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Notices and Disclaimers

* Intel technologies may require enabled hardware, software or service activation. Your costs and results may vary.

* No product or component can be absolutely secure. Tests document performance of components on a particular test, in specific systems. Differences in
hardware, software, or configuration will affect actual performance. For more complete information about performance and benchmark results, visit
http://www.intel.com/benchmarks .

* Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as
SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those
factors may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated
purchases, including the performance of that product when combined with other products. For more complete information visit
http://www.intel.com/benchmarks .

* Intel® Advanced Vector Extensions (Intel® AVX) provides higher throughput to certain processor operations. Due to varying processor power
characteristics, utilizing AV X instructions may cause a) some parts to operate at less than the rated frequency and b) some parts with Intel Turbo Boost
Technology 2.0 to not achieve any or maximum turbo frequencies. Performance varies depending on hardware, software, and system configuration and
you can learn more at http://www.intel.com/go/turbo.

* Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors.
These optimizations include SSE2, SSE3, and SSSES instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or
effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for
use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the
applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice.

» Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may
affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

* Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and
confirm whether referenced data are accurate.

* © 2020 Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may
be claimed as the property of others.
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L egal Disclaimer & Optimization Notice

 Information in this document is provided “as is”. No license, express or implied, by estoppel or otherwise, to any
intellectual property rights is granted by this document. Intel assumes no liability whatsoever and intel disclaims
any express or implied warranty, relating to this information including liability or warranties relating to fitness for a
particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right.

» Software and workloads used in performance tests may have been optimized for performance only on Intel
microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may
cause the results to vary. You should consult other information and performance tests to assist you in fully
evaluating your contemplated purchases, including the performance of that product when combined with other
products.

* Copyright© 2020, Intel Corporation. All rights reserved. Intel, the Intel logo, Atom, Xeon, Xeon Phi, Core,
V' Tune, and Cilk are trademarks of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any
optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors.
Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for
more information regarding the specific instruction sets covered by this notice.

Notice revision #20110804
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Forward Looking Statements Disclaimer

» Statements in this presentation that refer to future plans or expectations are
forward-looking statements. These statements are based on current expectations
and involve many risks and uncertainties that could cause actual results to differ
materially from those expressed or implied in such statements. For more
information on the factors that could cause actual results to differ materially, see our
most recent earnings release and SEC filings at www.intc.com.
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VRAN / CloudRAN / OpenRAN Transition & Why

Open RAN CloudRAN is VRAN but may have proprietary i/f w/single vendor

ﬂ OpenRAN is VRAN but has Open I/F interoperability

= Open Interfaces for
domain innovation

= RIC for cloud based
Network Al

1

Benefits

3l = VVendor interoperability & optionality allows for
oRAN d|t best of breed configurations
Server Cat E;jge Data 7.2x .
enter = . ol o
5 = Enablement of flexibility and aqgility for operator
O-RAN 3
E2 - deployments
Centralized Unit Distributed Unit | = Common Cloud Native SW platform from Core to
~ L; Access to Edge

=

Cabinet at Cell

Server at Edge Data
Site

Center

Promises to increase the pace of innovation for
Telco community

3GPPFI

Webinar: The Full vVRAN Experience inteL 6



vRAN / OpenRAN is Becoming Mainstream

Operators

verizon’

vodafone

VF-I

8 .
Telefonica
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Vendors
g ERICSSON
Rakuten Symphony
SAMSUNG
MAVENIR
JIParallel

WIRELESS

CORNING

Analysts

Dell’Oro bumps revenue forecast

50% as open RAN gains steam

Dell'Oro has released its
latest open RAN report,
which, according to
preliminary findings,
forecasts that the nascent
tech will account for around
15% of the overall 2G-5G
RAN market by 2026.

intel.
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Building Blocks for the RAN: O-DU/CU, FHGW, Radio

ORAN Compliant DU/CU

FlexRAN Software Stack
VRAN Enablement Package

intel
XeON i::SIC

PR EEC
FEC/SRS
intel
Ethernet
Mid Haul

Fronthaul (Direct to RU)

Backhaul

FlexRAN™ Architecture (HW and SW) enables the end-to-end

Open RAN solutions with Intel® Xeon®, Intel® FPGA, Intel® eASIC™
and Intel® Ethernet technologies

Y CPU is the Main Processing Block
+ Ethernet for Connectivity (BH, MH, FH-eCPRI/SyncE/1588 direct RU attach)
# FPGA / eASIC for limited RAN acceleration (e.g. FEC) or Lower L1 FH or for Radio
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Intel vVRAN R&D: Enabling an Si Arch agnostic Cloud RAN

VPP IPSEC

FlexRAN™ SW

Source Code Released under Intel® architecture
license free of charge

FlexRAN SW Consumption Models

Usecase 1: baseline for stack which is
added to, enabling commerical RAN on
Intel® architecture only

Usecase 2: consume some modules
to augment own [P

Usecase 3: benchmarking only no
SWuse

Ecosystem — vVRAN Ecosystem
consumes all BKMs for developing a
SW Based vVRAN Solution

HW OEMs

System Integrators

O-RU Integrations

C/C++ Software Development
Optimizations and ISA
abstraction

HW / SW Abstraction
ISA/Cache/Memory etc..
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Commercial L3

Commercial L2

L1-L2 SW Interface infra

FlexRAN L1 Commercial L1
O-RAN xRAN Lib

CaaS (K8s)
Linux OS — RT Kernel

T XPU

Intel 810 NIC 3rd Party NIC

Commercial/Licensed
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Cloud Native Architecture Goals

Service Mgmt & Orch (Edge/Core/Cloud)

