due to environmental and mobility activity.

o Radio Admission Control (RAG) - Responsible for maximizing the radio resource
ulilizalion by intelligent admission or rejection of new radio bearer requests.

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

o Dynamic Resource Allocation (ORA) - Paellet Scheduler (PS)· Responsible for
Ihe scheduling of both user plane and conlrol plane packets over Ihe air
interface. Scheduling takes into account OOS requirements of users, radio
condilions, available resources, etc. 10 efficiootly utilize Ihe radio resources for
all active users.

• MME Selection when UE inilially attaches - A single eNB may heve communicelion links
to mu~iple MMEs. The controlling MME for each session must ba selected if Ihe UE
does not indicate a specific MME to be used. or if the MME specified by Ihe UE is
unreachable.

• Routing user plane data to the SGW - A single aNB may have communication links to
mulliple SGWs. The data streem for eech UE musl be rouled 10 Ihe eppropriele SGW.

• Scheduling end transmission of paging messeges received from Ihe MME.

• Scheduling and transmission of broadcast informaUon received from Ihe MME or
configured from the Element Manager - The scheduling on Ihe appropriate radio
rnsource block and periodic broedcasting is performed by Ihe eNB.

• Measuremenl galhering for use in scheduling and mobilily decisions - Scheduling and
handover decisions era performed based on uplink relaled measuremenl deta from the
eNB and downlink related measurement data from Ihe UE. The eNB configures Ihe
measuring and reporting criterie and collects Ihe data for input to the scheduling and
handover functions.

• Radio Protocol Support

o Radio Protocol Support

o Physical layer (Control and Bearer)
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o MAC (Control and Bearer)

o RLC (Conlrol and Bearer)

o PDCP {Control and Bloarer}

(l RRC (Conlrol)

o Session Irace

• Inler-eNB handover preparalion, Context & Buffer forwarding, \nter-cell intelfe,ence
coord inalion over X2 inlerface

• eNB also forwardS buffered downlink date during Iha Inter eNS hartdovern using non
guaranteed delivery of usar plane PDUs.

MME - The MME (Mobility Managemenl Enbly) manage, aulhenlicaling users on Ihe EPC and
tracks aclive llnd Idle usern in lhe RAN. The MME pages user! When Iriggered by new dala
;,rrivlng for an idie user althe assigned SGW. When a user "t1Bctles to an eNS, Iha eNS selects
a sBNing MME. The serving MME salecls a SGW and a PGW 10 handle the user, bearer
packats. The MME provides Ihe following funclions:

• Non~Access Siratum (NAS) Signaling. The MME is lhe larminalion poinl in Ihe networK
for cipharinglinlegrity proledJon for NAS s',gnaling and handles Ihe security key
management.

• Aulhenlication: The MME is responsible lor authenticaling lhe UE by interacling with lhe
HSS and is also rasponsible for lhe ger\8ration and allocalion of temporary idenlitia!< 10
UEs.

• Idle State Mobilily Handling. The MME is responsible for Idle mode UE tracking Md
peg',ng procedure including relram~missions. The MME handles page raquesl to ils
associaled eNBs that OOlllained Ihe tracking area list last regislered by Ihe UE.

• EPC Bearer Conlrol. The MME is involved in Ihe bearer acliv"tionldeaclivalion process
and is also responsible for selecJ,ng the SGW and PDN-GW Iur a UE at Ihe initia', allach,
dedicaled bearar aclivalion, service request, aM har-dover involving MME or SGW
relocatiOll.

SGW - The Serving Gateway lerminates Ihe S1-U interface lowards EUTRAN and is also Ihe
local mobility enchor for the UE. Tha mOb~ily anchor ftmclion applies to a mobile in Ihe
EUTRAN. In a commercial nelWork, Ihe mobil',ly anchor also applies 10 a mobile transilioning
Irom a non-3GPP network to a 3GPP network owned by Ihe sama operalor. For each UE
associaled wilh Iha Evolved Packet System (EPS). at a given point of lime, lhere ia a single
serving SGW. The SGW mainlains a packel buffer for each idle UE and holds tha packets until
the UE is paged and an RF" channel is re--eslabllshed. The SGW mainlains a connection 10 a
PGW for each UE. Tha SGW plllvides tha follo....ing functions:

• Local Mobiiity AncllOr poinllor inter_eNB handover

• Packel rouling and forwarding

• Assisl lJle eNS reordering function dUring inter·eNB handover by sanding one or mare
"and marker' packels to the source eNS immedialely efter s....llching lhe path

• E-UTRAN idle mode downlink packet fluffering and initialion 01 natwork lriggered service
request procedure
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PGW - The Packet Data Network Gateway (PGWj is the gateway which terminates the SGi
interface toward$ the PDN (e.g. agencies network). The PGW is a macro mobility t'lnchor t'lnd is
responsibte lor UE addrf'!;$ assignment. The PGW provides the following functions'

• The Packet Data Network Gatew-ay terminates the SGi interfaca lDwards the PDN The
PGW supports connectivity of UE's traffic to specified interfaces based on APN (Access
Point Name). The APN determines whicl1 PDN a UE is connected to.

