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Orbit Project Rationale

* Wireless testbeds motivated by:
— cost & time needed to develop experimental prototypes
— need for reproducible protocol evaluations
— large-scale system studies (..emergent behavior)
— growing importance of cross-layer protocol studies
— creation of communities for wireless network research

* ORBIT: open-access multi-user facility for experimental
wireless networking research primarily in unlicensed
bands

— ~24/7 service facility with remote access

— open interfaces for flexible layer 2,3 & cross-layer protocols
— extensive measurements at PHY, MAC and Net layers

— support for wide range of radio system scenarios
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ORBIT: Open Access Research Testbed for Next-Generation
Wireless Networks

* Proposal: Build radio grid emulator (phase I) and
field trial network (phase II)

* Emulator used for detailed protocol evaluations in
reproducible complex radio environments

* Field trial network for further real-world
evaluation & avolication trials
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ORBIT Radio Node

Vet'sion 0: COTS:

4 «Proof of concept Intel/Atheros | Intel/Atheros
/ ePrototyping platform miniPCl miniPCI
1 Ghz 802.11 802.11
Version 2: Custom ! a/b/g a/b/g
RAM VIA
eFunctional requirements C3 1Ghz PCI Gigabit
eManageability 1 Ethernet
ePower consumption 20 GB (control)
Cost DISK Gigabit
Ethernet
Other attached  221Mhe (data)
devices: 110 Senal
VAC Power Console
eBluetooth ' Sl
pply pwr/reset
. volt/temp
e/ZigBee
*GNU Radio \_ 1oV standby — > RJ11 NodeldBox /
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ORBIT Radio Node Photo Album

OREBI] WINLAS

ORBIT Radio Node
with integrated Chassis Manager

Non-Grid Node
Chassis Manager
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Wireless Devices

802.11a/b/g 802.11 n/AC

Model : AG-621
MAC:0060B3-AC2C89

AGB2148NU00380

. 3 Fc Tested to Comply
H with FUC Standards

‘. FCC ID: PDIWM3B2915ABG  IC: 1000M —3B2915

E]
Intel ® PRO/Wireless 2915ABG Network Connection
Serial No: 86AB7B424ABC51962017
PBA: C51962 017
'g. Date: 10/13/04
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OMF - Experimenter View
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OML — Measurement Collection

Experiment Node Experiment Node Experiment Node
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Sandboxes: SB4 & SB9
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Cognitive Radio Platforms

Transmit Channel
RF Interface

L v
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Cognitive Experiments at Scale (2008)

ORBIT radio grid testbed currently supports ~22/USRP and
USRP2 (GNU) radios, 100 low-cost spectrum sensors, WARP
and WinC2R platforms

Plan to reach ~64 cognitive radio nodes (Q2 2009)

Suburban ORBIT Radio Grid /

T\
LA
f 20 meters K

500 meters
=1

400-node Radio Grid Facility at WINLAB Tech Center
30 meters 300 meters

. . Programmable /

Radio Mapping Concept for ORBIT Emulator ORBIT radio node

URSP
CR board




ORBIT Radio Node (Version 4)




New SDR Devices:

U Xilinx Spartan-6 FPGA

1 Dual channel AD9361
RFIC transceiver (70
MHz - 6 GHz with 56
MHz baseband)

1 USB 3.0 connectivity

USRP B210 / USRP X310

Xilinx Kintex-7 FPGA
(XC7K410T)

2 x 10 Gigabit Ethernet

1 x SBX RF Daughterboard
(400-4400 MHz Rx/Tx with
120 MHz baseband)

1 x CBX RF Daughterboard
(1200-6000 MHz Rx/Tx with
120 MHz baseband)




PRONTO 3780
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orbit-lab.org
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ORBIT: Field Trial Plan (Phase Il)
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ORBIT Outdoor Infrastructure
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WiMax BS Platforms

NEC
Profile A

Airspan
Profile C

Access mode

SOFDMA/TDD

Frequency 2535 — 2605 MHz
DL:UL ratio 35:12, 26:21, 29:18
Channel BW 10 MHz , 8.75 MHz
PHY FFT size 1024, 512
Frame duration 5ms
TX output 35dBm/40dBm (max)
Power
# of sectors 3
Head PHS
compression
ARQ HARQ/CC, ARQ
MAC MBS support Single BS, multiple BS-
MBS
Resource Power control, mode
management control (idle, sleep etc.)

