SEVENTH FRAMEWORK
PROGRAMME

IP CREW

Cognitive Radio Experimentation World

The LTE Advanced Testbed in Dresden

Nicola Michailow
Technische Universitat Dresden
2nd FIRE Open Calls Information Day, 14 September 2011, Brussels

@ ibbt glrjec Xctvr N G@uestt  THALES EADS

The research leading to these results has received funding from the European Union's Seventh Framework Programme (FP7/2007-2013)
under grant agreement n® 258301 (CREW project).



B, Outline _7

RRRRRRRRR

1. Motivation
2. Available Hardware

1. Indoor
2. Outdoor
3. Other
3. Testbed Operation
1. Setup
2. Usage

4. Additional Information
1. Performance Parameters
2. Deviations from LTE Standard

5. Envisioned Usage in CREW
1. Detection
2. Transmission
3. Detection and Transmission




Motivation for an LTE-Advanced Testbed
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Requirements, Metrics Advanced Concepts
e Latency * CoMP
« Fairness * Relaying
« Spectral Efficiency « Advanced MIMO
. .. * Antenna concepts
» Scheduling

Key Questions:

Do concepts work?

1

Simulations How often do they yield which Field Test Measureme

gain?

What is the price?

Which steps in standardization
need to be taken?
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m Signal Processing Hardware by Signalion
e eNB - Sorbas602 eNodeB Simulator
e UE —Sorbas202 Test UE

e Sorbas472 Radio Unit
— EUTRAN band VIl (2.6 GHz)
— 20MHz bandwidth
— Supports 2 Tx and 2 Rx channels

e Dimensions: 19” rack, 7 HU

m Other

e Batteries
— 6; each can supply an UE for around 2-4 hours
Antennas

— For UEs and indoor eNBs = omnidirectional Kathrein 800 10431

— For outdoor eNBs = sectorized Kathrein 800 10551
GPS receiver

— For time synchronization of eNBs

— For position tracking of UEs
Various coaxial cables, attenuators, splitters
Measurement equipment

— R&S FSH4
— R&S FSQ8
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Available Hardware: Indoor
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Flexible setup: Tx and Rx antennas can be moved within the lab room

=  Tx power: ~15dBm
= 5 eNBs stationary on the desks
= 4 stationary UEs, 2 on studio racks, 2 on carts




Available Hardware: Outdoor
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Realistic setup: Two sectors on roof of our institute's building; UEs can roam
around indoor and outdoor

= Tx power: ~30dBm
= 2 eNBson the roof
= 3 UEs on studio racks / rickshaws

iding
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Microwave radio link
LAN network connection




Testbed Setup

eNB control
. Computer
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Meinberg GPS unit

eNB #1 Remote Desktop Session

TES 100W
(o) amplifier (*)

VRN ()

TES 100W
amplifier (*)

Internet

router ()

Digital Frontend

Sorbas eNB
eNB#2
UE control
computer
R
Navilock
eNB #3

GPS mouse (*)

Digital Frontend
Sorbas TestUE

Rhode&Schwarz post processing
FSQ (**) computer (**) Rhoded&

Schwarz Hardware marked with a (*) is available in the outdoor testbed only.
FSH4 Hardware marked with a (**) is available in the indoor testbed only. 6



Testbed Usage
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facility description
CREW
portal

[custom]

dumps

storage control compute

VPN

remote access

[custom] Internet

eNB
control computer

dumps
storage

common CREW
[custom] storage

post processing
computer

BTGl custom configuration by experimenter is
possible, default options exist



o, Performance Evaluation N4

m Real-time - directly from receiver
e Received Signal Strength Indicator (RSSI)
e Reference Signal Receive Power (RSRP)

e Path loss
e Channel Quality Indicator (derived from SINR)

m Non-real-time - signal dump and offline MATLAB post
processing of baseband-1/Q data

e QAM constellations
e Block error rate (BLER)
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m Testbed supports most of LTE Rel. 8

m However:

e DL frame structure and control channels slightly different

— PDCCH is always on 2. OFDM-symbol (variable position according to
Rel. 8)

— PHICH (HARQ indicator channel) is not in the first OFDM symbol and
has a different structure / content

— PCFICH (control format indicator channel) not supported
— PBCH not supported

e UL scheme is OFDM instead of SC-FDMA

— other deviations
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m Setup 1: White Space Detection

e Validate spectrum sensing algorithms for LTE signals in a
realistic environment

m Setup 2: White Space Transmission

e Measure impact of secondary system transmission schemes on
the performance of the primary system

m Setup 3: Detection and Transmission

e Closed loop: Primary transmission = Spectrum sensing =2
Secondary transmission



White Space Detection
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reference
signal dump
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spectrum sesning
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predefined transmission patterns
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res3
res2
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White Space Transmission

predefined transmission patterns

f f f f

res3 res3

res2 res2
S resl $ t t t

based on primary Tx pattern

CLRE

transmit in white spaces
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Detection and Transmission
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Thank you!
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Testbed UL and DL Chain
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Dump Rx
signals

DFT
(optional)

Send svne
PDCCH y

Decode
PDCCH and
UL grant

Channel
Estimation
Output of

CQl info
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: | Control Computer
Debug Config
. information data
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R | Channel eNB
estimation \ 4
R Real-time
o Dec(::osdll?r? O | modulation
R SUEEL and coding
R A VA
R Real-time
. o Sync linear
Lo o | A precoding
' Air interface ; |
i : Air interface i
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. Chain signals estimation
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