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Acronym Glossary

AMBE = Advanced Multi-Band Excitation
AMR-WB = Adaptive Multi-Rate Wideband
API = Application Program Interface

APN = Access Point Name

ARQ = Automatic Repeat Request

AS = Authorization Server

CP = Cyclic Prefix

CSM = Channel Switching Module

CQI = Channel Quality Indicator

DSP = Digital Signal Processor

eMBMS — Evolved Multimedia Broadcast Multicast Services

eNB — E-Ultran Node B
EPC = Evolved Packet Core
EPA = Extended Pedestrian A model

FEC = Frame Error Concealment

FEC — CA = Frame Error Concealment Clean Audio
FFO = Federal Funding Opportunity

GBR = Guaranteed Bit-Rate

GUI = Graphical User Interface

HARQ = High Availability Resolution Queue
HTML = Hypertext Markup Language

IdMS = Intelligent Data Movement Service
KPI = Key Performance Indicator

LMR = Land Mobile Radio

MCPTT = Mission Critical Push-to-Talk
MCS = Modulation and Coding System
MIMO = Maximum Input Maximum Output
MSDC = Multicast Services Device Client

ProSe = Proximity Services
PS = Public Safety
PSCR — Public Safety Communications Research

PSIAP = Public Safety Innovation Accelerator Program

PSN = Public Safety Network

QCI = QoS Class Identifier

QoS = Quality of Services

RI = Rank Indicator

SDK = Software Development Kit

SDR = Software-Defined Radio

SESB = Static Equal Sized Blocks

SIP = Session Initiation Protocol

SINR = Signal-to-Interference-Plus-Noise-Ratio

SRS = System Requirements Specification

ETSI = European Telecommunications Standards Institute *  OAM = Operations, Administration, and Maintenance ¢ SW = Software

ETU = Extended Typical Urban model * OFDM = Orthogonal Frequency-Division Multiplexing *  XDMS = XDM Server
EVS-SWB = Enhanced Voice Services — Super Wide Band ~ + OFDM NR = Orthogonal Frequency-Division Multiplexing ¢ UE = User Experience
FCC = Federal Communications Commission New Radio * Ul = User Interface

* PRB = Physical Resource Block

PSCR
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Agenda.

* Project objectives
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Project
Objectives

Statement of Work

* Middleware for MCPTT Client
Integration on Android UE

— LTE-level support
— Application-level support
— Mission Critical Experience / Ul

« MCPTT Service Implementation
(next slide)

« Testing
— Protocol testing
— Interoperability testing
— System integration tests / KPI
— Field tests

Confidential

Sonim Technologies, Inc.
PSIAP - Project: End-to-End Mission Critical Push-to-Talk: beginning June 12017
NIST # 70NANB17H179

G =June 1st
Table 1: Project Deliverables and Timeline Revised
Section |De|iverable |Owner Date
Section 3.1.1Service Integration
PTT App Integration on UE Sonim/Nemergent G+2W
ISIM API/APN for data connection Sonim/Nemergent G+ 14W
MCPTT Integration - Service Level Nemergent G+ 40W
QCl integration / Broadcast Services Sonim/Nemergent G+ 40W
E2E Broadcast Services SDK Sonim G+ 52W
Service Level Integration SDK Pkg Sonim G+52W
Section 3.1.2 Mission Critical Experience
PTT Key integration / SDK Sonim G+2W
PTT Android framework modifications Sonim G+ 14W
PTT SDK / guide Sonim G+ 40W
PTT Audio path demo Sonim G+ 52W
CSM - Generic API Sonim G+ 14W
CSM Accessory Prototype for UE Sonim G+ 30W
MCPTT integration with CSM Sonim G+40W
CSM SDK Pkg Sonim G+ 40W
Section 3.2 MCPTT Server Components
First Release of MCPTT System Nemergent G+2W
Second Release of MCPTT Management Servers Nemergent G+30W
Second release of MCPTT AS Nemergent G+ 40W
Section 3.3 Testing
Integration Testing (Definition) Nemergent/Sonim G+ 14W
Interoperability Testing Nemergent G+ 52-70W
Field Testing Sonim / Partner G+ 52-80W
Test Reports Sonim Per milestone

—
-

sonim.
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Technical objectives

Evolve R2016 to R2017

Nemergent"

{ Own development

Identity
Management

Integration Server

Evolve ongoing
developments

Nemergent

Third party
LTE-APro/LTE 4 Group

Management
Server

Configuration
Management

Management To be
- Nemergent developed
Nemergﬁm‘ son
Scope of the Not initially
collaboration Nemergent considered

—
-
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CSM SDK

Rotary Knob

Confidential 19

Channel
Switching Module
(CSM) SDK APIs

 Allows any developer to use the SDK
to write a MCPTT application that can
interact with the CSM connected to
the device

e Connect/ Disconnect events
« Channel Switching events

e Current Channel Selected

—
-

I sonim.
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Sonim MCPTT

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

Channel 7

Channel 8

Channel 9

¥ @ 11.05AM

sip:groupA@organizati..

sip:groupB@organizati..

None

None

None

None

None

None

None

RESET/CLEAR

Confidential /110

MCPTT
client with
CSM SDK

Sonim MCPTT client uses this
SDK to allow a user to easily
switch between groups by turning
the rotary knob.

User can assign any channel
to any existing group.

—
-

I sonim.
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Physical Button
T R T T Integration APIs

MODE: EMERGENCY

sonim.

— BUILT FOR LIFE”

Cliemt B

sip:groupA@organizati..

St * Long press of the
yellow button puts MCPTT
Yellow A0 S oo oot [ in emergency mode

button

integration « Any calls made thereafter

are emergency calls
with higher priority

B sorim
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Physical Button
Integration APIs

* Long press of the
red button starts a
PTT call to a pre-defined
emergency contact or group

Red
button
integration

)

sonim.
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Audio Quality Improvements
B8 1) G| st wose - | (g cltition 05 comrnion) i i)

[Vo-ce: SPKR_PHONE_MIC_PTTASPKR_PHONE_SPKR_PTT + TX_POPPERX_POPP .]

AFE TX NONE TOPOLOGY SPKR_PHONEMNIC_PTT

/] 0 B ] 0
;» g ] Povom [ PYOILOR ] vt [ o e g og i g e e | e
é (00 +a8 |40 ~ a8 (0.0 ~ a8 (00 +/d8 [00 ~ a8 (00 -|a8 30 -/ 48

SPKR_PHONE_SPKR_PTT

D B & B
[-50 +|a8 (120 ~|a8 (00 ~ a8 |00 ~ a8 ‘ ‘

New Audio Calibration DSP Profile for MCPTT on Sonim XP8 device

Provides great audio clarity even when Tuned for MCPTT
speaker is in noisy environments use case

Database View RTC

—
-
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sonim

Choose APN

®

NET_CAPABILITY_INTERN
ET

NET_CAPABILITY_NOT_RE
STRICTED

NET_CAPABILITY_TRUSTE
D

NET_CAPABILITY_NOT_VP
N

NET_CAPABILITY_FOREGR
OUND

CANCEL

i & 213PM

Confidential

QCI
Integration

» XP8 support QCls
for MCPTT specifically
QCls 65/66/69/70

» Successfully validated
QCI 65 and 69

* Option in MCPTT Client
to choose any APN type
for QCI mapping

—
3
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Cl Integration — Default MCPTT

sighaling bearer

(QCI 69) in the APN

Tme Dt MME VE ID Info Message
10:44:35 558 + NAS 105 EMM Attach request O

. NAS 105 EPS encryption caps=0x10 integrity caj

- # NAS 103 EMM Attach accept O
10:44:35.729 +0.171 & NAS 105 EMM EMM information O

. 4+ NAS 105 EVM Allach complete
10:44:36.249 +05209 NAS 103 ESM PON connectivity request O

- 4 NAS 105 ESM Activate default EPS bearer context
10:44:36.289 +0.040 9 NAS 105 ESM Activate defaull EPS bearer context ac
10:46:30.029 +133.740 ¥ NAS 105 ESM Activate dedicated EPS bearer context
10:46:50.089 +0.060 4 NAS 105 ESM Activate dedicated EPS bearer context
10:46:56 447 +6.358 & NAS 105 ESM Deactivate EPS bearer context reques’
10:46:36 490 +0043 9 NAS 105 ESM Deactivate EPS bearer context accept
10:48:20.810 +843209 NAS 105 ESM PON disconnect requestU

- 4 NAS 105 ESM Deactivate EPS bearer context reques’
10:48:20.850 +0040 9 NAS 103 ESM Deactivate EPS bearer context accept
10:48:21.210 +0.360 94 NAS 105 EMM Detach requestO

Activate default EPS bearer context request
Data

Protocol discriminator « 0x7 (EPS Mobility Management)
Security header = 9x2 (Integrity protected and ciphered)
Auth code = 0x1b466cbd
Sequence number « 0x07
Protocol discriminator = 6x2 (EPS Session Management)
EPS bearer identity = 6
Procedure transaction identity = 31
Bi Oxcl (Activate default EPS bearer context reque

EPS Qos:
Length = 1

= "eBox_for COW.mncO0l.mccOBl.gprs*

Confidential 115

PDN address:
PON typ| v initiatingMessage
IPV4 - procedureCode: id-E-RABSetup (5)
ESM causel criticality: reject (9)
v value
Protocol v E-RABSetupRequest
ext « 1 v protocollEs: 4 items
configul » Item O: L1d-MME.UE.S1AP.1D
Protoco) » Item 1: 1d-eNB-UE-SIAP-ID
Data = » Item 2: id-uEaggregateMaximumBitrate
w Item 3: 1d-E-RABToBeSetuplistBearerSUReq

w ProtocollE-Field

On LTE connection.

id: 1d-E-RABToBeSetuplListBearerSUReq (16)
criticality: reject (@)
v value
v E-RABToBeSetuplistBearerSUReq: 1 item
v Item 0: 1d-E-RABToBeSetupltemBearerSUReq
v ProtocollE-SingleContainer

1d: 1d-E-RABToBeSetupltemBearerSUReq (17)
criticality: reject (9)

v e-RABlevelQoSParameters
qCI: 69

» allocationRetentionPriority

: False

—
-
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Cl Integration — Dynamic establishment
of MCPTT media plane bearer (QCI 65)

Time Dt MME UVE ID Info
10:44:35.558 + NAS 105 EMM
- NAS 105

- # NAS 105 EMM
10:44:35.729 +0.171 ¢ NAS 105 EMM
- + NAS 103 EMM
10:44:36.249 +0.520 9 NAS 105 ESM
# NAS 105 ESM

10:44:36.289 00409 NAS 105 ESM
10:46:50.029  +133.740 « NAS 108 ESM
10:46:50.089 +0.080 9 NAS 105 ESM
10:46:56 447 +6.358 ¢ NAS 105 ESM
10:46:56 490 +0.0439 NAS 105 ESM
10:48:20.810 +84.3209 NAS 105 ESM
# NAS 105 ESM

10:48:20.850 +0.0409 NAS 105 ESM
10:48:21.210 +0.360 9 NAS 105 EMM

Meassage

Attach request O

EPS encryption caps=0xf0 integrity caj
Attach accept®

EMM Information &

Attach complete O

PON connectivity request O

Activate default EPS bearer context res
Activate default EPS bearer context ac
Activate dedicated EPS bearer conty
Activate dedicaled EPS bearer context
Deactivale EPS bearer context reques
Deactivate EPS bearer context accept

PDN disconnect request O

Deactivale EPS bearer conte]

Detach request O v value

Upon MCPTT calling.

