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D1.3 outline
› D1.3: Description of the test-bed specification and final test-bed
results of the implemented technology components in WP1/T1.3
› Structure
- Sec1: Introduction (objective and structure of the document)

- Sec2: Test-bed related to direct network controlled D2D with IC
- Component description, test-bed implementation and summary of results

- Sec3: Test-bed related to D2D with mode selection
- Component description, test-bed implementation and summary of results

- Sec4: Test-bed related to D2D with HetNet

Related to deviceto-device (D2D)
communications

- Component description, test-bed implementation and summary of results

- Sec5: Test-bed related to multi-user detection based on compressed sensing for
massive machine communications
- Component description, test-bed implementation and summary of results

- Sec6: Test-bed related to FBMC/OQAM waveform
- Component description, test-bed implementation (context of vehicular
communications and context of massive machine communications) and summary
of results

- Sec7: Conclusion and perspectives
- Sec8: References
-

Annex A – Description of the test-bed platform for network level demonstrations
Annex B – Description of the test-bed platform for digital baseband demonstrations
Annex C – Description of the development flow related to the digital baseband platform
Annex D – Description of the proposed low-complexity architecture for FBMC/OQAM transmitter

›
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Related to massive
machine
communications (MMC)
Related to waveform
design (context of
Vehicular Comm. &
MMC)

Objectives and context of activities
› Objectives of the test-bed activities conducted in WP1/T1.3
- Demonstrate key technology components of the METIS 5G system concept using
hardware platforms and to show-case the system concept
- Evaluate aspects that are hard to verify through software simulations, such as
processing delays, control signalling, and hardware implementation complexity and
impairments

› Two platforms are available from Aalto University and Telecom
Bretagne
- One suitable for investigating radio resource management algorithms in realistic
radio environment
- One suitable for investigation of digital based-band algorithms and corresponding
hardware complexity

› Scope: as only two test-bed platforms are available, 5 technical
components have been selected for the test-bed implementation
- Selection process: evaluation of good publicity (i.e. appealing to audience via public
demonstration), technology impacts, and high implementation feasibility according
to the available test-bed resources and tight time-schedule
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Highlights of D1.3
› 5 technical components have been demonstrated and presented
1. Interference cancellation (IC) in direct network controlled D2D for better
spectrum utilization
2. Mode selection between D2D and cellular links to achieve uninterrupted
connection while benefitting from the data traffic offload by D2D link when
possible
3. Efficient resource reuse for D2D communications in heterogeneous
networks
4. Multi-user detection based on compressed sensing for massive machine
communications
5. FBMC/OQAM waveform in dense networks with D2D and machine type
asynchronous communications (resilience to imperfect synchronization)
and in vehicular communications (robustness to high mobility)

› Presentation in several conferences and tradeshows
-

In particular during ICT’2013, EuCNC’2014, and MWC’2015 events
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Direct network controlled D2D with IC
› Test-bed demonstrates the impact of interference cancellation (IC)
when it is applied to the reception of the uplink transmission
- UL transmission is interfered by D2D transmission using the same uplink resources
for better spectral utilization

› The implementation shows the feasibility of the sequential IC at the
base station.
- We measured that the IC benefits from non-Gaussian distribution of the QAM
modulated signals.
- We observed that the LTE segmentation and encoding does not support the IC very
well.
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D2D with mode selection
› test-bed illustrates how direct D2D communication, when degraded,
can fall back to communication through base station
› An emphasis is on the link control
and signalling aspects that are
often overlooked in simple
physical layer simulations.
› The demonstration uses TD-LTE frame format.
› mode selection implemented by simply
switching of which time interval the
receiver-transmitter are using.
› The D2D link control and signaling aspects
need more thorough further studies.
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D2D with HetNet
› The demonstration shows how D2D link can reuse frequency
resources by simply detecting a BS signal level. The time-frequency
resources are split between a macrocell and picocells
› The implementation tests how the
D2D node can estimate the
resource selection from the
measured RSRP trace.
› The D2D transmitters could be
located everywhere in the cells
coverage areas
› We report the amount of mode
change switching's as a functions
of RSRP measurement intervals.
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Multi-user detection based on compressed
sensing for MMC
› The demonstration shows how a large number of machine-to-machine
(M2M) type nodes with short packets of data can efficiently
communicate over shared channel with non-orthogonal signals.
› OFDM version of the activity and data detection algorithm is developed
- Algorithm is suitable to be used in LTE frame structure

› User activity and data detection performance is reported.