• UE IP address allocation. OHCPv4 (server and client) end DHCPv6 (client. relay and
slHver) lunctions

• The PGW is tile source of service data now based cherging records for the UE.

o The PGW ects as tile maclD mobility anchor for the UE across EUTRAN.

o Ul and Dl bearer binding and Ul bearer binding veri/icalion.

o Tranafer 01 (OoS) policy and charging rules from PCRF to Poticy and Charging
Enforcement Function (PCEF) in the PGW. Policing and shaping the traffic rate althe
user's downlink EPS bearers.

• Transport level packet marking in the uplink and downlink. e.g. setting the DitrServ Code
Point, based on the OCI of Ihe associated EPS bet'lrer.

HSS - The HSS stoll35 UE subscription and authentict'ltion dt'lta lor authenlicalinglauthorizing
UE access. The HSS provides the following functions:

• Authentication and authorization data for the UE

• location information of the UE (MME and PGW serving the UE)

• lawful intercept support

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

PCRF· The PCRF provides network control regarding the service data flow detection, gating,
OoS aulhoriZBtion and now based charging (e~cept credit management) tDw-ards the network
element. The PCRF supports dynamic interfaces towards applications and a rule based engine
thai atlOws policy rules \0 be e~ecuted and the reSUlting policy pessed to the PGW. The PCRF
can pass both OoS aJld charging rutes to the PGW. The PCRF uses the SPR (Subscriber
prome Repository) to storn subscription profile rnoords The PCRF provides the forrowing
functions:

• PCRF decides how service dale I\owS wilt be treated in the PGW, and ensures that the
PGW user plane traffic mapping and lreatment is in accordance with the user's
subscription prome.

• PCRF wirr check that the service inlormalion is consistent with both the operator defined
policy rules and the relaled subscription information. Service information will be used to
derive the authorized OoS tor lhe service.

o PCRF authorizes OoS resources. The PCRF uses the service information and/or the
subscription information 10 calculate the proper OoS authorization (OoS class identifier.
bit rates, elc.).

o PCRF can use the subscription information as basis for the policy and cht'lrging control
decisions.
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• peRF supports different beerer establishment modes (UE-onty, UEfNelwork or Network­
only).

Supported tnterfaces:

• LTE-Uu - This interface carries contrcland user (bearer) signaling t>e!ween the eNS end
the UE 10 facilitale Ihe deli~ery 01 high speed data servioos III the end user. The
associaled control plane signaling supports mobility management, session managemenl,
admission oonlrol, OoS management, redio reSOlJrw/connection rr,snagemerlt and aU
other functions lhal are necessary to enabla Ihe trarls(er at application data across lhe
Ll5er plana.

• Gx - Pro~ides Iransfer of (OoS) policy and charging rules trom PCRF to the PGW.

• Gz - This interface is based orllhe GTP prime protocol. It is used 10 trarlsfer Charging
Delail Records (CORs) from" PGW and/or SGW to a Charging Galeway in support 01
omine charging.

• Rf/Ga· This intarlace ba:>ed on the DIAMETER protoooi. It is used to transfer Charging
Detail Re[;Qrds (CDRs) from a PGW and/or SGW 10 a Chargin!l Gateway in support of
offline cI1argir.g

• RIo - This referenr.8 point enables transport of applicalion level session informetion lrom
eppflcation to PCRF. Such information includes IP ~Iler intonnation to identffy the servica
dalS fiow and Media/applicalion bandwldlh requirements for 005 control.

• Sl·MME - COf\(rol plane signaling belween the eNa and the MME

• S1·U - Bearer plarle support belwllt'ln the eNS and the SGW. In general. procedures for
the S1_MME interface may affecl tI1e setup or ~eardown of 8 baarer link; however, the
standerds do not indicate specilic procedures between the eNB and SGW. This patil
interfece is lor uplink and dOWnlink data orlly.

• S5 - The 55 inlerface pro~ides user ptarla lunneling ,lIId lunrlel m"negemenl between
5GW and PGW. It is used for SOW rel0C8~ondue 10 UE mobility and if the SGW needs
to connect to a non-collocated PGW tor the required PDN oonrlactivity.

• S6a - This intertace enebles the transfer of subscription and aUlhenlication dala used for
UE access to tI1e LTE system It carries conlrol messages between Ihl' MME and the
HSS over DIAMETER.