S1 Application Protecol
Deactivale EPS bearer conte] ~ S1AP-PDU: initiatingMessage (8)
+ initiatingMessage

Activate dedicated EPS bearer context request

Data

Protocol discriminator = 8x7 (EPS Mobility Management)
Security header = 6x2 (Integrity protected and ciphered)
Auth code = Ox88accd73

Sequence number = Ox08

Protocol discriminator = Ox2 (EPS Session Management)

EPS bearer identity = 7
Procedure transaction identity « @

Linked EPS bearer identity = 6
EPS Qos:
Length = S
Data - 41 49 49 49 49
TFT:
Length = 61
Data = 23 30 00 11 10 O a8 10 68 ff ff ff ff 30 11 50 2

procedureCode: 1d-E-RABSetwp (9)
criticality: reject (8)

v E-RABSetupRequest
v protocollEs: 3 items —
» Ites 0: 10-MME-UE-S1AP-ID
» Item 1: 10-eNS-UE-S1AP-ID
v Item 2: 10-E-RABToBeSetuplistBearerSUReq
» ProtocollE-Fileld
1d: 1d-E-RABToBeSetuplistBearerSUReq (16)
criticality: reject (9)
v value
v E-RABToBeSetuplistBearerSUReq: 1 item
v Item O: 10-E-RABToBeSetupltesBearerSUReq
v ProtocollE-SingleContaimer
19: 1d-E-RABToBeSetupltesBearerSUReq (17)
criticality: reject (9)

v e-RABlevelQoSParameters
ofl: &5
» allocationRetentionPriority

Confidential 116
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eMBMS
Integration

using QC | =
Middleware

D D

groupA groupA
TOKEN: GRANTED TALKING :sip-mcptt_id_clientA@organiza

eMBMS Alert

New eMBMS Service Area detected
eMBMS Service Area 1D = 000001
TMGI = 000009001110

CANCEL oK

—
-
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Q ud I comm f’°|‘,‘p f_a" MSDC | UDP/IP Stacks ZMBMS
MSDC API :j

Receive MBMS Bearer

used for eMBMS

’ LA ettt . . T A VL v I~ N
Broadcazfrverage(ln{weragrel oA i

Group Communication
Sewlce Startu p i Start Group Call service ( TMGI )

pdate(List of SAls)

< Activate MGI
a n d P I ay ba c k L le Service Started Notification
< 4
B N e e -
L OpenMultichst PSocket | | RTP Playback |

\
\
RTP Packets :
I
I
1
I

Close Multixlast IP Socket

€ /
N R R R R I R R R R R R I TN EEE——————..., |

4 Stop Group Call service ( TMGI ) j: eMBMS Transport Mgmi ™,

| < Deactivate TMGI |

\ I
\ /
\- ——————————————————————————————————————————————————————————— _—/

—
-
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\
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@ ‘Nemergent/ Solutions

F, EI e )
8.7/
2 ¢ T France .
Ll | 4
£ \ :‘.'~“ .
c %
Located in Bilbao, Basque Country, Spain. _ ~ i
Founded in January 2017. -
Next generation Mission Critical 5 _v" / A
communications ] =

+ 3GPP R13 MCPTT
+ 3GPP R14 MCVideo & MCData

—
-

sonim.
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MCPTT Application Server

Technical evolution

Identity

mmums >= 3GPP v13.3.0 TR

II:IIIIIIIIIIIIIIIIIII ) Group

m Management
- Server

mssnns MCPTT Authentication & Authorization

= s nms Group Affiliation (Iinonfiguratio?
anagemen

msnms MCPTT Location

=snns New call types

Management

ssnms CSC interfaces to Management Servers

samns QoS & eMBMS - Rx & MB2 interfaces

=n s Enhanced media forwarding

‘III‘III

mnns MCPTT ciphering (initial support)

=snms SW troubleshooting & debugging

—
-
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MCPTT Application Server

Technical evolution

snmms June 2017 wmmms June 2018

MCPTT Calls

Emergency /
Inminent Peril
Calls

Private Call

Broadcast
Group Call

|
Establishment m
a | With floor- YU 5o atic  [{™Mpre-established
control
S B
Group Calls

- Supported alChat Group Callg = On-demand
- Partly supported / under development
E Not yet supported —

Solicited Commencement
discovery mode

Floor-control Establishment

1
Emergency Call SOCUE PRt | Pre-established
Group Call

Emergency
Group Call

Establishment Establishment

Without floor-

— — — control mPre-established

full duplex

Emergency
Private Call

—
-
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R14 MCS Application Server

Technical evolution

Identity
snnns 3GPP R14 Management

Server

II:IIIIIIIIIIIIIIIIIII ) Group

m Management

- . Server
"=mmms Common Core Services

=smms R14 Authentication & Registration Configuration
Management

= s mns MC-Data (One-to-one & Group)

ssnnnnnnn Standalone SDS over SIP

Management

semmmmssn FD ysing HTTP

ssnns MC-Video

sennnnnnn Private calls

mmsmmmrr Group call signalling

III‘III

—
-
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Confidential 124

Management Servers
Technical evolution

Identity
Management

EEEEEEEEEEEEEEEEEEEEENR] Server

E. = m m s |nitial R13 OpenID Connect for MCPTT

msmmur |Jpdate to R14

Group
Management
Server

Configuration
Management

E- snms R13 XDMS with SIP and HTML interfaces

Management

== = uus MCPTT Managed Objects

EEEEEN Update to R14

== n m w1 |nijtial R13 key distribution support =

. % | Nemergent / Solutions  SONIM.
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New component — MCPTT Enabler

Technical evolution

Identity

MCPTT smnns 3GPP R13 Maréaegr\elzent

Enabler

II:IIIIIIIIIIIIIIIIIII ) Group

m Management
: Server

Ll Northbound - Standard MCPTT

asmnms OAM API Configuration

- Management
=" = = s s Southbound — Web friendly API

a= === s OAM interface

: Management

snnnnnmmnn User administration
E' mssmsmns Group administration

aEEms Dispatch interface

| | DA [ o
|

smunmnmnnn Call handling

E-------" Location GUI

—
-
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Protocol & Interoperability testing

=====1 Official interoperability testing

1st ETSI MCPTT

° Plugtest
- (June 2017) 2nd ETSI MCPTT
e TR Plugtest (June 2018)
Certificat Participation
ool In Process...
Nemergent Solutions S.L.
for their attendance at the Plugtests event for m
] 1" MOPITCLUGTESTS "

==sss Additional testing

=eu====== Different LTE EPC PCRF’s & eMBMS'’s
EEEEEEEEHR Other MCPTT CIient SDKS
EEEEEEEEEN Other Public Safety UES

—
-

@ | Nemergent / Solutions  SONIM.
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Performance testing

KPI measurements (l) - On-site KPl measurements

orcm
@ [ﬂ ))) Participating Participating @ [ﬂ )))

UE1 MCPTT Server for MCPTT Server for UE2
originating part Controlling terminating part
m MCPTT Server m
IMS/SIP —_— (110 —— IMS/SIP
CORE m m m CORE
& e == o &
—
. 4y
VITE e o> R INVITE
200 OK
200 OK INVITE 200 OK 290 O
ACK
ACK 200 OK ACK ACR
Floor
Floor ACK Floor Eloor
FAF
FAF Floor FAF FAE
OnClick
FAF
RRC

—
—
-

% | Nemergent / Solutions  SONIM.



Confidential 129

Performance testing

MCPTT Server

KPI measurements (ll) — —
Lab KPI measurements T

T lIIIII---O

Client A s Client B
((( T N>

<

1o L

—

@ | Nemergent / Solutions sonim.



Performance testing

Target KPlIs

Confidential

LTE Packet Delay

MCPTT KPIs Threshold Likelihood
Budget
(0]
MCPTT KPI 1 — Access Time <300 ms 95% of all MCPTT | _ 60 ms
requests
(0]
MCPTT KPI 1 — Access Time (Emergency) <300 ms 99% of all MCPTT <60 ms
requests
MCPTT KPI 2 — End-to-End Access Time <1000 ms N/A <60 ms
MCPTT KPI 3 — Mouth-to-Ear Latency <300 ms 95% of all voice bursts | <75 ms
— 1 (0]
MCPTT KPI 4 — Late Call Entry Time (encrypted <350 ms 95@ of all Late Call <60 ms
calls) entries
MCPTT PESQ MOS-LQO = 3.0 N/A N/A
MCPTT POLQA MOS-LQO = 3.0 N/A N/A

@ | Nemergent / Solutions

130
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-
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Performance testing

KPI Measurements KPI 1

Participating

MCPTT AS Controllmg
MCPTT Server

5% 3

Interim outcomes:

 Android OS

INVITE or LI
Token Requestl | ¢

« Good performance in protocol
execution

wITE

» Higher delays due to modern GUI
KPI 1

« Requires tailored code flows
Chatgroup call |

i i o i i i w

Dependence on the Android GUI SDK = UE1 ~ 30ms

UE1 + UE2 < (300 — 260 — 45 =)135ms
<EFUII GUIl = UE1 ~ 110ms

@ | Nemergent / Solutions sonim.
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Performance testing

KPl Measurements — KPI 2

Participating .
4 v 4 MCPTT AS Controlling Management
z z MCPTT Server  gerv

P-CSCF S-CSCF
PTT
presse d e85 S5 I I
— N | @
|
INVITE or UE1 1
Token Request 1 |
— <60 ms 1
\mﬂ
N

1
1
1
1 1
|1UE3 1
1 |
1
1
1
1
|

I

Interim outcomes:

« Easier to cope with

A

T

IMS + AS Private call

OR
Group caIIwitIIH 15t ACK

KPI 2

Private call

60-100 ms

—— e ——
—— e

s

UE1 + UE2 + UE3 < (1000 — 4*60 — 100 =)660ms
Initial measurements... KPlI 2 < 700 ms

—
3
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Performance testing

KPIl Measurements — KPI 3

Interim outcomes:

KPI 3 — Mouth to ear latency MCPTT Server * Sonim XP8 has shown significant
T reduction in the audio loopback
Average time in seconds = 0.450 (over LTE) - -
Jmn-—-of « Further enhancement needed
ir---0

"y

X Audio Track v | 1.0
Mono, 44100Mz

Mute | Sob | 05-

Client A Client B

-05-

Playback of the utterance at
the recening user's

speaker Chent B

Start of utterance by the
transmatting user Chent A

—
-

%’ | Nemergent / Solutions  SONIM.
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MCPTT servers in work

Test deployments

===a: Online servers for MCOP testing

Mission Critical Open
Platform (MCOP)

OpenFIRST ===s: Online servers for SRS testing
e «==a: |ntegration with SRS LTE
==uuz Nemergent Linux MCPTT client

=su=r Integration with ExpWay EPC

NIST / PSCR Labs Boulder, CO ====: Onsite deployments

=== Remote support

—
-
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Innovation Accelerator
Program (PSIAP)

 Client UE/ application
 Technical work

» Functional & performance testing
» Test deployments

« Dissemination

* Project summary

« Demonstration

« Q&A




Confidential 137

PSIAP work

- Denver, CO

August 2017
= % APCO 2017
E—

Dissemination

¥ August 13-16 | Denver, CO

«""""" Multi-technology PTT system
=euns Mutualink core

"**** Nemergent MCPTT
"er* SONIM XP7

% | Nemergent / Solutions sonim.
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PSIAP work

Dissemination

Madrid, Spain
November 2017

€urope

Public Communication €Europe

Public Safety Innovation
Accelerator Program 2017

End to End Mission Critical Push to Talk Mission Critical Open Platform (MCOP)

SO
BUALT rom l.l
u @ | Nemergent

s====® Speaking slot

£ -
Bittium EXPwaAy (‘.“cc,a

Develop / evolve MCPTT server components.
Integrate MCPTT client library with SONIM *Future open source Android MCPTT dient.
=» UserExperience, Nemergent role:

|
|
|
|
|
|
|
|
|
|
|
EEEER D old te 1 }
emo co rner Field tests with PSOs | *Deploy / maintain / upgrade MCPTT servers,
I
I
I
I
I
I
I
|
|
|}
|

Projecttarget:

= User/ Service Experience.

\\"‘\

====* Onsite servers ] S
SN

0@} ﬁ' e
===== SONIM XP7 g@%;- SR

= e

- . &
[ ;9“ QJ |Nemergent

% | Nemergent / Solutions sonim.



PSIAP work

Barcelona, Spain
February-March 2018

B MOBILE

WORLD CONGRESS

RARCEINNA 23 FFR-' M AR 20IR

Confidential 139

Dissemination

Contact for f2f meetings
3 G P P M C PTT info@nemergent-solutions.com

Nemergent standards compliant

VIOBIL

WORLD CONGRESS

r\/ RARANEE NNA 29 FFR. | AR IR

sOFTIL | AZCOF

| RCS & 5G Demos " o Craatinga
Better
Hall 4, 4A30 Hall 7, SE61 Hall 7, Stand G21 Future

Stand 15

—
3

@ | Nemergent / Solutions  SONIM.