Activity detection Pb
for proposed code
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Data detection Pb for different
spreading codes

FBMC/OQAM waveform
Component description
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Filter bank multi-carrier (FBMC) modulation uses a prototype filter improving its time and frequency localization.
Orthogonality is kept in real field thanks to OQAM processing. When compared to OFDM, FBMC/OQAM is:

› more robust to Doppler shift (illustrated in vehicular communication demonstration)
› more resilient to imperfect synchronization (illustrated in MMC demonstration)
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FBMC/OQAM waveform

Demonstration in context of vehicular communications
User Equipment (Transmitter)

Base Station (Receiver)

UE board receives the image, and transmits
it to the channel through RF interface

Doppler shift 10%

System parameters
FFT size: 512
QAM order: 4, 16, 64
Sampling freq: 7.68 MHz
Carrier freq: 2.4 GHz
Nb. PRB: 25
Filter: TFL1.

BS board receives the image impaired
with Doppler shift due to UE in high
mobility situation.

Demo A:
Vehicular
communications
KPIs are displayed on the GUI. Transmission
quality is improved in case of FBMC/OQAM.
With TFL1 filter, the BER difference in order of
magnitude is three when compared to OFDM.

Transmitter side
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User select parameters:
- Filter (TFL1/PHYDYAS)
- Doppler shift value
- Image to send

Receiver side

FBMC/OQAM waveform

Demonstration in context of MMC
4 sensors (Transmitter)

Base Station & Sensors (Receiver)

Transmit 4 images over the RF channel with
different timing offset.

FREE

FREE

FREE

FREE

Sensors

BS

USED

USED

System parameters
FFT size: 512
QAM order: 16
Sample freq: 7.68 MHz
Carrier freq: 2.4 GHz

Interfering
sensors

TX antenna is used to transmit the
interfering fragmented spectrum. In
parallel, image data are demodulated.

KPIs are displayed on the GUI. Transmission
quality is improved in case of FBMC/OQAM.
Using PHYDYAS filter, there is no interference
and all bits are received without error.

Demo B: Massive
Machine Communication

12

Transmitter side

18/05/2015
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User select parameters:
- Filter (TFL1/PHYDYAS)
- Timing offset
- Guard band

Receiver side

FBMC/OQAM waveform
Hardware complexity results

A new hardware architecture is proposed for FBMC/OQAM at transmitter side to reduce its complexity.
A comparison in term of hardware complexity is conducted between OFDM, typical FBMC/OQAM (SoTA)
and proposed FBMC/OQAM. Results are presented below:
Block
QAM mapper
Pre-process.
iFFT

Reorder
PPN TFL1
PPN PHYDYAS

TOTAL

Transmitter
OFDM
FBMC/OQAM (SoTA)
FBMC/OQAM (Proposed)
FBMC/OQAM (SoTA)
FBMC/OQAM (Proposed)
OFDM
FBMC/OQAM (SoTA)
FBMC/OQAM (Proposed)
OFDM
FBMC/OQAM (SoTA)
FBMC/OQAM (Proposed)
FBMC/OQAM (SoTA & Proposed)
FBMC/OQAM (SoTA & Proposed)
OFDM
FBMC/OQAM TFL1 (SoTA)
FBMC/OQAM TFL1 (Proposed)
FBMC/OQAM PHYDYAS (SoTA)
FBMC/OQAM PHYDYAS (Proposed)

Registers
20
51
108
172
106
2833
5666
2218
111
222
180
135
1095
3006
5775
2828
6641
3788

LUTs (as logic)
109
254
300
546
426
3343
6686
2534
141
282
420
300
1846
3599
7431
4011
8952
5585

LUTs (as RAM) DSP multiplier
16
0
104
0
192
0
0
4
0
4
544
16
1088
32
348
12
352
0
704
0
528
0
0
4
2112
16
912
16
1720
40
1068
20
3744
52
3180
32

Power (mW)
1
6
6
11
11
97
194
88
12
24
20
11
124
109
246
139
359
252

› Complexity of the proposed FBMC/OQAM transmitter architecture is
- almost two-times less than typical SoTA implementation.
- comparable to OFDM when applying TFL1 prototype filter.
› Latency is reduced by 25% in terms of number of clock cycles with respect to OFDM.
› The new architecture achieves a reduction of 43% in power consumption compared to SoTA FBMC/OQAM.
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Conclusions and perspectives
› 5 technical components have been developed and demonstrated
-

Can be categorized into three areas: device-to-device (D2D) communications,
massive machine communications (MMC), and waveform design.

-

For each demonstration, the devised storyline is illustrated together with the
proposed hardware implementation, its integration into the test-bed environment,
and the obtained results.

-

Allowed to analyse and to evaluate aspects that are hard to verify through software
simulations, such as processing delays, control signalling, and hardware
implementation complexity and impairments.

-

Allowed to show-case the METIS 5G system concept in several conferences and
tradeshows.

-

Constitute valuable proof-of-concept and implementation guidelines.

› Future studies can consider the combination of these components and
waveforms with other proposed techniques at the physical and MAC layers.
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