• 58 - Roaming version 01 55 for communi~ation between a vls;[ed SGW and a home
PGW.

• S9 - The 59 interface is between I' home PCRF aM a ~isiled PCRF irllhe case at locel
braekout.

• 510 - This intertace carries conlrol messfJges between MMEs.

• 911 - This interlace cerries conlrol messeges belween Ihe MME and the SGW.

• SGI - This interface carries bearer baffic between the UE and the egencil3s PDN. This
interface optionally "'-Iniss conirolIJB11k between the PGW and the agencia!> PON to
facililSle IP address allocatiorl, IP parameler configura lion and AAA sarvices associated
with uE activity.
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• SP - This Is a named interface between the peRF arnj its subscriber dalabase, Itle
SPR. This interfece is not sland"rdized

• X2 - The X2 inlerface provides a control plane and bllarer plana connection between
eNBs to support loed manegeman\ and handover procedures.
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Appendix C. Priority Access and CoS Configurations

6.1.1 General Priority Access and QoS Configurations

When 8 responder roama from one regional system to the next regional system (or 10
commercial carrier network), them are certain parameters (hal should be standardized so lt1al
roaming COS can be more easily facilitated, While il is possible for a for a hOlne LTE ~Y3tem to
map OoS policy for every unique roamed-to network, this is difficult 10 manege, and
cumben;ome at best The need for standardiled OoS parameters becomes especially needed
for LTE 'home routed traffIC" (i.e. the use of lt1e S8 roaming interface, which the FCC ha!>
reqUired)

Configuration -Implement the peRF
Indusion of s Policy and Charging Rules Function (PCRF) is oplional in LTE, however becl;lu~e
of public safely's desire 10 support session-orienled, OoS-enebled traffic, home routed traffic,
and roaming (0 both public safety and commercial camer network, a PCRF is essential
Complex policy rules lhal vary between 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 "Access Claas Ba((;.ng", a melhod to prevent congestion of the conlrol channelal
busyeNSs While assigning access dass 1410 devices operating on a public safety system isn'l
e:<pecled 10 offer a signirlcenl benelil (because most devices will be Ihe same access claas),
access class 14 can be or significant beneFrt when public safely roams 10 commercial carrier
networks because commercial users will typically be of lower access class(es) In order for Ihis
to be effective, access class 14 musl be reserved for public safety usage. This configuration
malches recommendalions made by Ihe NGNIGETS effon

Configuration - Standardize aCI Values ecross PUblic Safety Regional Systems and
Commercial Systems

The OoS Class Identifier is a scalar parameter Ihal maps 10 OoS schadulirlg characleristics at
the eNS (such as scheduling priority, packat delay budge!, packet error loss rale, elc.) 3GPP TS
23.203 includes a table that maps standard OCI values to OoS aHribules When a UE roams,
the OCI scalar is passed from the home to visiled syslem 11 Ihe DoS attributes Ihat map 10 lhe
OCI scalar are different than the home system, Ihis could resull in poor (or no) application
parformance. II is key 10 require 3GPP standardized OCI scalars (and Ihe COS cl1aracteristics
Ihey map to) for public safety and commercial LTE syslen15. A "raserved for future use" OCI
range is also eslablished with all public safety and commercial LTE systems. This will allow
future specialized public safety applications 10 be addad

Ths rsmaining configurations in Ihis seelion focus on LTE's Allocation and Relention Priority
(ARP). The ARP includes 3 attributes:

8. the priority a bearer will have for admission control al the eNB (and subsequently if il
should be pre-empled al 8 future time)

b. whether or nalthe beaf1.3r can be preempted

c. whether whan admiHing Ihe new bearer the eNS should attempl to preempl other
bearers to make room for lhe new beerer
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The remainder of lhis section focuses on ARP configurations Figure 3.6.1·1 as a framework for
how ARP can work. between systems.

Configuration - 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
threatening conditions.

Configuration - Standardize Number of ARP Priority Buckets

Figure 5 suggests the possibility of {our priority buckets {Responder Emergency, High, Medium,
Low). The actual number of buckets is open to debate, however, the important point is once the
number of buckets is chosen, the buck.ets must be available on both commercial and regional
public safety systems. Defining a consistent set of ARP priority buckets facilitates inter~system

ODS, which is essential to a consistent [oamin ex erience.
....f ;t-l P"~P"'" :1.11 Em(lr.~crx.~

.~ ... ~ r~II)I:'='~I, I ;,fll-ifl t<r"IIP"~i.