IP protocols

Bridging/Routi
ng

Networking

Packet handling

1Pv4, IPv6

Transparent L2 switch,
Bridging

802.1Q VLAN, PHS*¥*)
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Mobile Platforms

Intel 5150/5350
mini-PCI express card for
laptops with Linux driver

ORBIT Node

Download Completion (%) S ——"

@+ Q. & NSEAN

HTC EVO 4G
Android based
portable platform




Scale: Integrated ORBIT — PlanetLab Experiments

defNodes (* AccessPoint’, [11,20]) Clients
{ Inode| 3 3

node .prototype ("test:proto:mvlcrelay",

{duration’ => prop.duration}) e 1
#802.11 Master Mode e
node.net .w0.mode = "master" w[y Exr-2
node.net .w0.type=’'a’ '
node.net .w0.channel="48" F:
node.net .wl.essid = "linkl" ~
node.net.w0.ip="192.168.7.1" Exp. 3

}

- CLIENT-————————————— B

defNodes (' Client’, [19,2]) 4

{ Inode|

node .prototype ("test:proto:mvlcdest",
{duration’ => prop.duration})
node.net.w0.mode = "managed"
#802.11 Managed Mode
node.net .w0.type=’'a’
node.net .w0.channel="48"
node.net.wl.essid = "linkl"
node.net .w0.ip="192.168.7.7"

Video Bit Rate (Mbisac)
ka2

== Source Bit-rate
[| === PlanetLak Princeton
} — PlanetLak Washngion

0.5 | —m—PL Washington (loaded)
== PlanetLab Japan

a 20 40 &0 80 100 120
Experiment duration |{Secs)

P —— PlanetLAB nodes————————- #
defPNodes (' [21, 3, [21,5]") a

Streaming Video Performance
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Install the software | want throughout my network slice
(into firewalls, routers, clouds, ...)

And keep my slice isolated from your slice,
so we don’t interfere with each other

We can run many different “future internets” in parallel

ORBIT Courtesy: Chip Eliot, GENI GPO



Enabling “at scale” experiments

 How can we afford / build GENI at sufficient scale?

— Clearly infeasible to build research testbed “as big as the Internet”

— Therefore we are “GENI-enabling” testbeds, commercial equipment, campuses, regional and
backbone networks

— Students are early adopters / participants in at-scale experiments

— Key strategy for building an at-scale suite of infrastructure

P, Yy B9
T §

K NEC WiMAX Base Station/

ENI-enabled GENI-enabled campuses, “At scale” GENI prototype

equipment students as early adopters VVI N LAB !

I Courtesy: Chip Eliot, GENI GPO
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Regional nets
Existing
|| New

GENI WiMAX
/\ Existing
A New

GENI Racks
{(proposed sites)

® New

O Existing
clusters/racks

Internet2 & NLR

s

GENI’s Footprint




“Opening” of WIiMAX & LTE

(ol ool || ethol etn0 ) WiMAX
Y r . « Exposed all controllable parameters through
Traffic Scheduler/Shaper API
( * Removed all default IP routing, simplified ASN
controller*
* All switching purely based on MAC addresses
© RF Aggregate * Implemented the datapath virtualization and
> 7 Manager VNTS shaping mechanism in click/openvswitch
OpenVSwitch for slice isolation
A x eth1
t ;
control data s ™

LTE RF/ePC Aggregate Manager < %

« Exposed all controllable =
parameters through the same x o g ]
REST based API 2 s

* Implemented the datapath with @
openvswitch % 12

* Current development: ePC >~
replacement with open source (i.e. - (IP)
simplification/elimination of LTE « 3
control protocols) ”




GENI Wireless Deployment

« 26 WiMAX and LTE BS on 14 campuses
* SDN (Click and OVS based) datapath/backbone
* 10 mini-ORBIT deployments some with SDRs

Kettering
U Michigan Wayne State UMass
U Wisconsin
Madison
Rutgers
U Colorado
Boulder
Stanford
NYU
Utah
Drexel Columbia
UCLA Temple

Clemson
- -
"';"\.’