PSIAP Work Dissemination Confidential /40

Orlando, FL
March 2018

/-\
ﬁ =

D I . '\C\ ,E
\_/

INTERNATIONAL WIRELESS

COMMUNICATIONS EXPO

D —
—
-

son |

P »l M) 044577

BUILT FOR LIFE”

Nemergent|

seenmr MCPTT + MCVideo demos

s=r=nur Onsijte + Online servers

m=n=t XP8 + SONIM branded GUI

e mcptt_id_clientB

R 3
e meptt_id_clientA

—
-
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PSIAP work

Berlin, Germany
May 2018

CRITICAL
COMMUNICATIONS

SERIES 2013

Dissemination

Confidential |41

—
3
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Project
Objectives
Revisited

First Year Progress — Highlights —
Platform Integrations

 Server side

— Full 3GPP R13 compliant servers with
QoS and eMBMS support

— Ongoing evolution to R14
« Client side

— Hardware button integration for PTT,
Yellow and Red keys

— Channel Selection Module SDK and
Integration on MCPTT client

— DSP Audio calibration for MCPTT,
resulting in enhanced audio clarity
and noise cancellation

— QCI Integration

— eMBMS integration using
Qualcomm middleware

« KPPl measurements

Sonim Technologies, Inc.
PSIAP - Project: End-to-End Mission Critical Push-to-Talk: beginning June 1 2017
NIST # 70NANB17H179
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G =June 1st

Table 1: Project Deliverables and Timeline Revised

| Section | Deliverable | Owner Date

Section 3.1.1 Service Integration
PTT App Integration on UE Sonim/Nemergent G+2W
ISIM API/APN for data connection Sonim/Nemergent G+ 14W
MCPTT Integration - Service Level Nemergent G+ 40W
QCl integration / Broadcast Services Sonim/Nemergent G+ 40W
E2E Broadcast Services SDK Sonim G+ 52W
Service Level Integration SDK Pkg Sonim G+ 52W Lege nd

TBD

Section 3.1.2 Mission Critical Experience I e
PTT Key integration / SDK Sonim G+2W eluf
PTT Android framework modifications Sonim G+ 14W In Progress
PTT SDK / guide Sonim G+ 40W
PTT Audio path demo Sonim G+ 52W
CSM - Generic API Sonim G+ 14W
CSM Accessory Prototype for UE Sonim G+ 30W
MCPTT integration with CSM Sonim G+ 40W
CSM SDK Pkg Sonim G+ 40W

Section 3.2 MCPTT Server Components
First Release of MCPTT System Nemergent G+2W
Second Release of MCPTT Management Servers Nemergent G+ 30W
Second release of MCPTT AS Nemergent G+ 40W

Section 3.3 Testing
Integration Testing (Definition) Nemergent/Sonim G+ 14W
Interoperability Testing Nemergent G+ 52-70W
Field Testing Sonim / Partner G+ 52-80W

Test Reports

Sonim

Per milestones

—
-

sonim.
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Objectives for
2018-2019

Better Better Ul Presence Contacts Rigorous
KPI and UX and Location and Group Testing for
Integration Management Mission Critical
Readiness

—
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Small scale /

MCPTT MCPTT [] 1dentity
Portable demo Appication  Menagement  [] Cofiguration  +—s 5
[C] Group ~ -
MCPTT-capable IMS
I I MCPTT Provisioning
PCRF BM-SC LTLETEVEJP% 2
e
Portable MCPTT + IMS system I
SW-baSGd SDR LTE SyStem LTE RF D MCPTT QCls
[CJ] MCPTT eMBMS

MCPTT compliant UEs
3GPP QoS support - QCI 65 and 69

3GPP eMBMS support .

MCPTT GUIs (client, OAM, dispatch)

oo

Protocol traces

—
-
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Coverage, Capacity, & Resilience Enhancement
in Limited Public Safety Network

Hyeong-Ah Choi, Amrinder Arora, Yanxiang Zhao; Gokhan Sahin; Wei Cheng
The George Washington U.; Miami U.; U. of Washington Tacoma




AGENDA

* Project Overview
* LTE Multicast for Public Safety Networks
* Dynamic Coverage for First Responders

. Q&A




Project Overview

* Objectives: To support communications for First Responders (FRs) through
* Extending Coverage and Capacity

* Real-time Scheduling of Relay Operation (on/off) and Coordination
* Enhancing LTE Multicast Capabilities for PSN
* QPP-Integrated Resource Allocation in LTE Multicast

e Main Tasks

* Investigation of prudent use of relays and mobile eNBs to support FRs through trajectory and
placement optimization, and real-time scheduling of relay operation and coordination

* Investigation of PSN-specific LTE Multicast incorporating QoS, prioritization, and preemption
(QPP) for Mission-Critical Communications (M C ()

)
PSCR



LTE Multicast in PSNs

Overview

* Public Safety Network

* 700 MHz Spectrum by FCC
10 MHz Bandwidth

* Spectrum Efficiency
* PSNs

* Significant group traffic expected

 Potential benefits from group communications, instead of transmitting identical
contents through point-to-point communications

* Goal: To utilize LTE Multicast through optimized resource allocation



LTE Multicast in PSNs

* LTE 3GPP Standard, enhanced Multimedia Broadcast/Multicast Service (eMBMYS)
* Transmission Mode: Multicast/Broadcast Single Frequency Network (MBSFN)

* Merits
* Avoid transmitting identical contents multiple times
* Improve SINR especially at cell edge

* Issues
» Base Stations (BS) need to be tightly synchronized

* Temporal and phase delays of arriving -
signals at UE side

Unicast <+ MIMO utilized Same contents
C“g::gf;ﬂg’;“g;ﬁ':}f (higher Spectrum transmitted multiple
Synchronization (MCE) Efficiency) times
Transmission
- Multicast * Inter-cell Multipath ¢ No MIMO capability
-7 Effect * More Reference Signals
(\ - * Higher coverage for Synchronization, etc.
qﬂ?))) T —— \) area  Extended CP (~15% less
PSCR MBSEN =~ _ - OFDM Symbols utilized)



Optimal Allocation of MBSFN Resource

* Single Cell  Single MBMS Service
* Non-Congested Situation « UEs may be served with Multicast or Unicast
* Goal: To minimize the total number of MBSFN J—— -
resources being used (in terms of PRBs) R TN
in order to serve all UEs within service area /// /// ~ b\\\ \\\
* Congested Situation Lo/ ’/ . \\‘ N
* Goal: To maximize the number of UEs being served Lol 7// A
given an application with required Bit Rate S '\.'\\ .\ ./,' Lo
and available MBSFN resources (in terms of PRBs) Voo N Nl c0 ) ) o
\ N /
* Define f;(u;) as number of PRBs needed \\\ SRR ittt /g ///
to serve the i™ UE through Unicast O Tho-T 0 S
. . \\\ O ///
* Similarly, define f;(u;) N e 775"7—’ o
%)»  Observation: fU(uj) < fM(uj) {3><‘ = 1 "... s ﬁ’
PSCR Station  Multicast Unicast No Servics *©1¢



Optimal Allocation of MBSFN Resource

Main Results

1. Linear-time Optimal Algorithm

2. Linear-time Optimal Algorithm for Prioritized UEs
* Quality of Service, Priority and Preemption (QPP)

1.  Lower priority UEs can be served only after all UEs of higher priorities being served

ii.  Given the policy above satisfied, the goal is to maximize the number of UEs with
Multicast or Unicast service

3. Linear-time Optimal Algorithm with Preemption Enabled

* Remove active sessions of lower priority UEs to serve higher priority UEs
* Removal 1s done in such a way that guarantees the number of UEs still being maximized

)
PSCR



Optimal Allocation of MBSFN Resource

Significance of our Results

* Priority/QoS Key Parameters [FirstNet]
* To manage priority access to the network (or cell)
* To manage priority allocation of network (or cell)
¢ Our algorithm can manage priority allocation for the MBSFN application
* To ensure application performance during time of congestion/overload
+** Our algorithm can manage preemption of the MBSFN application users

* To re-assign or preempt connected cell resources

Multi.cell[Multic?st
Run Algorithm at MCE* Coordination Entity

Synchronization

Transmission

%))) S~ 2 g =

PSCR MBSEN ~ - -




Optimal Allocation of MBSFN Resource

Algorithm

Algorithm 1 Optimal Allocation of MBSFN Resource in
Single Cell
Input: UE Info. (CQI, RI), R
Output: Maximum Number of UEs with Multicast or Unicast
Service
1: Compute qo:  // qo denotes the Maximum Number of
// UEs Served with Unicast-only

2: max 4 qo;

3:m o+ 1;

4: while (far(u,n) < R) do

s if (far(u) + Fu(m + 1,max) < R) then
6: (m — max;

7: Ay — R~ far(uy,) — Fyy(m + 1, max);
8: L dm+1,

9: while (fi/(u;)) < A, do

10: Qm < i

11 Am «— Am. - f(_,,'('U»i);

12: 1414+ 1;

13: end while

14: max < Q-

15:  end if

’Uh))) 16: m <+ m-+1;

17: end while

PSCR 18: return max;




Optimal Allocation of MBSFN Resource

Simulation Results

* Simulation Environment
* Vienna LTE-A Downlink System Level Simulator implemented in MATLAB

SNR CQI
3GPP Vienna ’ ’ Aleorithm 1 Linear-time - Maximum Number of UEs
Specifications Simulator R S CHEEHEH - with Multicast or Unicast Services
Priorit Linear-time Maximum Number of UEs
ol AN Algorithm 2 » with Multicast or Unicast Services
A55¢8 satisfying the Priority Policy
Maximum Number of UEs
Higher Priority Aleorith Linear-time _ with Multicast or Unicast Services
rm}») ~ UE g Algorithm 3 " after removing active session of
lower priority UEs

PSCR



For L.O Traffic Camera data

Optimal Allocation of MBSFN Resource [ B

Simulation Results

e Simulation Parameters 1
e 120 UEs i
* R =500 (10 ms period; 1 LTE Frame length)
em— S e o o Dietritfutien of C(?ls = . - - o
“ | ' For Telemetry data
L ool
Lol | e
10+ z
5 f -
1 2 3 4 5 6 C7o|\t/3aluzs 10 11 12 13 14 15 “ |
{113) e
PSCR C

Num. of UEs Served n Mulicast



Optimal Allocation of MBSFN Resource
Simulation Results

* Simulation Parameters
* 1500 UEs
* R =500 (10 ms period; 1 LTE Frame length)

- Distribution of CQls

30+

Perctage (%)
— N N
(&) o [4,}

Y
o
T

(5]

0
1 2 3 4 8§ 6 7 8 9 10 11 12 13 14 15
CQl Values

)
PSCR

For LQ Traffic Camera data

For 1500 UEs, with Speed of 8.5m/s under TU Model

1500
1400
1300
—41000: Multicast or Unicast
1200 41000:  Unicast Only
1100
1000
2
‘; 00
b
®
3 800
s
S Tor
s
00
00
00
300
200
100
.......
0 100 200 30 400 0 ou. 00 200 w00 1000 WO 1200 1300 0)0 1500

Num. of UEs Served in Multicast

For Telemetry data

For 1500 UEs, with Speed of 8.5m/s under TU Model

138000: Multicast or Unicast
138000: Unicast Only

HERERER

700 |

U VTS Dy Durves

B

500 }

............
0 00 200 300 <0 500 0 e 00 900 1000 1100 1200 1300 1400 1500
Num, of UEs Served in Multicast




Simulation Results

Optimal Allocation of MBSFN Resource CUE | cal | R |fwCuw | fou)
5 238 71

1 3
2 9 3 103 30
e eNodeB and UE positions 3 9 3 103 30
. "
4 13 2 54 25
800 - 2
5 13 1 54 49
Ron ; 6 13 2 54 25
400
s For a 41000 bit/s Application
200 |-
—_ 4 & 250 -
s 2
g o 2 1 240t
= >
& B 230 ¢
-200 | o
T 220
-400 | 2
& 2 210
R @ 200}
-600 - .5 ::
6190}
-800 |- £
i 3 180+
_1000 L 1 1 1 1 170 i i ' i
-1000 -500 0 500 1000 0 1 2 3 4 5 6

X pos [m] Num. of UEs Served with Multicast



Year-2 Plan

e Multi-Cell MBSFN
* Revisit single-cell condition: fM(uj) = fu(u)
* Complete mvestigation® on inter-cell multipath effect
* Optimal algorithms

* Off-Network
* Two Coverage Scenarios
* 3GPP ProSe Specification

* Optimal algorithms
* Uplink and Sidelink Transmissions

)
PSCR




Dynamic Coverage for First Responders

* Limited Wireless Network Access
* LTE Framework Mobile Base Station
* Optimal Locations for Base Station Deployment

* Mobility and Priority Analysis

)
PSCR



Introduction

* First Responders (FRs) may not have wireless network access due to catastrophic
scenarios

* Mobile Base Stations (mBS) under LTE framework, with little modifications, can
provide wireless services for FRs

* Dynamic Nature: FRs move around; mBS can also be re-located

* Our Focus: Optimal location(s) to deploy the mBS in order to maximize the number
of FRs served with their corresponding Bit Rate requirements

* Take into account application priority classes and user priority classes

)
PSCR



Accommodating Different Operational Policies —

Quantification Mechanism

 User Priority
* Immediate Peril, Responder Emergency, Out-of-service, etc.