,tFlP"<'>-15. Ro """9 C"nlln~rCl81 UE
j'pj4· trnPI.Kt.Ie:.'·~. tim ~ 'tf"'C: .. 1)1;

Col1llnerd I Carrhll

Figure 5: ARP Mapping Between Public Safety and Commercial Carrier Networks

G.1.2 Roaming to Commercial Public LTE Systems

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

Configuration - Carriers Support All ARP Priority Buckets

After tile number of ARP priority buckets is selected for use on regional public safety network.s,
then the same number of buckets sllould be available on carrier systems. When mapping ARP
from a public safety regional systern to a oommercial carrier system, it is envisioned only 1 ARP
priority will represent an entire ARP priority bucket on a public safely regional system because
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the carrier has additional constraints on ARP usage. For example, the LTE alandard
recommends ARP priority values 9-15 be reserved for public roamers onto public epectrum.

Configuration - Public Safety Bearer~ Associafed with the Reeponlier Emergency ami
High Priority ARP Values Should Not Be PreEHnpted

Because public safety will require Ihe use of carrier spectrum in many circumstances (i.e.
because Ihe PSST 5+5MHz capacity can be insufficient), bearers in ll1ese categories should be
allowed to be eSlablished 01"110 Iha commercial syslem and tha bearers should be able to
continue until de-acUvated by the ra6ponder.

Configuration - Public Safety Bearers Associated with Ihe Re~ponde1'Emergency and
High Priority ARP Values Should Be Able to Preempt other Lower Priority Bearers

Public safety using lhis higher priority ARP values must be allowed to instantly obtain resources
as needed from lower priority commerciallJaffic (and even lower priority public $alaty traffic).

G.1.3 Roami~g to Other Regional Public Safety LTE Systems

Configurations in this section epply 10 lhe case wilen a public sefety device (homed to a specific
regional syslem) attempls to roam to en EPC serving another public safety region.

Configuration -Allow Each Region to Use the ARP Priority Bucke~ to Fit Their Needs

Within tha conlines of each peiorily bucket in the public safely regionat network, public sefety
should be free to assign what UEs, applicalions, elc. map to each priorily buck-et. Today, some
public safety systems priorilize basad on epplication, and othera based on res-ponder role. Many
agencies have expressed a deSire for incidenl-based priority on LTE. This conflgunl~on gives
public safety an excellenl belance between regional nexibilily (whelher for incident, epplicalion,
dev'lce, or olher priorily scheme) and inler-system roaming compatibility.

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

In order 10 facililate relatively consistent prioritization between public safety regions, il is
expected Ihal roamers between regional public safety systems be allowed to utilize each of the
ARP buckets. For LTE home routed traffic, the home PCRF assigns the ARP priority of Ihe
bearer eslablished in the v',siled syslem's eNS. For this reason, a cOCl'Oistant treatment of
roamars is essential in the priorilization hierarcl1y.

Configuration - A Roaming UE'$ Bearer\! may be preempted

When a poJbtic safety UE roems to anDII18f public safety LTE system, Iha visited system shOUld
have ultimate control over ils resources. For Ihis reason, all bearers for roamers {other than the
Responder Emergency buck-ell may be preempted.

Conliguration - Public Safety Beareni AS60ciated with the Responder Emergency and
High PrIority ARP Values Should Be Able 10 Preempt Other Lower Priority Bearers

M, with roaming to p~blic systems, lhe use of higher priOlily ARP ranges must be allowed 10
inslanlly oblain resources as needed from lower priority public safely bearers.
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Appendix D. l TE Test Tools

LTE Test Tools
Function Tool (spe~{fiedor Description

eQUivalent
Spectrum Analyzer Agilent SA Cell G<lverage,

characteristics
Air Interface Monitor UE Tool S~nchroni2alion. system

Sanjole WaveJlJllge broillacas\ irlfcrmalion.
regisirililion, DUL'l
transfers

Networl<. Monilor Wileshark Wmdows PC Protocol dissectors to
analyze l1/l2Il3, per
seoment

Sorvlce Simulator 1,,.,,[ WilluoWS PC Service emUlator using
rep and UDP pS'3udo
packets aM setting up
bearer types and QoS over
the air

Ser\'ice Evaluator Wireshark Winnows PC 1"ransport QuaUty (Lo~G,

latency, Jitter,
Throughput), Handover
laten;;' ,

U, Available UE Win be rDvideo:l
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Appendix E. 81GNET Definition & Coverage Maps
BIG ET-- Public safety entities in the 28 CounUes ln the Broadband Interoperability Gateway

Net\\lork East Texas {BlGN£l} area have collaborated to idemify communlty anchor institutions,

privale ent.itles, and non-govenuneTltal agencies to develop a comprehensive, regional public safety

network that would providt emergency responders with broadband access and ~ncfeased jnteroperability

capabili(les, Previous regional cata:-.>lrophic 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 he available to emergency responden, not only during routine service but. also during a

cn(lcal incident or a catastrophic; event
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LTE Coverage on street (Harris County)­
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Gantt Deployment Schedule Chart 0.1
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Interoperability Showing Response: Executive Summary

