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IMT-2020 Usage Scenarios and 5G

Enhanced mobile broadband

Gigabytes in a second —I.__..

3D video, UHD screens

o Work and play in the cloud
Smart home/building
Augmented reality
Industry automation
Voice . ——  Mission critical application
Smartcity —— Self driving car
Future IMT
Massive machine type Ultra-reliable and low latency
communications communications

——— Source: Recommendation ITU-R M.2083-0, 09/2015
LR IMT Vision — Framework and overall objectives of the future
AND PHOTONICS
INSTITUTE Sant’Anna development of IMT for 2020 and beyond
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ITU-R M.2150-0

Recommendation ITU-R M.2150-0 (02/2021), “Detailed specifications of the
terrestrial radio interfaces of International Mobile Telecommunications-2020
(IMT-2020)", M Series, Mobile, radiodetermination, amateur and related satellite
services

https://www.itu.int/dms_ pubrec/itu-r/rec/m/R-REC-M.2150-0-202102-1!'PDF-
E.pdf

IMT-2020 specifications, known as 5G, have been developed by 3GPP and
consist of long-term evolution (LTE) and new radio (NR) Releases 15 and
beyond.

In 3GPP terminology, the term Evolved-UMTS Terrestrial Radio Access (E-
UTRA) is also used to signify the LTE radio interface.

5G is a set of radio interface technologies (RITs) consisting of E-UTRA/LTE as
one component RIT and New Radio (NR) as the other component RIT.

© 2022 Scuola Superiore Sant’/Anna



5G Architecture

AUSF - UDM
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5G Architecture Functional Elements

NSSF AUSF UDM

AMF N1l SMF N7 PCF |—ns——  AF

N4
/ /
UE RAN N3 UPF N

5G Reference Points Architecture
2
N
—
2
L]

2 NSSF NEF NRF PCF UDM AF
Source: ETSITS g anssf erief erm Nplu::f Nu!:lm Nlaf
123501 v15.2.0 = I I ! | | | I Message Bus
(2018- < ”aiJSf ”al'“f Nsmf
06)5G;System g AUSF AMF SMF
Architecture for 3
the 5G System 8 a I
(3GPP TS 23.501 § /”1 | |
version 15.2.0 0 UE RAN UPE NG
Release 15)

AMF: Access & Mobility Management Function NEF: Network Exposure Function UDM: Unified Data Function
SMF: Session Management Function NRF: NF Repository Function AUSF: Authentication Server Function
UPF: User Plane Function NSSF: Network Slice Selection Function PCF: Policy Control Function
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5G Protocol Stack: User Plane

Application

N6 DN

DN . Data Network RLC : Radio Link Control
gNB : Next generation NodeB SDAP : Service Data Adaptation Protocol
GTP-U : GPRS Tunneling Protocol User plane SMF : Session Management Function
MAC : Medium Access Control UE : User Equipment

Eﬁﬁﬂ?&um PDCP : Packet Data Convergence Protocol UPF : User Plane Function

ENGINEERING, PDU : Protocol Data Unit Xn-U : Xn User plane
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5G Radio Protocol Architecture

Control Plane Protocol Stack

User Plane protocol stack
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NG-RAN and Disaggreagated gNB
—or backhaul
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5G Protocol Stack: User Plane

Application
PDU Layer
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Programmable Hardware Acceleration of 5G Functions
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FFT/IFFT and OFDM
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Open CL for Programmable Hardware and Software
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SmartNIC-based Implementation

QSFP

CPU FP+

High-PHY High-PHY

Low-PHY FPGA
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SSSA 5G Testbed Setup
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5G Testbed Setup Picture
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Performance Evaluation for IFFT Implementation

DU Low-PHY functions are
offloaded onto a DE10-pro
development board with Stratix 10
FPGA, two 8 GB DDR4 memory

Table 3
OpenCL optimization result on 128 OFDM symbols.

Version 1 Version 2 Version 3 Version 4 Version 5

) Processing time [ps] 34.37 23.5 23.45 21.4 15.43
modules and PCle v3.0 with 16 Logic gate utilization 14% 25% 21% 19% 21%
slots at 32 GB/s bandwidth DSP utilization <1% 5% 4% 3% 3%
) i i Memory utilization 2% 2% 2% 3% 5%

* The CPU'_based |mplementat|on IS RAM utilization 4% 6% 6% 7% 11%
executed in an Intel Core i7- Kernel frequency [MHz] 239.23  366.7 285.63  484.26  484.78
7700K@4.2 GHz and based on
Intel Advanced Vector Extension 2 Table 4

(AVXZ) FPGA resources and kernel operating frequency of Low-PHY layer functions with
» The GPU-based implementation different IFFT points.

clfft and cufft is based on an 128 256 512 1024 2048
NVIDIA Tesla T4 GPU featuring Logic gate utilization 21% 26% 36% 51% 66%

. DSP utilization 3% 3% 8% 14% 14%
320 NVIDIA Turing tensor cores,16 Memory utilization 5% 6% 11% 15% 15%
GB GDDR6 memory modules, and RAM utilization 11% 13% 16% 23% 23%
PCle v3.0 with 16 slots Kernel frequency [MHz] 484.78 461.68 390.93 299.67 146.26

© 2022 Scuola Superiore Sant’/Anna 24
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FPGA, CPU, and GPU Comparison: Processing Time

m FPGA ®m 1 CPU core m 2 CPU cores = 3 CPU cores
M 4 CPU cores m GPU (clfft) " GPU (cufft)
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FPGA, CPU, and GPU Comparison: Energy Consumption

®FPGA m1CPUcore mGPU (clfft) = GPU (cufft)
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FPGA-based Implementation: Processing Time Contributions

B Write mKernel ™ Read
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Conclusions

* Application of FPGA processing in 5G PHY

« Short processing time and energy consumptions a re
achievable

 Bottleneck: data transfer
* Need for SmartNIC

© 2022 Scuola Superiore Sant’/Anna
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Open position
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Information-and-1

© 2022 Scuola Superiore Sant’/Anna

29



BRAINE
ECSEL

Joint Undertaking

justinecris.borromeo@santannpisa.it,
luca.valcarenghi@santannapisa.it

THANKS !

. \ vy
o ) h._l F] l‘ \Fl na © 2022 Scuola Superiore Sant’Anna

30


mailto:luca.Valcarenghi@santannapisa.it