* Application Priority
* Mission Critical Voice, Audio and Video Streaming, etc.

* Operational Policy Constants for each user/application class
combination

* Identify UEs for which the Bit Rate requirements are met
* Weighted sum of Operational Policy Constants



Evaluating a Placement e

e Establish the UE-mBS aftiliations

* Calculate SINR - CQI = Spectrum
Efficiency - Bit Rate

AWGN Effective SNR

e Evaluate if Bit Rate meets the ES=22
requirement
* Evaluate the Weighted Satisfaction S
Score | #
gs’ * y
Upper figure: Vienna DL System Simulator i, r p i o
Lower figure: 3GPP 36.213.7.2.3-1,2 2| .
qﬂ’») 0: P BT

CQI Values

PSCR



Structure of the Simulator

Placement Evaluation Placement Calculation

Initial
Placement

Spectrum

Efficiency Adjustments g  Evaluation

met or not

Weighted

Priority selollig;

Simulation

PSCR



Comparing Placement Algorithms

Static Equal Sized Blocks // Baseline
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Comparing Placement Algorithms

k-Means (Distance)
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Weighted k-Means

* Disadvantage of k-Means

* Some UEs have very low SINR with their affiliated mBS
* These UEs may have higher priority classes

* k-Means doesn’t take priority into account

* Weighted k-Means Clustering attempts to eliminate those scenarios



Empirical Results

 Simulation over 100 scenarios

Number of FRs | Number of mBS mm Weighted k-Means

409.53 508.91 582.36
100 4 815.72 916.41 997.38
150 4 1239.5 1333.5 1410.1
150 9 2522.8 2771.4 2954.1

)
PSCR



Understanding Movement Dynamics

* UEs (FRs) move around due to operational requirements

* One mBS placement that 1s optimal at one time instant may no longer be
optimal at the next instant

* Weighted Satisfaction Score after movements

* Cost classes of mBS — Different base stations may have different costs
in order to be moved around (and associated time delays)

* Depending on the mBS cost classes, we calculate a placement that
performs well when taking the mobility of UEs into accounts



Empirical Results - Dynamic Nature

e Simulation over 100 scenarios with moving UEs

Number of FRs | Number of mBS mm Weighted k-Means

399.77 408.3 459.73
100 4 777.57 823.32 860.92
150 4 1181.4 1208.1 1258.9
150 9 2385.0 2374.6 2423.5

)
PSCR



Results Snapshot

)
PSCR

Moving and re-affiliating UEs by
closest mBS, weighted k-Means still
performs the best, with little advantage

over SESB which doesn’t take UE
locations into account

Overall, both k-Means and its
weighted version degrade significantly
with the movement of the UEs

Weighted Satisfaction Score

2500

2000

1500

g

500

1 2 3
4 Experiments with Moving UE
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“PROXIMITY SERVICE EVALUATION & EXTENSIONS”
IMPROVING BROADBAND DIRECT COMMUNICATIONS

PSCR Grant Funded (Commerce Dept.)
1 June 2018

'$® TECHNOLOGY TO CONNECT,
HARRIS.COM | #HARRISCORP INFORM AND PROTECT™



PSIAP ProSe I;IAIWS ’

Description/ key features

* Developing profiles and extensions to ProSe that align its capabilities with First
Responder expectations and needs

Key success factors

* Matching the reliability and coverage of existing LMR direct communication
capabilities

* Enabling new services with ease of use, continuity across network domains, and data
services via PS profiles and extensions

Market
* Direct communication is required for all public safety communication systems

* ProSe is the only broadband direct communication standard designed to address
this requirement

Technology to Connect, Inform and Protect ™ | 79




Research approach HARRIS

* Use cases

e Physical layer simulation
* Synchronization

* Group ARQ transmission
* Upper layer research

* Demo

e Questions?

Technology to Connect, Inform and Protect



Method HARRIS

Recommended Requirements l
Simulation & Analysis AINS-3 ‘ MATLAB

Existing Derived
Protocols Requirements

Requirements Use Cases
First Responder Current . Proiected 0 . .
Routines & Practices municat dses % FirstNet

Practice

Technology to Connect, Inform and Protect



LTE-direct standards development/ releases I;IAIWS "

ProSe

R11 High Power UE for B14 Improved UL coverage for PS/ ProSe benefits (Regulatory challenge with portables)
March 2013

R12 study/ Initial ProSe  Multicast communications/ no ACK/ no relays/ limited discovery
March 2015

51?2;?039 Unicast communications/ HARQ/ multiple bands/ network relay and priority support (PS)
arc

R14 FeProse Study on FeProSe network relays for loT & wearables
June 2017 (power consumption focus) / ProSe conformance requirements

Release 15 FeProSe  Limited normative work: network relays for IoT & wearables
September 2018

Chipset availability uncertain (shared carrier required in US)

V2X
R13 vax Feasibility study based on ProSe PC5 (ProSe waveform)
March 2016

Sept 2016 RAN announces initial spec with enhancements before R14 date
R14 vax Sept 2017 Qualcomm announces trials of 9150 chip set
June 2017 High power devices allowed for the service

Release 15 5g Multi-carrier aggregation/ 64 QAM / power Class 2/ extended sensors
September 2018 Support for: platooning, advance driving, remote driving

Chipset trials underway (dedicated carrier now; R15 shared)

™ | 82
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Proximity service communication HARRIS

Out-of-network

In-network
direct communications direct communications
(public safety only)
Coverage
Extension
Relay
B) (C)
(A)
(D)
Mode2: provisioned Tx resource pool Model: eNB scheduling
(time & frequency allocations Mode2: provisioned Tx resource pool (PS only)

Data communications
Relayed communications
----------- > Network synchronization/ two modes

™

Technology to Connect, Inform and Protect




Use cases: direct communications HARRIS

Similar or greater RF link distances to legacy capabilities
« Serves sparse communications without supporting nodes or relays
« Communications distances should not be limited by protocol

Reliable communications

« Should occur quickly after power on FirstNet”
« Should be unaffected by device movement CoTage
« Should be limited by physics not protocol

B 78 i Priority

Mission Critical Communications

Technology to Connect, Inform and Protect




Audio codec performance l/-lAl?l?lS

Legacy P25: AMBE 3.6 kbps
» Perceived challenges: audio quality & performance with acoustic noise

3GPP Codec evaluations focus on these issues

» Performance in noisy audio conditions
— The claim is made that AMR-WB will have acceptable performance when noise
cancellation is applied.
— EVS —benefits from dynamically coding in voice and waveform models

 AMR-WB — mandatory recommended CODEC: 12.65 kbps: 2% FEC
« EVS-SWB - recommended optional CODEC: 13.2 kbps: 8% FEC CA

- = AMR-NB - - AMR WS - EVS-NB oTX » AR NS .
P25 on e VSN —l [V WD
e EVS W e EVS.SWE  reerees DS —— EVS SWH ceeeeee D%

5 - 5
¥ @--"" e — £
> > £
z ~¥ & ‘£
g Q=== -~ §

Clean audio Music & mixed content

1%
Bit-rate

Bix-rate

Technology to Connect, Inform and Protect




Simulated performance HARRIS

Direct Communications Range ,
P25 Bit Error Rate Performance

¢ P25 6.00% .

_ Fixed range 005 o P25 Public Safety

Ixe 9 oo ~ Audio Quality Threshold

d PI’OSG & 3.00% \ l

— Through nden 2.00% S

oughput dependent oo —
0.00%
10 12 14 16 18 20 22

Faded Channel SNR (dB)
Sidelink BLER (%) in EPA5 fading and AWGN

PSCCH/SCI —EPA —EVA ETU
PSSCH/SL-SCH
40 |
S
o . .
w Audio Quality Range:
M 200 (recommended CODEC selection)

SNR (dB)

Technology to Connect, Inform and Protect




Relative coverage HARRIS

Basis for coverage comparison between P25 and ProSe
* Represents best case scenario
» Coverage decreases with increasing throughput for data services

P25 HP-UE Relati
Portable | Portable Portable elative coverage
35 23 31

Nominal Tx Power 40

1x1 1x2 1x2

5 w0 30 E.. e
6 7 7 <
g
DAQ3.4 (dB) 17.7 2.2 2.2 / § 30
1475 1366 1446 @ ot (@ woe oz
0 -4 -4 S 25
147.5 1286 136.6 %
1.00 034 0.53 =
1.00 0.11 0.29 £ 20 @ Ut o005 @ von

15

Data Voice services

Technology to Connect, Inform and Protect ™ | 87




Closing the coverage gap l/-p\l?lzls

Staying within the standards
 High power UE (standardized for band 14)

- High efficiency antennas J VS. .
= Integrated antennas generally have much lower
efficiencies
« Singular transmission scheme in time (configuration)
= For example: single service per ProSe period (40 msec.)
= Counter example: Video, Text, and Voice as separate
physical packets
 Lower rate voice CODECs
= For example: P25

Technology to Connect, Inform and Protect ™ | 88




Apparent physical distance vs. RF distance l/-lAl?lilS

Apparent physical -
distance ProSe propagation delay

tolerance is a function of
N configuration.

\‘l « By default the distance is ~ 1500
Device B feet.

» Operation beyond this distances is
V subject to reduced receiver

performance. l

Device A

. . Reliable operation out to
Effective RF distance propagation Iimits_

The effective RF distance can be many times
the apparent physical distance

Technology to Connect, Inform and Protect ™ | 89




Line of sight propagation

Communication by advantaged locati

3GPP standards work has focused

 Default configuration of CP (cycli
of protocol

Technology to Connect, Inform and Protect



Typical structure of ProSe signals HARRIS

Active Resource PSCCH period #0 (FDD)
Blocks 25 | | |

nPSCCH: 19

ITRP: 8

Freq Hopping: 1
Hopping Bits Value: 1

20 RIV: 239
§ 10 Data
Synchronization Signal Allocation Network
(SLSS/PSBCH) 5 (PSSCH) Allocation
Control Allocation
(PSCCH) 5 1|0 1|5 2|O 25 30 35 40
\ Subframes }

|
40 milliseconds

SLSS — SideLink Synchronization Signal
PSBCH - Physical Sidelink Broadcast Channel
PSCCH - Physical Sidelink Control Channel

PSSCH - Physical Sidelink Shared Channel



Time offset in non-ProSe operation HARRIS

UE A synchronizes

UE A sends initial Tx

eNB delay for each UE
eNB sends message to UE

Receiving:

UE A transmits early UEA

Synchronization
eNB receives messages time aligned Source: eNB

< %

Distance: d

-

Technology to Connect, Inform and Protect




Timing offset in ProSe communications

WS )

Sync source near receiver Sync source midway between nodes

J i
Synchronization. .
Transmitting: Source: UE B Receiving:
UEA UEC

Transmitting: ~ Synchronization
UEA Source: UE B

Distance: d

Receiving:

UEC

¢ Distance: d 3

)

t gt =d/lc+d/lc—0

= 2d/c =d/c

Synchronization offset by sync. source position
1. Near receiver: 2d/c 4. |s transmitter: O

t.wet = d/2¢c + d/c — d/2c

2. Midway between nodes: d/c 5. Is receiver: a) 0 (adds sync. source)

3. Near transmitter: 0 b) 2d/c

Technology to Connect, Inform and Protect



BLER as a function of timing offset in samples HARRIS

100 Sidelink BLER (%) in EPAS fading and AWGN

Sidelink BLER (%) in EPAS fading and AWGN
PSCCHI/SCI ol |\
PSSCHISL-SCH . —————

\\ ‘ PSSCHISL-SCH
N\ 25

90

BLER (%)

SNR (dB)
Receiver performance degrades with time offset

» Standard cyclical prefix
= ~40 samples per mile
» Best performance ~ 3/8 mile with EPAS fading

Technology to Connect, Inform and Protect ™




BLER as a function of timing offset: ETU l/-p\lws

Sidelink BLER (%) in ETU70 fading and AWGN

“ Sidelink BLER (%) inETUT0 fadlng_.\nfl AWGN
psocrsel | PSCCHISCI
PSSCHSL-SCH | PSSCH/SL-SCH
B0
%52
2 o 2 4 & 8 10
Receiver performance degrades with time offset SNR (dB)

» Standard cyclical prefix
= ~40 samples per mile
» Best performance ~ 1/4 mile with ETU70 fading

Technology to Connect, Inform and Protect




Delay offset mitigation HARRIS

Setting the cyclic prefix to extended
* Allows ~ 3 miles of delay offset
« Reduces throughput by: 14%

Blind searches for proper timing
* No loss in throughput
* Reduces battery life

Technology to Connect, Inform and Protect ™ | 96




Sync source use cases & determination

‘ GNSS Autonomous
, 2 SLSS (PS)

N

mm\’__,\ . . SLSS

Muttiple | @ g Chain (PS)

SLSS

( B eNB Directed
~. (D).~ SLSS

' \
! \
1 |
: é\ “
'\ '(B) : !
: A :
\ 1
\ { 1
\\ /
. 7
, SLSS with J
N e \
S, I AN async o
\\‘ __________ -7 \\\ eNB,S ,///

~ -
R

Technology to Connect, Inform and Protect ™

RSRP >
TsyncTx

ThreshOC
?