The Inleroperability Showing Response addresses each interoperabill y component in the
Broadband Public Safety solution, demonstrating how the Harris County (B.I.G.N.E.T).... networl<
will achieve interoperability. This Ex.ecutive Summary serves to prOVide an overview of the
content in the formallnteroperabili y Showing Response. Il is ighly recommended the reader
refer 10 lhe lnteroperability Showing Technical and Operational Response for add-lional
inlormalion on each of these topics.

System Architecture
The Broadband Pubfic Safety solution is based on the 3GPP R8 standards, and consists of the
Radio Access Network (RAN). lhe Evolved Packet Core (EPC). DeVices. and Ihe key interfaces
exposed by these components. The solution includes the ability to roam between systems,
provide priority access and OoS to ensure he most critical pub ic safety users receive the highest
priori y. and ensure the Broadband Public Safety solutio is secure.

A. nc:y·.
IP serYlc••

PC

I
iRAN
I
!
i
! •

i l~'i---l
"------ !, I. .. 1 J- J - II. _

I ~ _

Radio A ccess Network (RAN) Architecture

T11e eNode8 (eNS) is the only 3CPP defined networK element with! n the EvOlved
Universal Terrestrial Radio Access Network (EUTRAN) for 3GPP R8. The eNS provides
the user plane and control plane protocol terminations toward the UE. The eNS
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 tnis system is built based on the 3GPP R8 standards. The eNS
is designed for compatllJlllty with 3GPP compliant UE'S and utilizes 3GPP compliant
network interfaces.

Core Network Archnecture

The core network is based on the 3GPP R8 defi ned EPC (Evolved packet core> as
mainlV defined in 3CPP TS 23.401. The solution supports the MME. SGW, PGW, HSS
and PCRF/SPR functions using standards defined network interfaces. A VPN element
is also shown. This element supports a secure public safety VPN and can be used
with alternate access technOlogies <wIFi, 3GJ_

Interlaces
The RAN/EPC solution supports the following interfaces based on 3GPP R8 compliance:

LTE-Uu. Gx. Gz, RflGa, Rx, Sl-MME, S 1-U I 55, S6a, S8, S9, S10, S11, SGi, $P, X2.

Mobility and Handoff (Handover)
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The mobility solu1ion is tullY corn~lianl .....ith 3GPP $tandards. II 5UpporiS high-apeed IllOb"llily i:Hld
seamless llandoffs between eNBs w,thin lhe Broadba'ld Network. Radkl frequency phase shrft
acquisiliQn up 10300 Hz Doppler i$ supported, which aocommodetes ha"doffs ebove 75 mph in a
properfy-engineered and functioning ne lwor1(.

Th~ mobility lli:olution will 5IJPPOrl irller-nctMlrk h9ndO\'ef lJetwe-':rl regk:lnel pUblie safetf networks,
The approll8ch Ieken to support inter-network harrd'over betoWen reQional ne~rks lS depefldenl
on severat radors. These radors. inelude:

o Frequency bands a6sil;;jned to and shared between the Il3gional networks

~, PLMN 10's 8SSlgned f[) and Sha,fed betvwe€ln Uw regiona~ ne.t'NOrU

o Administralive relationships between tile regklnal networks

In order 10 aupport inrer-.PUJIN handover with 3GPP R3 specifications. cocn:HnatBd network
pIeon in~ end opera fiCIn s aems!=; the- PLMN ID dOm$l ins ra required. In c rd er ~ :mplJort 'In\er&Pl.MN
hendover across operaHonal domarns without operatro~'coardrnalion. 3GPP alBndards
enhancements are required, MVPNs pro-..-ide an altllmative solution approern to Inler-PLMN
handover; the MVPN pmvides IP I~yer mobility and il'tlelliger)t mute selet:.tiorlll'h"iich 'IS

i'Ildependenl of handover in the radio acee!=l.8 layer. The Inlaroporability Showrng Resporl:sa
outlines lhe inter-PLMN handover rssues and approach supportEd in lhls 8olulion.