LTE eNodeB Platforms

Amarisoft

Ip.access (USRP) Airspan

-

=- o 8
Rel 10
Rel 8.9 Rel 12 Rel 8.6 Ttk
FDD FDD/TDD FDD/TDD TDD/(FDD)
10MHz 20 MHz 10 MHz 20 MHz
2 %10 dBm 10 dBm 10 dBm 2 x 37 dBm
(2x10 dBm) (4 x30 dBm) (2 x40 dBm)
13 Mbps BW limited 20 Mbps 300 Mbps

hél lezadle 02 BW limited 5 (25) >100 (256)
WINLAB =
. |



4G (WiMax/LTE): Larger Picture

R A Datapah Complex A 4
L @R R . R
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VN VN
£ D @ D
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. i T




FIA: MobilityFirst Architecture Summary

Named devices, content ¢  Strong authentication, privacy

Global Name
Publle Koy Based Resolution Service
Global Identifier (GUID)
Routers with Integrated ', Service APl with
Heterogeneous Storage & Computing unicast, mult-homing,
Wireless Access ¥ mcast, anycast, content

End-Point mobility
with multi-homing .

3 p

In-network
s«»»*  content cache

Wi s
> e

Qggg gunt®

T' Storage-aware - !
\\n.,.." Intra-domain Edge-aware Hop-by-hop
— s, fouting Inter-domain file transpo

t..

Mobffffnyrsf Protocol Design Goals: e n,l@!;
108+ mobile/wireless devices \ ~

- Mobiilty as a basic service 1

- BWyariation & disconnection tolerance “»

- Ad-hoc edge networks & network mobility

= Multihoming, multipath, multicast .

. Cani'enf& canfexfrewerasemoss Network Mobility &
sasmeanssitust andprivacymodel  Disconnected Mode

routing

J Connectionless Packet Switched

Network with hybrid name/address
routing

Ad-hoc p2p mode



MobilityFirst Architecture Evaluation Characteristics
and Requirements

* Mobile nature generates particular requirements for
experimentation scenarios.

 Named oriented architecture requires coexistence of multiple
routing paradigms at ones.

High levels of Strict S ot Flexible service
mobility performance upp.otr. or support and
: coexistin
Expected requirements sting deployment
. multiple
Scenarios for name : .
Device resolution routing Reliance on
heterogeneity | service algorithms software
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Architecture Evaluation Timeline

Comprehen-sive Evaluation
' . hCorle _ Components Sma_II Scale p
Design echnologies Integrations Architecture
Evaluation

Evaluation

Evaluation timeline

High GENI Large-Scale
Deployment  |--------- Federated
w/ end-users Deployment
GE_NI Emulator
g Experiment e .
= (ORBIT, Emulab) Time
o Relationship
g NS-3 — 3
Simulator
Proof-of-Concept Large-Scale
Prototype Numerical Simulation )
A A A a >
10 100 1000 10000

Scale (# Nodes)




MobilityFirst on GENI: Selected Experiments

GENI has been an integral part of MF evaluation methodology since the

project started in 2010 ....

N

Content Content
Publisher Ilm Subscriber
GUID=5 WIFi AP
WiFi AP . H
‘ GUID=1 Bridge GUID=6 -
)’ GUID & 51D GUIDs2 GUID=7
e GUID=4 *\ GUID=201
= °
GuiD=101 / V e
WIMAX 8TS.
WIMAX BTS
BBN Wireless Edge ProtoGENI Backbone Rutgers Wireless Edge

NLR path using VLANs 3716, 3799 (Clemson)
s====== |2 path using VLANs 3715, 3745(BBN), 3798 (Clemson)
% ProtoGENI host running MF Router, GNRS Server

Content Delivery Scenario - GEC-12

Mobile, Multi-homed device (WiMAX + WiFi)

pg33@GeorgiaTech

pcl@BBN %

1 pg51@Rutgers
pcl1@BBN

N Mesoscle
MobilityFirst Router Futgers Wieles Edge ' WIFi coverage
hosted on Protogeni
node I

WIMAX coverage

Mobility with Dual-Homing - GEC-13 /A2 0

pevm3-6. Vpcvma-s‘
instageni.wisc. instageni.wisc. »