Network
coverage

eNB
Directed
SLSS?

networkControlledSyncTx

RSRP >
TsyncTx

ThreshIC
?

SL Sync
Source

Note:
1. Off network sync shown in

black
2. ProSe devices may receive

multiple SLSS



Synchronization sources HARRIS

i—E

(C)

(E

A VA
(F)/

v\\ (G) UE Areceives async. message
UE C acts as a relay for an async. message
UE F receives SLSS, from UE beacon E
UE F receives SLSS, & message from UE G

N—
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Multiple sync sources HARRIS

Each device may receive multiple

'\> . synchronization sources

e |t tracks them

(A) « Areceiver must search sync
. sources
(B)SS — To minimize missed messages

— Each sync. source reduces battery life

B s

Managing the sync source life cycle
« |dentifying mergeable sources
— Pruning sources

« Sync sources can evolve their timing
to merge sources

Technology to Connect, Inform and Protect




Coverage extension relay HARRIS

Benefits
= Extended range
J = |Lessons obstruction effects

Disadvantages

= Twice as many radio resources

» Quasi-static deployment

= MIMO capabilities not fully utilized

Obstacle
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Cooperative communication (example) HARRIS

|
'(E)

Obstacle

J

(A)

Cooperative devices: (B,C,& D)
synchronously echo messages
during re-sends

Benefits

= Higher effective transmitter power

= Diversity: M x 2

= Dynamic cooperative communications

= Improves communication with obstructions

Obstacl
Sacie Challenges

= Managing congestion

Technology to Connect, Inform and Protect ™ | 101



Cooperative support algorithm l/-p\lws

Each device acts independently

=l

Originating Benefiting
device device
Configuration J
= System policy Support
= Local policy devices
CSA
Priority (Cooperative Transmission
»  Protocol e |:> Support
« Application Algorithm) Decision

Radio Metrics
= Signal quality
= Signal loading

Technology to Connect, Inform and Protect



Cellular & off-network overlay HARRIS

MANET Management
* Link life cycle, relays, network transitions, resource allocation

Interference Control

' Network
Intra-MANET & cross-network interference - eawork.
Network Relay
Cross Transitions
Off Network Network
Interference Interference
In Network
&7 Interference
Coverage
Extension Cellular
Relay

Network Cover/age
Base Station
Interference

Network
Scheduling
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Group domains l/-lAIWS

Network communications provides:
« Greater efficiency

Network group » Less congestion limitations
B « Connections for

g ,é — Reporting chain monitoring

. . — Evidentiary recording

Hybrid group

BB
Direct group
: s 0
o A
Networ-k
X B R .
ol

& =
Not efficient in good &9 .

network coverage Groups can fragment and reconnect
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Demo l/-p\lws

Development platform for evaluating new capabilities

ZC706 and ZC706 and
Laptop FMCOMMS2/3/4 FMCOMMS2/3/4 Laptop
—— e ———
MATLAB: MATLAB:
* Set ZCT06 Parameters * TransmR Stored * Receive Signal * Set ZCT06 Parameters
(Gain, Channel, etc) Frames * Send Signal to Laptop (Gain, Channel, etc)
* Capture Audio * Correct Received Signal Errors
Every 1 Second * Re-assemble Data and
* Create ProSe Signal Play Audio

* Transfer Signal to ZC706
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Modeling, Simulation and Performance
Evaluation for Future Public Safety
Networks

Sumit Roy, Thomas R. Henderson, Collin Brady
University of Washington

Lorenza Giupponi, Zoraze Ali, Manuel Requena
CTTC

June 2018 Public Safety Broadband Stakeholders Meeting

Contact: tomhend@u.washington.edu
UNIVERSITY of WASHINGTON
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Program overview

> R&D proposal responding to topics A (Mission Critical
Voice), D (PSC Demand Models), and E (Research and
Prototyping Platforms) of the 2017 NIST-PSIAP-01 NOFO

> Two year program conducted by University of Washington
and Centre Tecnologic de Telecomunicacions de Catalunya
(CTTCO) investigators

W



Presentation outline

> Topic A (20 minutes): Advances in ns-3 simulation support
for LTE-based public safety networks

> Topic B (20 minutes): Advances in modeling device
discovery in LTE D2D mode 2 operation

> 10 minutes for Q&A

W



ns-3 Models and Scenarios for PSCR

Tom Henderson (presenting) and CTTC team (L.
Giupponi, Z. Ali, and M. Requena)

W

UNIVERSITY of WASHINGTON



ns-3 Models and Scenarios for PSCR

> Need: Create PSCR-focused research and prototyping
platforms (topic E)

— Packet-level network simulators simulate the end-to-end flow of
application data through model network scenarios

> Project goal: Enhance the ns-3 discrete-event network
simulator to become a preferred simulation framework for
public safety communications research

> Technical leads: Tom Henderson (Univ. of Washington) and

Lorenza Giupponi (CTTC)



Why simulate networks?

> Study aspects of technology not yet implemented or specified
> Repeatable, scalable, cost-effective experiments

Pure Simulation  Virtual/Physical Field Live
Analysis simulation “cradles” test beds experiments networks

Increasing realism

Increasing cost and complexity

W



Packet-level simulation overview
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Network-level views

Network cell structure showing eNBs, Radio environment map showing
UEs, and buildings signal strength from eNBs
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Sample questions for packet-level simulation study

Topics sampled from the literature, found on Google Scholar

>

>

Performance analysis of hybrid aerial-terrestrial 4G LTE/Wi-F1 multimode base
stations deployed on airborne platforms

Rate allocation algorithms to optimally allocate resources while delivering
minimum QoS guarantees

Performance of priority access alternatives on shared commercial LTE networks

Performance of distributed base stations in LTE public safety networks

L e e D)
M g ata woee o

-l
I - e Met lede et e oo b v S




Why ns-3?

> Common, open source tool to advance the research and leverage the work

of others

> NIST PSCR group has already made significant developments

A single simulation
instance can run on
a workstation -,

or laptop

[ cosssssmns  comsen ]

real annlica ions

Annlication

Native ns-3
models of

these layers
—_

real applications
Application Application via Direct Code
Execution
odular
| interconnections
Transport Linux run Linux
stack kernel code
via Direct
Code Execution
modular
| _______ | interconnections
v v

packets can

be sent out over
real NICs (realtime
scheduler)

Q\'
Phy/Channel

real apphcatlons

ect Code
on

ux
tode

ect
xecution

can

out over

Cs (realtime
er)

lode

ition

bver
ealtime

Alternatively,
scenarios can be
parallelized
across a cluster




Development plans for ns-3's PSCR module

-~

re
s11 \
nterface \

S1-U interfaces A
UE «i@  EPC model SGWPGW

Existing ns-3 LTE support

ﬁixtend ns-3’s existing LTE module t

incorporate the public safety

extensions

e off-network modes, MCPTT,
enhanced backhaul models

Create sample public safety

network scenarios (templates)




Modeling a first responder scenario in ns-3

NIST PSCR has created a ns-3 scenario based on the Televate
Report! describing a hypothetical (urban or rural) hostage incident

600 -

4001 Perimeter UEs —

200 - \ | Python Matplotlib

N Inner perimeter eNB _ | | rendering of
and strike team UEs ~. scenario nodes
200 Staging area__, [[7."]
400 - and UEs :
Incident command UEs —

~600 -

~600 400  —200 0 200 400 600
thttps://dps.mn.gov/divisions/ecn/programs/armer/Documents/Minnesota

Needs Assessment Report FINAL.pdf w




Televate applications

> A number of notional applications are configured to generate and
consume traffic bursts

Application Start Application Stop

Packet
Size

Time

Inter-Packet Interval

| |
Number of Packets in Session

Inter-Session Interval

Figure source: Incident Helpers Description, NIST/CTL/WND - 2017/10/25

> Supplementing with higher fidelity application models as
appropriate; e.g. on-network MCPTT



Incident scenario example

Raw trace data generated by ns-3

EmsVideo 1 Server 942.363929
EmsVideo 1 Client 942.373177
EmsVideo 1 Client 942.377 RX
WebBrowsingGraphics 0 Server
WebBrowsingGraphics 0 Client

RX 1012 1061 U 2395

TX 1012 1061 U 2398

64 113 U 2397

942.380928 TX 1024 1073 U 2399
942.394 RX 1024 1073 U 2399

AlessetPerimeter_l_SErver 942.42492988 RX 1408 1457 U 2401

Used to
measure
KPls

Throughput (Mb/s)
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10

N\ Figure 0
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EMS traffic vs Time
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Summary of year-1 progress

1) Software integration and availability
— Make NIST D2D and ProSe models compatible with the mainline ns-3

release
LteUePhy
e e e e e e e s StartTx ()l_ —_ - TStartRx () o e e e e - - - |
| o mim e e i m e e e m e m e mm | i b e ————— |
|+ UE's SL SpectrumPhy EE: eNB's UL SpectrumPhy E LteSpectrumPhy : | LteSpectrumPhy |; eNB's DL SpectrumPhy E|
| : e —— — ] : ....... o ] | L ——— .‘.‘.-.-.----‘.‘.‘.--ll
| T StartRx () TStartRx 0 lStarth 0 : I TStartRx () 1Starth 0 |
I
| |
| SpectrumChannel : | SpectrumChannel |
I
| |
| Uplink o Downlink

— e— — — — — — — — — — — — — — — — — — — o— — — o— — — o— o] — — — — — — — — — — — o— o—— o— o— — —




Summary of year-1 progress (cont.)

2) Improved model fidelity for public safety scenarios

— Improvements to the LTE EPC model (for more flexible network
configurations)

— Start to support on-network modes of MCPTT

g

vE

p

UE

LTE
model

UE

radio link

— pOiNt to point link
S— aryy link Or network
p—lG
— -
—

. . M remote hosts

S1-CP /

interfaces /

/ 511

interface

S5
j interface

SGW

S1-U interfw

EPC model




Summary of year-1 progress (cont.)