Roaming
Intra-sy~tHM roaming ......ill be supportod 8S needed by CIp"!l'rational ~ceni:lrl05 which requre service
across regional network boundanes. In addilion to Intra--systBm roamjng, adjacent reg'o~al

networks w;1I arso raise lhe need for inter-PLMN handovsr,

loter&6yslem roaming wW be supported as needed tly operarional ~OEInarlo6 which cross regional
network boundoria8l, a:"1d 8~ allowed by J"C.Iamin~ agreements with commercial carriers. hter~

syslem roaming may also require addition of BOrdar Gateway roulers to interconnect wilh 8

Roaming $eNice provi:::ler. The same 3GPP standards constraints apply to inter-PlMN handOYer
across operational domains for inler-system roamir"'lg as for intra-system roaning, HowEVer. 'nler~

~vslem Anr.I lnter-PlMN hondover i9 more charlenging dUB to ttle addllional rntertaces and
cperalional Jjependencle5 betwe€n commerciar carrier networks and the Shared Wireless
Broadband Netwo-rk (SNBN). The: interop8rability Showing Respv-ns.e deacrOes lhe SOlllhon
approach to inlra-svstem end inmT,syslem roaming,

Priorl'y Access and QoS
l TE offers lhe most advan ced QoS capabil ities of eny commercia I 00 !!ula r tectmology: however
tt-e temn.alcgy must be property configurtld ta meet the needs of pubhc safety usage end to
support reaming ro cenj~J~ and O!18r publiC &afety reg'onel 8ystems, The lnteroperability
Showing Response describes how advanced pdority ae~ss and CIoS capabiillies should be
conrigUred in order !I:l maximize the interoperabUHy benefits 10 pub~c safety, These l TE
configuralions shoutd be standardlte<J acros.s aU pLJblic safely regional syslems in order 10
facilitate nationwide 'ntern~rabiHt/.

A n€lx\t)(e priority acc.ass and QoS framework must be e$(ablishe<:1 wtJich pmvdes:

Regional Flexibility
Each public safety region should have flexibility tD choose an LTE prioriti7.alion modal lo
SUl\ \\5 need. Fe; examp.~, {eglon 1 may priormz.e r-eapondel'B ba5ed on rote and region ::2
may priorWze responders besed on application. The region should ha\le some latitude 10
choose how lo prioritize de'w'ices and applicetklns 0(1 the regional system.

R08m~ngSupport
Whel'ler ro~ming between regional syslems. or roaming lo a commerci3llTE system, lhe

Pege 2 of 5



Interoperability Showing Response Exeruove Summery - Version 1.0

prioritization frameworll shout! support e consislenl ~nd fair policy of mappill'J priority
between syslems

The realization Dllhe priority acressiQoS (ramewo,k is based on s\andaroizahon 01 LTE
configuration paramelers for public: safaty use, such as ARP, OCI, GBR, and MBR. The
Inlemperability Showing R€lspon'le outlines ttl" sptlo.;ifi<; canr'guriltlon required for the SOlution.

Security
3GPP slaoosrds have defined e 3uile of security relaled specificalions for LTE syslems. From an
inwroperability perspective, of penicular interest ere the spol~ifica lio,,~ 3:;.401 ("3GPP System
Architecture Evolution (SAE); Security arch~eclure"), 33.210 ("3G secunty; NetworK Domain
Serurily (NOS): IP netwofk layer security"), and 33,310 ("Nlllwork Domain SecurityfAuthenlicalion
Frameworll (NOSIAF)"j. We wili fully support the requiremllnts stated in L1ese specifioalions to
ensure secure inter"system inleroperabilily The lnlelOpelab\\\tj Showil'l9 Response provides
additionai infnlTrlalinn on the SElC'Jrily m€lchanismtl included in the solution.

Devices
Delivery of user devices for Public Safetj broadband agencies will be driven by Ihe avaiiability 01
an LTE chipset that supports standard 3GPP baseband prolocols and RF OflAmlion in Iha 10
MHz of Publil; SB{ely spedrum (763 MHZ to 768 t.1Hz: lo_r snd 7g3MHz: to 798 MHZ upper). 11..1
devices will adhere 10 lIle 3GPP Release 8 air intBrface specificalion aoo lt1e recomrrerlded oul
of band emissions (OOBE) as specified in lt1e waIVer order, as well as eXlSling OOBE
re~wemllnts In protect Pubiic Safetj narroWband voice services in Ihe 700MHz: spectrum. The
U5er devices intended for e"rly d€>ploym"nl PubliC Safely LTE networM are USB-DO' y\IIl;,
Vehicle Modems, and Smartph:Jnes. The Inillroparability ShOWing Respons€> provk/es additional
informalion o~ each of Ihese device !;'pes.

Applications
The FCC has identified in the 10"79 order a list of minimum waiver applications potenliel waiver
grantees must support These appi\cal:I01\s provide the foundation [of meaningful nationwide
interoparabillty, and are explained in the Interoperability Sho....ing Respon5e.