0 isconsin e
GUID: 537177 5 547849 [ A

GENI rack instageni.gpolab.

bbn.com
pevm3-1.utah.

geniracks.net
GUID: 628113

GENI Internet2
Core

rack
GENI . ;
Edgé M1 outdoor pevm3-21.
e orbil-lab.org genirack.nyu.
BUID: 603148 : y
k \ ‘ ) g
‘WiMAX e e B
; _ \ N | -
{BTS i . iy :
1 @) Do penery. e ouidoon
Y ; ., outdoor.ombit- B ot iatsorg E
ft : " leb.org GUID: 105354 g
\ mas. 7 BUID: 179154 5
a0de1- nogdT-g. ‘r:?;:rl:r:.du 5
outdoor orbitYy outdoor.orbit- . S
.. laberg lab.org Bulb 8?9301 GENI
- .GUID: 877673 \GUID: 886279 .+
RO Edge
>\ Multi-Site Mobility

Service Deployment - GEC-19

LowRes

Lataney (me)

Media transcoding
via MF compute layer

0 K0 1000 1500 200 290 3000
Orginal segnantsiza (<6)

wiNLAB S
Video Delivery with In-Network Transcoding- GEC-21
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Current Service Deployment in GENI

©/® GENI sites

% Long term MF £ HE 3"
—J sites e e

U i -,
L
e
-

=3

Wimax access

;Z;

Wifi access

User controlled
devices

L T

* Internet2 (1/10 Gbit) backbone

* Long running MobilityFirst slice of computing/routing resources on the GENI
infrastructure: 7 different sites, 2 physical machines and 14 virtual machines, 3 sites

WiMax enabled, 1 site LTE/WiFi.

* Used to evaluate network and system services deployed under real world like conditions.
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Related Collaboration Projects

OAI

(5G software alliance for
democratising wireless
innovation)

OPEN AIR

—— INTERFACE

FLEX

(FIRE LTE testbeds for open
EXperimentation)

)
FLEx

HAL LTL LR TELL 5 FO Rl Rl TR

CREW

(Cognitive Radio
Experimentation World)

_=) b))

)
\J\:W;ﬂ})
CREW &

WiSHFUL

(Wireless Software and
Hardware platforms for
Flexible and Unified radio and
network controL)

WiSHFWL

JUNO

(Virtual Mobile Cloud Network
for Realizing Scalable, Real-
Time Cyber Physical Systems)

New-Generation Network

METIS-II

(Mobile and wireless
communications Enablers for
the Twenty-twenty
Information Society)
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Usage Statistics

* ORBIT has 1300+ registered users in 400+ groups who

Total Annual ORBIT Reservations
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20000.0
10000.0
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Support For Basestation Architecture Evolution

Cloud Radio Access
Current Network (CRAN)

Traditional Design q @
. @
Design (@)

L

- o
q

3

FRONTHAUL
Remote
Radio «  Common Public Radio
Interface (CPRI)

Amplifie] Head

(RRH) + Open Base Station

Architecture Initiative | ™
(OBSAI)

* Open Radio Equipment
Interface (ETSI-ORI)

Baseband
Unit
(BBU)

BACKHAUL

S11,R4,R6
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ORBIT Extension: Massive-MIMO

40 USRP X310s
— Available FPGA resources:

DSP48 Blocks 58K
Block Rams (18 kB) 14K
Logic Cells 7.2M
Slices (LUTS) 1.5M

— RF2xUBX-160 (10 MHz - 6 GHz RF, 160 MHz
BB BW)

— 2 x10G Ethernet for fronthaul /interconnect

— Four corner movable mini-racks (4 x 20 x 20 -
1x80x80)

« > 500+ GPP Cores/CloudLab Rack
Number of GPU platforms

HZX4OG SDN aggregation switch .“
)
ORBII




“Missing Link”:
Outdoor Deployable SDR Wireless Units

Modest power amplifier RF “Firewall”

Wideband
Antenna

777777777

Local processing

(Open Programmable)
COTS BS/AP




www.orbit-lab.org

wimax.orbit-lab.org
www.genl.net

wiser.orbit-lab.org

www.winlab.rutgers.edu