Improvements to the LTE / EPC model

__________ |- =——

UE I NB i SGW b PGW remote host !
oo THRNT R | i)
R —— ] e - New SGW, PGW and MME
e T EA R nodes
SR S | | - NewsSSinterface
. ______ ‘.L. - GTPv2-C protocol
e B B B R B B - Management of data/control

TEIDs 1n core network
entities

SANLFUANLFUANLFVRVLFRANLAN . . o .
=
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Example of software testing and integration

> Testing of wraparound methods to simulate multi-cell edge
effects




Sample documentation

> Extend PSC module documentation (e.g. pathloss models,
sidelink bearer activation, tests to validate code)

if (Macro Cell Communication) ez . »
then —
L = PscUrbanMacroCel |
else (D20 communication)
if (NodeA is outdoor)
then e
if (NedeB s outdoor) - '
then o= .
L = Psclutdcor e H -
olse s .
L » PscHybrid o ]
olse (ModeA is indoor) = H H -
Af (NodeB 1s Lndsor) ! ] |
then
L = Pscindoor
else
L = Pscybrid

PscHybndPropagationLossModel

This model & implemented 1o OWdOor 10 INJOON SCANANOS A5 Per the Speciications i [TRIGAL]. The model suppons Soth Line ol Sigit (LOS) and Non Line-ol | mn f‘"]

Saghe (NLOS) scenaros By taking n %0 account e shadowing accondng 19 4 1og-normal distatuson wieh standaed deviaacn of 7 dB for Both the scenanos.
The pathicss cquatons wsed by ths mode! &

L1os/dB) = PL_B1 tot(di + deg) + 20 + 0.5di = Tilll

Lxros dB| w PL.B1 2ot(din + det ) + 20 + 0.5d, — 0.8hyy,

PL_B1_tol s compued s folows, =

PL. B tot(dix + dat) = Max(PLjrespaceld), PL.Bdin + s ))

MPLJ‘....,“.ummxnpuhbumEq 4.24 n [winner Se=

PLjr ceapace = 20 1o (o) + 46.4 + 'zmug.,,.:é: B [
D - ~—




Future plans

> Finish EPC model upgrades and in-network MCPTT support

> Additional features:

— Support of LTE IDLE mode and radio link failures (RLF) as nodes transition
in and out of coverage

— Scalability and system level support for more real code integration and for
simulation checkpointing

— Support evolution of D2D/ProSe to later 3GPP release features (more in-
network support and prioritization)

> Continued scenario development, and start to enable new users to

conduct interesting research on PSC-based LTE networks



Modeling Device to Device Discovery

in LTE Mode 2
Collin Brady (presenting) and Sumit Roy
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Overview

= Motivation: Current LTE specifications lack a robust D2D discovery
process. As more public safety users adopt LTE, D2D discovery must be
optimized for time critical situations.

= Operational Benefit: First responders in off-network situations can
discover each other and communicate more quickly.

= Approach: Modeling each discovery round as an ALOHA like process
allows for mathematical analysis complemented by MATLAB simulations.

= Future Work:

= Extension of first round results to subsequent rounds
* Algorithmic adaptation of transmission probability

W



D2D in LTE

D2D for network
congestion relief

3

D2D for Coverage /

Extension

D2D for Out of

3
/ Coverage
8

Communications

W



D2D Discovery

= “Discovery” 1s a function that allows UE to learn about other
UE 1n their vicinity
= Two discovery modes are defined in the standards:

= Mode 1: In network

= Mode 2: out of network

" Discovery messages advertise what each UE 1s capable of

/ <<((l))>> /D
Elf | D Out of
In Coverage Coverage




LTE Physical Sidelink Discovery Channel(PSDCH)
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Spatial Distribution of UE




Collisions and Capture

\/

Collision




Current Discovery Algorithm

Select a

Perform a

K new UE discovered

Transmission

Di Period
Probability 6 ISCoVery Feno

Repeat

Forever

" @ never changes

each Round
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Effects of suboptimal transmission probability choice on rounds until total discovery

5% ' T T T T T 1

1 1
[ Transmission Probability = 25%
[ Transmission Probability = 100%

w
R

Probability of Total Discovery Taking N Discovery Periods
mh N
2 & 2 2

2]
R

Q
R

0 20 40 60 80 100 120 140 160 180 200
Discovery Periods until all other UE are Discovered, N




Goal

Using a Markov chain model of the discovery process, minimize
the time 1t takes for one UE to discover all other users

Phase 1: Model the first discovery period and determine a
probability distribution for K discoveries

Phase 2: Extend the first round results to rounds beyond the
first, and develop an estimator for the number of UE 1n

the group



Phase 1: Single Round Model

" Define Pyiq-(K)

= Conditioning on events:

= Whether or not a reference UE transmits

" [f 1t does: The number of transmitting UE who select the same PRB as the
reference UE

= The number of other UE that choose to transmit aside from the
reference UE, N,

W



Phase 1;: UE PRB Choices

Resource selected

-----ﬂ-ﬂﬂ

L
)

2]
(2]
2]
9]

Number of users in each PRB

N 8 N N R I A N N ) Y S Y N S N E

- Number of UE in each occupied PRB W

X




Phase 1: Collision and Capture Probabilities

2 Simultaneous Transmitters 3 Simultaneous Transmitters 4 Simultaneous Transmitters
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Phase 1: Collision and Capture

PRB Occupancies

I S N O O N

Event 1 Capture Collision Collision Capture Capture Capture
Event 2 Collision Capture Collision Capture Capture Capture
Event 3 Collision Collision Capture Capture Capture Capture

* Single occupancy PRBs are guaranteed to be decoded
* Remaining discoveries must come from multiple occupied PRBs

» Total probability 1s the sum of all event probabilities




Effects of Transmission Probability on Discovery Probability with few UE
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Effects of Transmission Probability on Discovery Probability with many UE

20% ¢ Y T T 1 I I I
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Optimal Transmission Probability, Our Model vs [1]

100%

"—Our Model
\—Griffith Model [1]|

Optimal Transmission Probability, 0

3
4

40% ¢+

30@},-0 A A i A A i A A A
0 5 10 15 20 25 30 35 40 45 50

Number of UE, N, W



Effects of our Optimal Transmission Probability
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Phase 2: Multiple Round Theory

* Use modified coupon collector’s problem as a framework

e

-

= Define: Py;o.(K, Ngjoc)

W



Eftects of Previously Discovered UE on Discovery Probability
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Effects of Previously Discovered UE on Optimal Transmission Probability
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Future Work

= Using:
= Current number of UE discovered
= Previous number of UE discovered

= Find: Estimate of total number of UE

= [Use estimate to select 6




Key Takeaways

* In a wireless scenario only one UE can be discovered per
PRB unless other methods, successive cancelation or
others, are implemented.

= By taking into account the spatial distribution of UE the
transmission probability can be set higher than previously
thought.

= The optimal transmission probability 1s not dependent on
how many UE have already been discovered and so the
best way to improve discovery performance is to estimate

the number of UE as quickly as possible. W
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Related Work

= Griffith et al. [1] derived analytical expressions for modeling
the distribution of time required for a UE to discover all other
UEs within a single group. These analytical expressions can be
used to guide the selection of transmission probabilities.

" Qur results extend those of [1] by accounting for the
possibility that not all discovery collisions are destructive. Our
more optimistic model provides modified analytical
expressions for time distributions and optimal transmission

probabilities.



Phase 1: Results

* Final results for Py;..(K):
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Mission Critical Voice:
Quality of Experience and
Key Performance Indicators

)
PSCR




Disclaimer

Certain commercial entities, equipment, or materials may be
identified in this document in order to describe an experimental
procedure or concept adequately.

Such 1dentification 1s not intended to imply recommendation or
endorsement by the National Institute of Standards and
Technology, nor 1s 1t intended to imply that the entities,

materials, or equipment are necessarily the best available for
the purpose.

*Please note, all information and data presented 1s
preliminary/in-progress and subject to change.



AGENDA

* Quality of Experience (QoE)
* Existing LMR/LTE Key Performance Indicators (KPIs)
* New MCV QoE Federal Funding Opportunity (FFO)

* QoE KPIs for Mission Critical Voice (MCV)

* PSCR Projects on QoE KPIs




Quality of Experience (QoE)

» LMR/LTE Industry

* Ensure that Their Devices/Systems Function

* Primarily Concerned with Compliance
* Technology specific

* Performance Measurements are Quality of Service (QoS) Based

* Public Safety Users
 Need Their Devices to Work with Other Devices

* Primarily Concerned with Operational Success
* Not concerned with the technology itself

* Do Not Often Relate to QoS Metrics

)
PSCR



Quality of Experience (QoE)

* Public Safety/Industry
* Need Open Capabilities/Methods to Compare and Fairly Evaluate Technologies

* NIST

e Tasked with Measurement Science and Standards

* PSCR

* Customers are Public Safety Users
* Measurement Science and Standards for Public Safety Communications



Quality of Experience (QoE)

¢ QOE Deﬁnition | [ EVSNB 59 kbis

~@-—EVS NB 24.4 kb/s

 Quantity that Numerically Describes User O AMRNB 122 kb /
Experience o8 S HEGtkne o
* Consists of Other Measurable Quantities z
2006
* Could Be Both Objective and Subjective E
* Example 5
* Voice Quality/Intelligibility 4,
* POLQA Scores .
* How good does it sound? 0 1
« ABC-MRT Scores 30 25 20 -15 -0 -5 0 5 10 IS
* How well can it be understood? SNR (dB)
)
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Quality of Experience (QoE)

* PSCR Internal Focus rAm
* MCV (MCPTT, Direct Mode, Group
Communications)

* Measure Component Quantities (KPIs)

* Apply generically as possible to any technology

« Same test for systems with networks, direct mode, and
group communications

* System Level Measurements ry
* Heavily audio-based

e PSCR External Focus — New FFO

* Measure How KPIs Impact Public Safety Users’
Job Performance

)
PSCR
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Existing LMR/LTE KPIs

* QoS Based
* Compliance Based
* Technology Specific

* Depend on Complicated/Proprietary/Internal Measurements
* Example: PTT Access Time - Standards

 TTA Definition: Time Between Button Press and Traffic Channel Transmit

* 3GPP Definition: Time Between Button Press and Acknowledgement from
System (KPI 1/2)

* QoE Definition

* Time Between Button Press and Receirving User Hearing Transmitting User
(End-to-End Access Time)




QoE KPIs for MCV

* 2017 PSCR MCV Roundtable
* Basis for MCV KPI Development

* All User Experience Based
* Simple and Inexpensive (Where Possible)
* Distilled Down to Four Primary KPIs

)
PSCR



QoE KPIs for MCV

* Access/Retention Probability
* Ability to Establish Call
* Ability to Retain Call
* Coverage

* Mouth-to-Ear Latency
* Time it Takes Audio to Get from Transmitting User to Receiving User

 End-to-End Access Time

* Time Between Button Press and Receiving User Hearing Voice
* Access Delay + Mouth-to-Ear Latency

* Audio Quality/Intelligibility
* Public Safety Cares Most About Intelligibility



QoE KPIs for MCV

* Why Do All This?
* Understand How Existing LMR Systems Affect Users
* Apply to New/Different MCV Technologies
* Compare LMR to LTE



PSCR Projects on QoE KPIs

* Mouth-To-Ear (M2E) Latency Measurement Method

* Develop a method to measure & quantify M2E latency of any voice
communications system

* Method 1s based on audio in/audio out and 1s technology agnostic

* Very challenging to develop this measurement methodology
« Component to system level testing complexities with uncertainties

* First step in establishing QoE-based Key Performance Indicators (KPI)

)
PSCR



PSCR Projects on QoE KPIs

* 3GPP M2E Latency and Access Time

PTT Request

——— PTT Access time (KPI 1)
— PTT Request grant — PTT Release
v v
v
Transmittinguser | V¥ Talker Audio Capture
Receiving user Audio Playback

T\ Mouth-to-ear latency (KPI 3)

3GPP (2017) Mission Critical Push to Talk (MCPTT). 3rd Generation Partnership Project (3GPP),
Technical Specification (TS) 22.179. Version 16.0.0 URL:
rm,))) https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=623
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PSCR Projects on QoE KPIs

* TIA 102 P25 M2E Latency Measurement Method
* Transmitter Throughput Delay

STANDARD
DUMMY TRANSMITTER STANDARD
MICROPHONE || UNDER TEST [ TRA"L‘?)'X'JTER | RECEIVER
*Vemcal l
AUDIO
NOISE OSCILLOSCOPE
GENERATOR
* Receiver Throughput Delay
MODULATION RF SIGNAL RECEIVER AUDIO
SOURCE »| GenErRaTOR [ | UNDER TEST LOAD
Second Output
Vertical
Horizontal >OSCILLOSCOPE

rU‘b))) ANSI/TIA-102.CAAA-E-2016 TIA Standard Project 25 Digital C4FM/CQPSK Transceiver Measurement Methods
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PSCR Projects on QoE KPIs