Tv;o key applicalion technol09Y areas for broadband public saletj are internet access and a
Slalu"llnIOm'lollOn Homepage (SlH)

The LTE system must be contigured to provide Inlernet Access by firsl accessing lt111 responder's
home syslam Ile. InterneL'lnlranellralfic is home-I'Qulad). Serving lhe Intemet from a home APN
lessens Ihe need lor lIddi\iana', APNs on the device. Each additional APN may imply the device
connects to more and mOI9 network seg~nh<; (and guh$equently has multiple IP "ddrcs""",);
incr13asing security risks allhe device, Therefore, home-routed Intarnel Access redUces Ihe need
for e "local APN" whil" roa,llin9 and improves security on lt1e device.

Another key technology for l TE public safety will be the Stalusllnlorma~on Homepage (SlH).
The SIH is envisioned to pmvide hOmll and roaming responders with incidenl-llpecific
info,malion. "I&rts. sy~l"mStdlUB. _lIlh"r, traffic, arid other informaiion. This infOlTrlation may
comll from Computsr-Alded DispalGh (CAD) lermlna15. responoel'S. 0' in tile lUNre the NG911
ESinet.

Reliability and Availability
The solution provides for hgh reliability and high availabilfly tor lt1e following network
caMponenlll:

'0 Regional Data Genler and NOC

o LTE Enhanced Packet eo"" (EPC)
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-:' Transport netwt:lrk

r~ R;J~~ Aeee.s$ Ndwor~ (RAN~

o Mobile and portabIe User Equipmenl

In order to maintain servioe availa bility, lhe network h.as been designed with mulliple layers or
redundancy and ffisllienq. The netwo,* :;an be depkryed such rhal module failures, node
railures, and ever. fairure ohm entire data oenrEr srle will not deQrede oet>NC>rlo;, seNk.e aveilebility.
The ReglOrtar Data Genler and Noe can be deployed in a tulry·redl.lldant configlXalion, such lhet
@ cetaslrcphic failure of B deta center rocaliol"l will nol result 1n the loss of crilica' ftUlctionality,
since BII operetion$ and traffic can be sarm ~ afl. allllmate dela c:enler.

The mebile ar.d po rta ble Urer Equipmenl {UE) device! are hal rdered rnaceord 2moe with Pub ric
Safety besl-pmc:tices. Generellv. the eco-!;;yslAm for LTF 700 MHz broadband Public Surety UE '50

is et:IU emerging. However, we exped that as the eco-sy~tem rnetures. a wide range of device
c.apab'lilies will be available Ie Pub~ic: Serety markels, spanning low-end oommerd6~grade
devicsfi to hign-end devices complianl with military-specificetic>ns.

'the !nleroper-abllity Showing Re5panae provides addirionaj informalion on the relj3bUity and
B\I'ailebility aspecls of lhe S<JluHon_

Radio Frequency (RF) Engineering
R.F $ys\em perlmman~ fecnrs 5Ucn as coverage footprint, throughput. and capacity depend
l.pOn many different \l'ari~bles in RF design, including ~ul not l"lmited to \he number of users,
desired site density, syslem cosl, traffic model, etc. As such. ltIese variables ~ffi in lerrelRted , sC

[hal ctlanges in one variable inevitably im~cllhe othem.. The Harris County (B.I.G.N.E.T) system
is ct9$igned to s-uppor1 CUfR:"'lt 'JSe.fS a.nd. applications in the moet cosl effective manner and tt1e
design is scalabre ror fulure expansion.

The Harris County (B.',G.N_E.T) RAN desl9n levera~esexlEnsive axperience in rrodeling and
des'lgnmg 'W~'ess pa.c.kel data networks. as well as Awtensive AxperienC9 in RF propagation
analysis. The coverage predictiOr'llools us.ed in this an~lyats 'O~DIN iJ two !'>\ep proce~$. F~r. an
iritial RF propagalion analysis of the service ama is performed using known models such as
Okumura wilh 6hadow "'55 end TSB-88 statistJcel melhodB to provide a highly reliable prediction
of co VBrage perlorrnanre. Second. the \00\ peno~m, a disCl"e te event Mon IE e a rio s1mulalion to
rrodel the LTE systEm based on C\Jrrent and future requiremenLs. Thi!i rtATailAt1 ",imulabol1
charecrerizes 1tJe syslaPTl performance end inlerlarence analysis based on a partiOJler numbar of
\Jse\li. a.nd a traffic model. Coveraga map5 are based on thesE simulslion resull5, which depict
coverage at cartain parforrnsnoe re....els.

