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ITU IMT-2020 Vision

Mobile broadband:
20Gb/s peak
100Mb/s user experienced

Internet of things (IoT):
10® devices/km?

Low Latency:
1ms

4G shall evolve into 5G

Enhanced Mobile Broadband

Gigabytes ina second
gaby _|_

|— 3D video, UHD screens
‘@ |7Work and play in the cloud

Augmented reality
‘_ Industry automation
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Smart Home/Building
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https://ec.europa.eu/digital-single-market/en/policies/5G
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4G Evolution to 5G

3GPP TS 38211 V1.0.0 (2017-09)

Technical Specification

3rd Generation Partnership Project;

e @Goal: common air interface Technical Specification Group Radio Access Network;
NR;
for a I I IMT— 20 20 USE-CAaSES Physical channels and modulation

- 18 month 3GPP Release cycle (Release 15)

« Gradual introduction of new
features (r.15 first mention of
"New Radio" - NR)
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NI Products

NI LabView for
Communications (Win64)

« NI LTE Framework
« NI-USRP 2943R & 2944R

- NI MXI Interface cards o
(require PCs with PCIe 88920 B3

x16 Gen.3 slot)
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Capabilities of NI LTE Framework

» Subset of 3GPP LTE Release 10 PHY & MAC functions
« 20MHz Bandwidth (100 PRBs = 1200 sub-carriers)

* Primary synchronisation signal (PSS) only

 Cell- & UE- reference signals (channel estimation)

Simplified implementation of control channels, so cannot
interoperate with COTS equipment (i.e. phones, base
stations)
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Organisation of the NI LTE Framework

« Simplified MAC layer runs on host PC
« PHY layer runs on NI-USRP FPGA (Xilinx Kintex-7)

Labview for Communications toolchain converts from GVI
to VHDL, and then produces an FPGA "bitfile"

Used eNodeB & UE sample code as starting point for
experimentation




Test Setup

« Single input - single
output (SISO)

« 2943R (Rx) 120MHz BW

« 2944R (Tx) 160MHz BW

* 4K Video streaming

 R&S FSV-7 Signal analyser
« Tektronix RSA 306
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Scope of Presentation
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cm-Waves? DET-5-0FDM
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Frame
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http://www.rohde-schwarz.com/appnote/1MA271
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Bandwidth Increase

OFDM "numerology":

Af =1
f /TSymbol
Currently used in LTE 4G:
Af = 15kHz TSymbol = 667[.15
1200 subcarriers maximum

18MSymbols/sec
Up to 64QAM: 6 bits/symbol

Af = 30kHz | Tsympor = 333us / 40MHz BW
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Waveform V|
Improvement MM s o7

e QOut of band (OOB) emissions | ‘Ur \J \JUJ l\,,/ TN UI\ i T
*  Af,Tsympor > carrier orthogonality
« Minimise inter carrier interference
BUT ’

 Phase shifts at symbol boundaries
introduce unwanted frequencies

« LTE 4G 20MHz channel include
10% guard bands

-40

40

@
<3

Freq. (MHz)

-50

0 0.1 0.2 03 0.4 0.5 0.6 07 0.8 0.9 1

Time (ms)

European
Commission




Spectrum Shaping

Af =30kHz [ Tsympor = 33.3us / 40MHz BW
Spectrum | [@

Ref Level -40.00 dBm @ RBW 1kHz
j ALt 0dE @ SWT 1= YBW 10 kHz Mode Auto FFT
Count 1/1

@1Rm Yiew@2Rm View

. 25 tap FIR filter (Xilinx IP) e i

inserted before DAC block PGS R .

« Added to LTE Framework Downlink [
sample code

+ Running in FPGA

« Measurement shows 22dB JK,,J/
reduction in OOB emissions
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Mixed Numerologies

Af = 30kHz / Tsympor = 33.3us / 40MHz BW
Spectrum [%]

Ref Level -30.00 dBm @ RBW 10 kHz

Att 0de @ SWT 10ms @ YBW 30 kHz Mode suto FFT
Count 1004100
@1Rm Awglog

M1[1] -41.93 dBm

« Sharper (here 233 tap) FIR filter |
- Results in occupied bandwidth

increase from 90% to 97.5% ' M

« Allows sub-bands with different
numerologies:
i.e. narrowband IoT link (here in BT — .
guardband) coexisting with high-
throughput link

[ ] [ Measuring... BRRRCCCED G gz a1t y
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64QAM Modulation

JRC RSL (Radio Spectrum Lab) 5G Testbed

—
i B U RX Active RIO Device |RIO0 Reference Clock Source | Internal v B FPGA Ready
UE Receiver = stop
UERXF i i : UE RX UE Context
requency [Hz] UE RX RF Port (USRP) UE AGC UE Manual Gain [dB] UE Applied Gain [dB] UE RX CellID  UE RX Frame Structure Transmit IP Address UDP Transmit Port
3.5000006 % &I Rx2/RF1 Off/On o|= 15.00 o= Eenp 177,00 2321 UseUERS  RNTI Antenna Port  CCE Offset
% Off/On 10 : 7 : 0 :

UE RX Basic UE RX Advanced

UE Coerced Gain [dB] UE ADC Values Clipped Sync Found Wideband SINR [dB] Sub-band SINR [dB] : : e
m Sub-band Signal to Noise Ratio [dB] | Sync Status
15.00 ‘ i 30 30 — :
3 £ = = PSS detected?
UE Frequency Offset [Hz] UE DDC Values Clipped UE RF RX Power [dBm] UE Baseband RX Power [dBFS) 520 =
@2
0,63 -29.73 -16.01 «© .
Z10 .
b cross correlation timing estimate
UE RX Power Spectrum 0
Throughput [Mbps] R L s ' P Aib
-40 — 10 1 2 3 45 6 7 8 9 10 11 12 13 autocorrelation peak index
- = 13.56 Symbol-Nr Subband Index 408681
| (PDSCH) PDSCH (overall) FFO estimation
1 PDSCH Constellation = o
-60 — 4| D PDSCH (CRC OK) 0.00012207
o £ 15 = : PDSCH (overall) m User data (to UDP) IFO estimation
- ] 1 e e eeeeoee 80 2
% 80 ,- . ® e 0 e o 0o o 70 : frame timing estimation
= 05/ e ® e o008 e —60 S
3 -90 | a i s
e . / g "R EEERS :;_, 50 signal detected?
] o 0 = :
-1003 g \ 1 o8 0 e 0000 840 .
49 3 05 S & P 9o 08 0 0 0 r; 30 = normalized CFO
1 1 sepesocap S 20 -0.124998
120 - R ® o 00 86 0 0 @ 10 -
N e ] Sync [frame/sec Time [ms]
—;30 3 ‘I | I R 1 Haz) & 58 l UL L [ | 57 S 7 | | ) BNE 7T P | ; ] | | | 7R IR ' UL | "'5 ! LB l LB I LB | LA l LELBLIL | i O " LU ] UL ‘ UL ' L | LU | UL ‘. o4 [ ! ] l [ ]
-40 -30 -20 -10 0 10 20 30 40 15 -1 05 0 05 1 15 0 10 20 30 40 50 60 5 50
Frequency [MHz] I Time [s]
* K %

European
Commission




256QAM Modulation

JRC RSL (Radio Spectrum Lab) 5G Testbed
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Any guestions?

You can find me james.bishop@ec.europa.eu
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