Direct Mode

rmj ))) Talker Audio Capture
PSCR



PSCR Projects on QoE KPIs

Trunked Mode

<<\
==

X<
DA

rUb ))) Talker Audio Capture
PSCR



PSCR Projects on QoE KPIs

* Standards Definitions and Measurement Methods are QoS-Based
* TIA 102 does not actually define M2E latency
* 3GPP defines M2E latency but does not specify a measurement method

* NIST/PSCR establishes a method to measure and quantify M2E latency
* Addresses the end goal of the talker and listener

)
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PSCR Projects on QoE KPIs

* M2E Latency Measurement Method
* LMR Direct Mode (VHF/UHF)

* One Location - Lab
 Two Location - Lab & Field

* LMR Trunked Mode (VHF/UHF)

* One Location - Lab
 Two Location - Lab & Field

)
PSCR



PSCR Projects on QoE KPIs

* Behringer UMC 204HD Audio Interface

* Audio Interface Settings

* Sampling rate, buffer size, and USB Streaming Mode values chosen to prevent data over/under
runs and audio glitches

 Audio Interface Device Characterization

e Latency: 21.85 ms (+ 0.07 ms measurement uncertainty)
* Time offset between play and record

e ESE ES-185E GPS Master Clock Timecode Generators

* Provide synchronization for two location tests
* Output IRIG-B format signals

* MATLAB
* Audio System Toolbox

* Used to play and record audio samples and quantify latency
e Used to automatically key the PTT button via the microcontroller

)
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PSCR Projects on QoE KPIs

* One Location Test Setup Diagram

)
PSCR

Micro- Communications
- 4 controller - Channel
USB Cable PTT Button
RF Cable RF Cable

. Audio Cable ;| T Rx
Playback Device Device
Output 1

2
( TUSB Cable—® Audio Interface
AR
Laptop Running Input 1
MATLAB Audio System Toolbox
Audio Cable

Site 1 — TX/RX




PSCR Projects on QoE KPIs
* UHF Direct Mode One Location Setup (Over the Air)

)
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PSCR Projects on QoE KPIs
* Two Location Lab Test Setup Diagram

)
PSCR

Micro- Communications
———————¢ controller-
USB Cable PTT Button Channel
: |
RF Cable RF Cfble
° Audio Cabl Tx Rx
Playback Device Device
Output 1
USB Cable—¢ Audio Interface Audio Cable-¢ Audio Interface $—USB Cable
A A
Input 1 / \
Laptop Running Input 2 Input 2 Laptop Running
MATLAB Audio System Toolbox GPS GPS MATLAB Audio System Toolbox
Audio Cable Audio Cable
Time Code Time Code
Generator Generator

Site1 - TX

Site 2 - RX




PSCR Projects on QoE KPIs

 Two

)
PSCR

Location Field Test Setup Diagram

Micro-
—— ¢ controller -
USB Cable PTT Button
- Audio Cabl Tx
Playback Device
Output 1
/ TUSB Cable—e Audio Interface
A
Laptop Running Input 2
MATLAB Audio System Toolbox . GPS
Audio Cable
Time Code
Generator

Site1 —-TX

Communications

Channel

N

Rx
Device

!

|

Audio Cable-¢ Audio Interface  e—USB Cable
A
Input 1 \
Input 2
GPS Laptop Running
Audio Cable MATLAB Audio System Toolbox
Time Code
Generator

Site 2 - RX




PSCR Projects on QoE KPIs

* M2E Latency Measurement Results

_ Single Location Lab (ms) | Two Location Lab (ms) Two Location Field (ms)

Audio Device 21.85 £ 0.07 21.85 £ 0.07 21.85 £ 0.07
Characterization

UHF-Direct 201.4+0.4 201.2+0.3 201.8+0.4
UHF-Trunked 415.8+2.8 413.1+3.3 417.0+£2.9
VHF-Direct 201.7 £ 0.5 201.6+0.4 202.4+0.4
VHF-Trunked 403.9+1.8 403.3+2.8 405.3+1.2

7 km distance between TX and RX radios for two location field tests
* 23 us (microsecond) propagation delay (negligible)

* Untuned prototype MCPTT system - one location field measurements
* Not optimized for performance, tested to verify measurement method works on LTE

PSCR



PSCR Projects on QoE KPIs

* PSCR MCV QoE M2E Latency Measurement Methods
* Paper 1s available on the mobile app

* Demo at 1PM Friday

* Webpage

. http}sl:/éwww.nist. gov/ctl/pscr/mission-critical-voice-qoe-mouth-ear-latency-measurement-
methods

* Paper
* https://do1.org/10.6028/NIST.IR.8206

* MATLAB Code
* https://github.com/usnistgov/mouth2ear

e Test Data

* Delay Values: https://s3.amazonaws.com/nistmidas/1865/Delay Values.zip.sha256
* Processed Audio Files: https://s3.amazonaws.com/nist-midas/1865/Processed-Audio.zip.sha256
* Raw Data: https://s3.amazonaws.com/nist-midas/1865/Raw%20Data.zip.sha256

)
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PSCR Projects on QoE KPIs

e Access Time
e Trunked Mode/MCPTT

* Measurement Methods/Definitions
* TIA-102 P25 - Voice Access Time
* 3GPP Definition - PTT Access Time (KPI 1)
* NIST/PSCR Definition
* End-to-End Access Time
* Very challenging to develop this measurement methodology
* Component to system level testing complexities with uncertainties

)
PSCR



PSCR Projects on QoE KPIs

* End-to-end Access Time: Access Delay + M2E Latency

RF Propagation Delays

/

TX Device Network RX Device

Access  Access Access ]g}e:(\fice Iﬁ:ttgl%;k ]i:)\(fice
Delay Delay  Delay Latency Latency
Access Delay M2E Latency

—

End-to-End Access Time
)
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PSCR Projects on QoE KPIs

TIA 102 (P25) Access Time

=
TR

[><]

[T

PPPPPPPPPPPPP

)
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PSCR Projects on QoE KPIs

e TIA 102 P25 Access Time

A power detector and directional coupler are

used to measure the power coming from the
TX radio

TIA102 defines access time as the time
between the PTT signal and the last rising
edge of the power detector

Only works for P25 systems

The TX radio will transmit an Inbound
Signaling Packet (ISP) on the control channel
to request the channel

Once access 1s granted, the TX radio
transmits the encoded audio

)
PSCR
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PSCR Projects on QoE KPIs

3GPP Access Time

o~

S

PTT Button Pushed

)
PSC R PTT




PSCR Projects on QoE KPIs

* 3GPP Defined PTT User
Access Time (KPI 1)

* Measures the time between the PTT
signal and the signal (or beep) from the
TX radio

* Transportable to other technologies

)
PSCR
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| PSCR Projects on QoE KPIs

PSCR/NIST Access Time

in

PO

Y
X
i

PTT Button Pushed

My ))) PTT
PSCR




PSCR Projects on QoE KPIs

* NIST/PSCR Definition of Access Time

* Focuses on Access Delay

* Transportable to other Technologies

* More user centric (QoE) measurement than TIA-102 and 3GPP

)
PSCR



PSCR Projects on QoE KPIs

* Measurement Method based on
NIST/PSCR definition

* Audio in/audio out method

e Audio i1s started before PTT
button 1s activated

* Access delay 1s determined by
the first speech played back by
the receiver device

)
PSCR
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PSCR Projects on QoE KPIs

e Team

Jesse Frey
Jaden Pieper
Don Bradshaw

Steve Voran (ITS)
Tim Thompson
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Outline

J Introduction
= Motivation
" mmWave Communications

J mmWave Research platform
* Thrust 1: Dynamic Channel Sounding
= Thrust 2: Software Defined Radio
= Thrust 3: Channel Emulation
= Thrust 4: End-to-End Network Simulation

W TANDON SCHOOL
NYU | Bioasstoc:



4G LTE Public Safety

A GLOBAL INITIATIVE

Ao g MO

FirstNet

e’

E;/ atat

Local command
center

Compact
LTE solutions

High availability and resiliency

Central command center

e (e2]

From Nokia, “ViTrust - End-to-end solution for mission-critical mobile broadband”.

W TANDON SCHOOL
NYU | Bioasstoc:



)

G 56

A GLOBAL INITIATIVE

5G NR Public Safety

/%. AT&T CEO highlights FirstNet role as ‘foundation’ to
/ % \‘"'%{, ——— - carrier’s 5G plans
/ \ S éﬁb‘” ' L L Donny Jackson | Urgent Communications Feb 1, 2018
- T ey \ " . ,/"& . _""3‘,, S - _ http://urgentcomm.com/public-safety-broadbandfirstnet/att-ceo-
~N \ \""6 ‘:ﬁ'/'” highlights-firstnet-role-foundation-carrier-s-5g-plans
\ . / \ . _*‘46‘0/ &"'\e&\\o .
e ) ( ))) / \ N 7|\ AT&T says 6 GHz band key for FirstNet, 5G

by M Allev | Mar 21, 2018 8:54am
https://www.fiercewireless.com/wireless/at-t-says-6-ghz-band-key-for-firstnet-5g

I

backhaul node

[ below 6 GHz
traditional !
frequencies e
above 6 GHz J
towards the
temporary

1
1
event i mmWave band...
1
1

From E. Kalantari et al., “Backhaul-aware robust 3D drone placement in 5G+ wireless networks”.

W TANDON SCHOOL
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A Key 5G Enabler: the Millimeter Waves

J Vast untapped spectrum
o Up to 100x bandwidth than current allocations

3 GHz 57 64 164 200 300 GHz

54 GHz 99 GHz 99 GHz
/Y x 'y 'y
All cellular mobile Potential 252 GHz
S available bandwidth
60 GHz oxygen Water vapor (H,0)
absorption band absorption band

From Khan, Pi “Millimeter Wave Mobile Broadband: Unleashing 3-300 GHz spectrum”

W TANDON SCHOOL
NYU | Bioasstoc:



The Main Challenges

D Pathloss 0.705 inch

high isotropic loss

SOLUTION (and challenge) -

o MIMO beamforming, resulting in
directional transmissions dualcomms VIV S e crinolog

] Blockage

very sensitive waves

SOLUTION (and challenge)

o Beam-tracking/switching

W TANDON SCHOOL
NYU | Bioasstoc:



Initial NYU mmWave Measurements

Legend

3l T Traewitter Ste

ol Pk 4 Millimeter wave: It can work!

o First measurements in urban canyon environment
o Distances up to 200m

o Propagation via reflections

1 Proved feasibility of cellular systems
o Measurements made urban macro-cell type deployment
o Rooftops 2-5 stories to street-level

LA Rappaport, Theodore S., et al. "Millimeter wave mobile communications for 5G

7 Transmittor

© Signal Accired cellular: It will work!." IEEE access 1 (2013): 335-349.
A Signal Detected

% resomomeea| Winner of Donald Fink award: Best paper across all IEEE

TANDON SCHOOL

OF ENGINEERING




Industrial Affiliates

at&t Cablelabs (/: CASTLE ’ g»é INTERDIGITAL

ERICSSON HUAWEI

(((

KEYSIGHT WML NOKIA ©OPIPPO QUAKOMA  BFSIBEAM

TECHNOLOGIES INSTRUMENTS

SONY  Sprint m verizon’

W TANDON SCHOOL
NYU | Zrsesscioe:



An end-to-end research platform for
Public Safety Communications over mmWave

L Measure dynamic directional channels in

R -
PUbliC Safety (PS) scéna r‘ios_ ',j;_ / End-to-End Network Simulation \ 01

: i s
O Prototyping new ultra-low latency MAC and A o N A—

synchronization algorithms likely to be used in MEASUREMENTS MAPPING

the PS links. / \

) . . Channel Sounding f~— (S:;:Jlﬁli‘lxﬁzz}éb =% Channel Emulation
U Provide the first scalable real-time A\ Pad
emulation of complex mmWave channels in HW/SW LINK LAYER

COMMONALITIES TESTING

PS settings.

- Software Defined Radio /

[ Development and integration of PS specific
scenarios in end-to-end mmWave network
simulator.

W TANDON SCHOOL
NYU | Bioasstoc:



Austin Fire Department

[ The mission of the RED Team is to mitigate real-
world problems through the deployment of air,
ground, and maritime remotely operated resources

[ The vision of the RED Team is to enhance firefighter
safety and improve emergency response through the
use of emerging technologies such as robotics.