LTE 6ystem cepacity and co'lierage performance depen:::l on interlerence levels; lherefore.
interference mij~ation is.a primary objedi>ie of the LTF RF syEtam da~;jgn- Sovaral mC~8ures ~~
tak.en during th& system design phase tv TI'J'tiga\.e ,"tenerenoe including selecting appropriale
antenna pattems, adjusting the jndividual sector anlenna li1l5. and selecUng opUmal sile lor.;a[ioni
and site separation distances. Site separation r antenna down-mt r along wi lh eNB fea tu res rike
shUt and sem1.-s.tBtic inter-CEIn interferen02 coordination (ICIC) are key elements towards
minimizing intra-band irHerference levels. OFDM eyslems like l TE c.<lt"l ako \a~Q a':il"lant3g~ of
IreqlJency diversity and frequency selectivity gain via sCI1eduler algotilhms to rurthar minimize
in11ll.~band inlerlarenoe.

Testing
ToF! '50t ing va Iid~ ~es ~y fUI"Ictionahtv, perf0 rr'rlIl nee and inlero poe rt: lJirity ~qu iramen ls of [he PS LTE
60luhon, ThIs inlBroperab\\\ty \e'Sti,~ is in. addition lo the eJl:lensive te~ling performad by lhe
solution prol,lider in lheir in ler"la I laboratories lo enS,UJe oonformance of theIr LTE sohJUon \0
3GPP standards. An Qutllne of this tesling mn be provided by our sokJtions provider. We as a
pending W<!iverRedpienlare also planning lo particrpa't3 in the PSeRlDe den'lonstratPan
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network. starting in 2010. In order lo meet the requl~menl or the Waiver Order. a lrial activity will
be pl~rtned ~ing our selected PS l TE solution. This trial activity will conslilutB and form lhe
ba5rs for initial lB~lins of tt1e s)'slem. The InlemperabUity Showing Response provides an
overview of the trial aclivilies (initiallesling), and descriptions, o~ the lests to be pe,rlmmed,

Deployment
Deplo~men\of our LTE network will faU under the following deployment schedule. This is further
oullined in the kllerope~bUity showll"l.g. In addilion to the schedule bellow we \ItOutd like to
mentron new pertner5hip potentiats lik& 'he stale of louisiana lhi5 pflrtner.ihip couid lead lo our
ul~jm8tB goal 'Nhich is public safety broadband oolL~boration and connectlvJty for the Gulf Coast.

• Pre-Build 0 u l scheduIe 911/2010 - 112812011

(II. In this s~g9 we pian 10 soUdify con lrscis. site localions, De fT1l ils, workforce.
'Support technology infrastructure, and agreements.

.. Build out ScheduIe Phase 1 /year 1
(60 siles per year- 5 per monlh .180 remain)
9/1f.2010- 9/1120"

a. In lhis stage we will begin cons\ruction of our inrI3Structure
b. Loca le the core in a hardened fa ciJ ity
c, Begin backhaul connectivity
d. E6tablish monitoring and support infrastrudure
e. Beg:,~ testing and loading

• In temperabmty oonnectionand development 1/1/2011 - 6/30rzO 11
a, In this stage we incorpo fa Ie the 0 ptions of lhe ca mer pe rtnersh ipsand the

correspond ing serviceB

b. We also explore ap~lication and LMR connectivity
• Build out Sc'n.edure phase 2{year 2

(60siles per year - 5 per month-120 remain)

9{1/2011 - 9/1/2012

• Inleroperability connection and devekJpmenl- online 8/30t2012 - 9/30/2012
• Build out ScheduIe phase 3J~e6r 3

(60 sites per year· 5 per monltJ-60 ramain)

9/1t2012 - 911/20 13

Operations, Administration and Maintenance
The OA&M 8olution is comprehensi'w'e and s~ndards-be6ed. Il encompasses the entire lifec~cl&.

including ayslem design, assembly and staging, installation and commissioning, operalions,
optimizalion. aoo b.ning. The operatjone- solulDn rncludes FauU Msnagemenl, ConHguration
Ma{'lagemenl, Accounling Management. anCl Perl'ormance Management {FCAPS) support for lhe
s)'stem infraslructure end devices, as wen as lhe advanced capabilities sum ss NMS. Over lhe
Air Device MSl18gemer'lt, Self Organiziflg Network. lnlegraled Subscriber Provisioning, and" an
lnlegraled B~',lng soll.Jlion, The rUl', paper describe5 lhe OA&M capebiriHes.

The OA&M 50 luUon requires jnte rope, rab iIi ty coo rei inaHon of vendor SON aIgori thms. subscriber
pro'w'isklning, and dev~ce management. The In!E:roperebility Showing Response: provides
add\tional delaUa on these poinlB of inlemperability wilhin OA&M.

....NotE; Public safaly enlities in 28 Counties and two rrequency oollaboration region8 . make up
tha Broadband Interoperability Gateway Nelwork Easl Texas or (B\GNET).
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