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3. Part lll: Specialized Knowledge
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- Part I: RAN Retrospect - Part Il: Handmade RAN Part llI: Specialized Knowledge

The Evolution of RAN Architecture
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Functional Split Overview
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https://www.hubersuhner.com/en/documents-repository/technologies/pdf/fiber-optics-documents/5g-fundamentals-functional-split-overview
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O-RAN Logical Architecture

Service Management and Orchestration Framework
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Backhaul, Midhaul, and Fronthaul

Backhaul

=

o
S
- .
[N
o=
N =
pm |-

____________________________________

&

= o

-
[

=

=

m | o

(=) o
[V

=
O
(=
X
(o=

————————————— (b)
Backhaul :/ _______________________ ‘: Fronthaul p——— \:
NG : ' )
(c)
Backhaul :l \:
5GC ; — ey DU RU
NG { |
) S — ‘

The Guidance to Become a RAN Engineer 7



Part |I: Handmade RAN




Part I: RAN Retrospect

- Part lI: Handmade RAN -

O-RAN System Archtecture

Part lll: Specialized Knowledge
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Accelerator Cards
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Part I: RAN Retrospect

- Part lI: Handmade RAN -

Part lll: Specialized Knowledge

PDCP Ciphering Accelerator Card

Intel® QuickAssist Adapter 8970

e  Ciphers (AES, 3DES/DES, RC4, KASUMI,
ZUC, Snow 3G)

° Message digest/hash (MD5, SHA-1,
SHA-2, SHA-3) and authentication
(HMAC, AES-XCBC)

° Algorithm chaining (one cipher and one
hash in a single operation)
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ngh PHY Accelerator Card
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X86 Server
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Part I: RAN Retrospect - Part Il: Handmade RAN -  Part lll: Specialized Knowledge

PTP (Precise Time Prorocol)
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Clock Synchronization Network Hierarchy
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Part I: RAN Retrospect - Part Il: Handmade RAN -  Part lll: Specialized Knowledge

Synchronization
Phase synchronization
e Time synchronization, also called phase
SICHCHONO
synchronization, means that both the frequency of
___________________ _>
and the time between signals remain constant. In
this case, the time offset between signals is always ;.. . o @ @ @ @
o i
e Frequency synchronization, also called clock Frequency synchronization
synchronization, refers to a constant frequency @ @ @ @
offset or phase offset. In this case, signals are WEETA
___________________ _>
transmitted at a constant average rate during any
given time period so that all the devices on the @ @ @ @
Watch B
network can work at the samerate. o _ _ _ _ _ _ _ _ _ _ —->

The Guidance to Become a RAN Engineer 17



Part I: RAN Retrospect - Part Il: Handmade RAN -  Part lll: Specialized Knowledge

Frequency synchronization
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Part I: RAN Retrospect - Part Il: Handmade RAN -

Part ll: Specialized Knowledge

Time synchronization

Master Time Slave Time
t1 1000 ccce-cccccccicaccncaccacaaan 1010
Master-to- { Syne
Slave Delay 1002 F°“ow_up [1000) 1012 t2
1004 1014
1006 - mmmmmcmcccc e e nm————— 1016 t3
Slave-to- { oe\a‘l—Rﬂ
Master Delay ta 1008 1018
1010 D“aLRe,p [1008 1020
1012 1022-10=1012
1014 1014
1016 1016

Timestamps
known by slave

t2
t, t2

ti, 2,3

t, 12,13, 14
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Delay = [(tz—t1) + (ta—t3)] / 2
Offset = (t2 - t1) - Delay

t1 = 1000
t2=1012
t3=1016
t: = 1008

Assuming symmetrical path delay:
Path Delay

=[(tz2—t1) + (ta—13)] / 2

=[(1012 -1000) + (1008 -1016)] / 2
=[12+(-8)]/2

=2

Offset from Master Clock
= (t2 - t1) - Delay

=(1012 - 1000) - 2
=12-2

=10
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Part I: RAN Retrospect Part Il: Handmade RAN - Part lll: Specialized Knowledge -

Linux Programming

1. Linux 2. Programming
1.1. Install Linux in a real machine 2.1. C Programming: gcc, Makefile
1.2.  Live in the Command Line 2.2.  Debug Tools: gdb, valgrind

1.2.1.  Account, Permission,
1.2.2.  Networking
1.2.3. ssh, tmux

2.3. Makefile
2.4. Socket Programming
2.5. IPC: socket, signal. pipe. share

1.2.4. VIM...
1.2.5. awk. sed. regular expression, memory, queue...
Bash 2.6. Library Usage
1.3.  Kernel Module Installation 2.7.  Kernel Module Programming
1.4. boot, GRUB 2.8. C++ Programming
1.5. Kernel Parameters 2.9. Linux From Scratch

1.6. BPF(Berkeley Packet Filter), eBPF
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https://www.linuxfromscratch.org/lfs/

Part I: RAN Retrospect Part Il: Handmade RAN - Part lll: Specialized Knowledge -

DPDK

Linux Kernel with DPDK

The DPDK libraries allow direct

Linux Kernel without DPDK Linux Kernel with DPDK
access to the hardware without
using the Linux kernel. The data I Applications
lane processing is handled by the = y VW

blanep J y userspace [ —
DPDK libraries that pass network 1 1 i t
packets directly to the application Linux Kernel . Linux Kenel

. . ‘-‘_u u! Kernel Space =
network stack without any Linux Network Driver | [ Driver |
kernel overhead.

e ——

— Network Hardware ——
Network Controller Network Controller

The Guidance to Become a RAN Engineer




Part I: RAN Retrospect Part ll: Handmade RAN

- Part llI: Specialized Knowledge -

Intel QAT Programming

NGINX (port 4400) _| 10G NIC I
Worker Processes 192.168.1.1

matches the
number of 10G NIC
hyperthreads 192.168.2.1

Server (Intel® Xeon® Gold 6152 processor)

— 10G NIC S_time
B 192.168.1.2 192.168.1.1.4400
1 10G NIC S_time
o 192.168.2.2 192.168.2.1.4404

Client

OpenSSL libcrypto

OpenSSL|“engine” API
QAT Engine

120,000
Intel” QuickAssist JTechnology API
— Intel”_QuickAssistTechnology ARI _ _ .
Intel® QuickAssist Technology B
User Space Library & 80000
User Space g
§ 60,000 54,665
Kernel Space A o
i
Intel® QuickAssist Technology ~ 40,000
Driver 3 29088
2
QAT FW Host Interface 20,000 14,781
- - -—e—— e - o o - e - - - - - -
n: K Ea HAm
Ac8t 8c16t

Intel® QuickAssist Technology Device . - 2aat
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66,914

Each s_time block is 500-700
instances of s_time run as separate
processes, allowing the OS to
schedule their core assignment

100,404 100,455
97,389 95,411

90,650

78,525

7,914 8,721
5650 4,435 A2
. N I I I I I

10c20t 12c24t 14c28t 16c32t 18c36t 20c40t 21ca2t
Cores/Hyper-Thread

m intel QuickAssist Technology M OpenSSL-1.1.0 SW
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