W TANDON SCHOOL
NYU | Bioasstoc:



Thrust 1: Dynamic Channel Sounding

W TANDON SCHOOL
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60 GHz Measurements

 Measurements performed at 60 GHz using a
custom channel sounder with phased arrays

o SiBeam Phased Array with 12 steerable antenna elements and
45 degree steerable range.

[ Rapid steering ability and wide bandwidth
o Scans over 144 TX/RX pointing angles repeated every 3 ms

° The phased array is mounted on steerable gimbal to simulate
orientation motion

O Primarily investigated human blockage

[ Collaboration with Sony

W TANDON SCHOOL
NYU | Bioasstoc:



Attenuation Due to Single Human Blocker

PARAFAC

1 Tensor decomposition technique to aid in
extracting blockage trajectories for each path

il

] Novel model for wireless channel
o Useful technique for modeling

Pointing Angle Combination

l
jiii

l’] k : I' lf .] € k£ Path 1 Blockage Trajectory . Path 2 Blockage Trajectory
=1 ° .
i c c
2 5 2 5
(] (]
£ £
g1 £-10
o 1 o} <}
/g\& g 82 % A5t g -15
sl s2 ?-20 » ?-20
+ g 2
> - = 251 = -25
< DC d1i d2 £ £
a o 307 a -30
-35 -35
— 0 1.5 3 4.5 0 15 3 45
Pointing Angle Time (s) Time (s)

W TANDON SCHOOL
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Next Steps

 New measurement campaigns planned
o Ceiling mounted AP

° Large, open venue
o 3+ nodes, relaying

J New hardware

o Additional later generation phased array hardware
donated by NI

[ Can implement data link to implement proof-of-
concept system instead of measurement system

W TANDON SCHOOL
NYU | Bioasstoc:



Thrust 2: Software Defined Radio

W TANDON SCHOOL
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Limitations of Current System

O Limitations / issues in current 60 GHz systems R~ Vector 1 RX Vector 2

RX Vector 3 RX Vector 4
. T ) ’ /A\/\.d/w \\ ’ ) SN T ’ o/ 7N
> SiBeam phased arrays appear to have poor 810 et S o Sl @l N Y oYy
antenna patterns 2 22 2 '” 2 !
o Limited directional gain e e wm Y w0 wm Y e o w Y e v w
Azimuth Azimuth Azimuth Azimuth
. RX Vector 5 RX Vector 6 RX Vector 7 RX Vector 8
o Desired system at 28 GHz B A~ N T R B ae vy
8 10y, iy 8ol | Guaop ™ "N 8o/ Y W
. .- . .. s |0 5 5 5 |V
U Significant delay in receiving OFDM NR code g g0 g =0 g |
-30 30 -30 -30 |
> Azircr)'luth ”? > Azir[r)'luth ” > Azi:wth ? * Azi:mth ?
0 RX Vector 9 0 RX Vector 10 0 RX Vector 11 0 RX Vector 12
B ‘Jf“ww*\\ a N ,// \\”M a W/Nf\\ P e (/”‘“\V,ﬂ\_‘/ ~
U Considering developing alternate system o™ e Y & e
5 -20 l % -20 % -20 . qé -20
J Leverage other SDR developments

-50 0 50 -50 0 50 -50 0 50 -50 0 50
Azimuth Azimuth Azimuth Azimuth

o Platforms for Advanced Wireless Research

W TANDON SCHOOL
NYU | paassioo:




Platforms for Advanced Wireless (PAWR)

 NYU, Columbia and Rutgers to lead testbed ? - @ﬂ,; %
o Rutgers overall lead. NYU leads mmWave e T mmﬁig - '

w I F .20 g0
o mm
- =

BANSY T
by =
< - :P." g E

T A

(J One of two awarded in US
> $10 million funding per testbed

L

53

BA, =

1 20 block testbed in Upper Manhattan

B~ ¢ reihe —
Tl P e e o LB

(1 Showcases several advanced technologies
o Cloud RAN, NFV, MmWave, Massive MIMO
o Applications include VR/AR and autonomous driving

o Can be used to test first responder scenarios

(J Seeks strong industry collaboration.
o Provide testbed for developing new wireless technologies and applications

W TANDON SCHOOL
NYU | Bioasstoc:



PAWR 28 GHz IBM Phased Array System

Module features:

* 64-dual polarized
antennas and 4 ICs each
with 32 TRX elements
128 TRX elements in total
8 independent 16-
element beamformers,
each supporting 1
polarization of 16 ant.

RF true time delay based
architecture

28GHz RF, 5GHz ext. LO,
3GHz input/output IF
54dBm saturated EIRP on
each polarization

Exarripl outdoor link experiment at IBM

 Plan to migrate development to PAWR system
o Leverage 28 GHz IBM/Ericsson phased array

(1 Baseband will be co-developed

( Consider various options for FPGA

1.4°/step beam steering

W TANDON SCHOOL
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Next Steps

[ Finalize architecture choice for 28 GHz SDR system
o |BM phased array has already been selected for 28 GHz

o Currently evaluating Sivers 60 GHz module
o Currently in discussion with vendors and other SDR teams on FPGA platform

(1 Begin development of 5G NR code
o Cannot be done by single university

o In discussion with Open Air Interface to use their stack (designed for sub 6 GHz)
o Will need to port to higher bandwidths and latest FPGA platforms

W TANDON SCHOOL
NYU | Bioasstoc:



Thrust 3: Channel Emulation

W TANDON SCHOOL
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Background: The need for Emulation

9
Over-the-air: x > y
+ Realistic scenarios Transmitter Receiver
. . : Device Under Test '$ Device Under Test
- Time consuming and expensive (TX DUT) 3 (RX DUT)
- Labor intensive I
- Non-repr ibl
on-reproducible TRADITIONAL
EMULATOR
Channel Emulator: x - y
+ No need to leave the lab Transmitter ' . Receiver
. Device Under Test Emulation ——+ Device Under Test
+ Easy to replicate and reproduce FIR Filters
_ (TX DUT) ——3  (RXDUT)
+ Standard channel models (i.e. 3GPP, ...)
+ Worst-case scenario testing Channel
Generator

Emulators are a critical tool in the design and test of wireless systems.
They are therefore a staple of any lab bench.

W TANDON SCHOOL
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Challenges with Emulation for mmWave 5G

5G mmWave Mobile Broadband

o Large number of antenna elements (N=10x)
o Massive bandwidth (B=10-100x)
o Fast beam-steering

Emulation Challenges

i TRADITIONAL
- Prohibitive number of cables (large N
_ (large N) EMULATOR
- Emulator does x — y, where signals x and y are RF
- Connecting a phased array to cables is itself impossible! . .
- Emulator becomes very expensive to build (large N) Transmitter Emulation Receiver
y €Xp g Device Under Test

. ber of RF up/d Device UnderTest $—— oo ciiars
arge number o Up/ own-converters (TX DUT) (RX DUT)

- Large number of DAC/ADCs
- Data marshalling (movement) becomes hard to do

- Computational infeasibility (large N,B) Channel
Generator

- Massive number of FPGAs will be needed

The existing emulation paradigm is unsuitable for 5G mmWave mobile broadband.
A new emulation paradigm is needed!

W TANDON SCHOOL
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NYU Emulator: A New Paradigm

TRADITIONAL
TX DUT EMULATOR 7 RX DUT
“ 7
Transmitter Multi-Antenna b 4 Emulation i 4 Multi-Antenna Receiver
Processor wﬁ) Front-End FIR Filters Front-End <wu Processor
Channel
Generator
MILLILABS EMULATOR
: 7% : : 2 .
Transmitter Multi-Antenna . Multi-Antenna 7/ Receiver
Emulation
Processor w Front-End FIR Filters Front-End - Processor
(TXDUT)  f------ ‘-"5--> (Emulated) (Emulated) SRR ... (RX DUT)

Channel Generator and

Tap Calculator

There is a reason why 5G mmWave Emulators aren’t available today.
The NYU Emulator is specially designed for large N and B.

TANDON SCHOOL
OF ENGINEERING

BF is done on the DUTs
e ™Xiu—->x
e RXiy—-2z

Basic operation: x = y
e x,yareN-ary
* Xx,yareinRF

Basic operation: u — z

* u,zarem-ary, wherem <K N

* U,z can be baseband, IF, or RF
BF is done on the Emulator

e \Very efficient implementations
Highly modular and adaptable
architecture

NYU



NYU Emulator: Key Features and Specs

MILLILABS EMULATOR

Transmitter & Multi-Antenna . Multi-Antenna 2 Receiver
Emulation
Processor w Front-End FIR Filters Front-End w Processor
(TXDUT) |- %3 | (Emulated) (Emulated) | k--—--#-—-|  (RX DUT)
Channel Generator and
Tap Calculator
* Implementation on OTS components *  Number of antennas, N * Channel Models and Features
* NlI's PXle Software-defined radio platform * Upto1024 * 3GPP, Channel sounding, ray-tracing, ...
*  PXle chassis, FPGAs, DAC/ADCs, IF * Linear/rectangular arrays *  Multipath, doppler, mobility, blockage, ...
modules, mmWave heads, ... * Easy (and cheap) upgrade path to N=1024 + Beamforming Architectures
* Datasignalsu and z * Custom array topologies upon request * Analog beamforming
* Analog/digital baseband *  Front-end Modeling * Upgrade path to hybrid beamforming
* Easy upgrade path to IF/RF * Steering errors/noise * TX/RX Reference Implementations
* Control signals w;, and w;., * Phase noise, frequency offset modeling * Available upon request
* Serial, generic DIO * Bandwidth: > 2GHz * TX/RX can operate in the same chassis

*  Custom interfaces upon request

The NYU Emulator is highly modular, flexible, and customizable.

TANDON SCHOOL
OF ENGINEERING
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NYU Emulator: Summary

Feature Traditional Emulators NYU Emulator
Millimeter Wave Support No Yes
Computational Complexity Prohibitively High Efficient
Hardware Cost Expensive Low-cost
Reusable Hardware No Yes
Channel Emulation Yes Yes
RF Front-end Emulation No Yes

Bandwidth Supported

Less than 200 MHz

More than 2 GHz

W TANDON SCHOOL
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Next steps

J Implementation of the new peer-to-peer public safety channel models.

 Interface with the SDR platform for the synchronization and control design.
This may include emulation of fully digital transceivers.

J Addition of interference sources and multiple synchronization signals.

W TANDON SCHOOL
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Thrust 4: End-to-End Network Simulation

W TANDON SCHOOL
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DEPARTMENT OF
INFORMATION

End-to-end mmWave Network Simulator feneee

U@

3 Open source B £ & A 0
— R Y | S —— U
1 3GPP channel models / scenarios mmW PHY/MAC Application SppRcAin
TCP/UDP TCP/UDP
. . . . . custom 5G P P : IP
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U Coexistence with other radio technologies (e.g., IEEE 802.11, LTE)

O Dual connectivity, carrier aggregation, IAB, etc.

TANDON SCHOOL
OF ENGINEERING

NYU



Measured channel dynamics

U C. Sleizak, M. Zhang, M. Mezzavilla, S. Rangan, Understanding End-to-End Effects of Channel Dynamics in
Millimeter Wave Cellular, |IEEE SPAWC 18

 Phased-array indoor measurements integrated in ns-3

U End-to-end network performance evaluation with different beamforming architectures
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ns-3 profiling
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Simulation scalability

( M. Polese, M. Zorzi, Impact of Channel Models on the End-to-End Performance of mmWave
Cellular Networks, IEEE SPAWC’18.

104 10%

O NYU is working on a new statistical model
to abstract the behavior of 3GPP channels
[TR 38.900]

( NSF-RCN effort led by NYU and UW
(CSP/NET interface for mmWave — with
particular focus on link abstraction)
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Use case: wildfire

\

(J Rapid response and coordination need
real-time data

[ Fixed infrastructure is not available

-
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( UAV can be deployed with mmWave
links for high quality video streaming and
aerial multi-hop
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Use case: wildfire

1 End-to-end performance evaluation with network simulator ns-3
o 3GPP-inspired protocol stack, channel models, beam tracking
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Next steps

 Integration of flight-traces from disaster response
missions (collaboration with Dronesense)

L Vehicular mmWave

 Relaying/Multi-hop (fixed or mobile — drones/cars)

POCP PDCP '!
3
RLC RLC 1!

MAC MAC 1 '
PHY PHY ! >
SCHED 1
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