Combined |A Platform and

Datalntegrations)  Frapsl| | (Tiape | | FAps FlexRAN vRAN Telemetry
& Inference

Application Non-RT RIC create potential for unique
Al/ML use cases and

optimizations for CoSPs

Enable Al/ML use cases for
RAN working with ecosystem
partners

Near-RT RIC

I O-RAN
E2

O-CU POD FlexRAN Modular Micro

Service Architecture for easier
3GPPFI 1 ecosystem consumption and

O-RAN Interface Integration
O-DU POD

™
oRmt oo | FlexRANLI FlexRANL2 | FlexRAN OAM
: ) Micro Service Micro Service Micro Services
Micro Service
v
Kubernetes Operator For Intel® vVRAN Telemet Resource Greater Integration of Intel
ACCIO0, NIC Moo o Mgmt. Container Experience Kits

Kubernetes Ctrl VRAN K8s Operators Intel Container Experience Kits Ingredients for VRAN use case

Optimize TCO by reducing
Cloud Infrastructure overhead

K8s VRAN Operators for ) intel intel
ACCI00 and beyond to eAs XEON Ethernet
automate VRAN Deployments

Cloud RAN Platform

Intel® Network Builders - Container Bare Metal Experience Kits
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https://networkbuilders.intel.com/intel-technologies/container-experience-kits

INnNovation
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Intel® C++ Class & C++ Standard Libraries for
High Performant & Portable Code

Intrinsic @ Intel C++ Class « Intel C++ Class libraries allow developers to simplify
Libraries (Dvec.h) code development and evolution, increase forward and
Complexity Medium Low backward portability and decrease maintenance costs
Portability Medium Medium + Intel FlexRAN™ 22 03 (FlexRAN's first major Dvec

High release) delivered
Intel® AVX-512 to 5GISA *  Upto85% reductionin source code
«  Up 7%-11% decreasein clock cycles
* Aruntime system enabling same binary run on
#include <xmmintrin.h> #include <dvec.h> multiple uArchitectures (AV X512 or AV X512+
—mi28abc; _ T <type>ab,c; 5GISA) delivering open RAN HW / SW
a=_mm_add_ps(b,c); a=b+c . :

' Disaggregation

Performance

Run time uArch
target run time swap

Example

{ lcelake Today ] _ [ Sapphire Only ] [ Hybrid Future Rack ]

| One SW Image: many CPU generations with any combination | Intel® C4++ Class Libraries
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https://software.intel.com/content/www/us/en/develop/documentation/cpp-compiler-developer-guide-and-reference/top/compiler-reference/libraries/intel-c-class-libraries.html

vRAN Energy Efficiency

Phase 1: Current Technologies Phase 2 : Future Technologies
MWC 2022 DemowithDTAG in development

170

Workload Consolidation
Scaling Cores as required intel. | - Additional scope with Pstates

Wy
s and Uncore frequency changes
Energy Consumption Video Stream ‘5_;, 150
z
a
&
B 140
Throughput 130
o
120
Total Power Savings co  C1 Cé
3 Cells
Power Saved i | |SLEEP 146|130 126
e P VAT 141 1127 122

1 09 5 Diff (Watts) 5 4 Application C1/C6é Future savings
" Wi o Avg Core Util 60% 60% 60%

P-States to tailor CPU Freq to traffic throughput and reduce power consumption

DTAG Real Cl&C6 Application
Life Traffic Power states intelligence to
Model scale core

_ Uncore reduce uncore frequency during periods of low traffic throughput
Savings

UMWAIT new family of “wait” instructions that give fine grain control over
Cl state to application. Targeted for I/O polling threads

Workload : 18 cells, 20 MHz 4x4 running on 40 cores compared to 14 cores on optimized server

vRAN SW directly influence per core c-states for intelligent Cloud RAN Energy Efficiency

Platform ICX 6338N (185 Watt TDP)
Config Core 2.5GHz; Uncore 1.8Ghz; 8 DIMMs 16GB each

Intel/Ericsson CNDA: 4349934

Webinar: The Full vVRAN Experience inteL 13



eBBU Scheduler Enhanced Dynamic Power Savings

= Justlike any application, the L1application has busy (in blue) and idle (in yellow) periods per TT]

= During these smalleridle periods, the scheduler does a continuous usleep(10) till it finds a task in

the queue..OS puts in CO state until

task arrives in queue

= Predictive application logic per TTlusing L1/L2 stats (RB util, BW, UE/TTI) for longer Cé sleep
= Suspend APl coordinates HT pairs from pool to do usleep(500) ...OS putsin Cé

usleep(10us) sl

2-3xloops Suspend AP Resu
eep(500) Usleep(500) usleep(10us)

Corel T X ““““““““““ |

me AP 6-7x loops

\ \

—_——d

App 10

Kernel i1l ;|- |

C-State [ CO - Co
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Small Cells
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Small Cells Success Story

https://b2b.10086.cn/b2b/main/viewNoticeContent.html?noticeBean.id=874212&jump_from=1 05 37 O]

Webinar: The Full vVRAN Experience

=) $TENER

China Mobile's centralized procurement of expanded leather
station equipment from 2022 to 2023 Bid-winning candidate
announcement

China Post and Telecommunications Equipment Group Co., Ltd. China Mobile's centralized procurement of expanded leather station equipment from 2022 to 2023 will open the bid at
2022-05-30 09:30, and complete the evaluation in accordance with the relevant national bidding laws and regulations and the bid evaluation method stated in the bidding decuments.
The bid-winning candidates are now announced as follows:

1. Bidding quotations of the successful bidders and the situation of winning the bids:

Bidding Package 1 Single-mode Expanded Leather Station:

The 1st winning candidate: Comba Metwork System Co., Ltd,, the bid price: 388725000.00 yuan (excluding tax), the winning share is 23.91%;

the 2nd winning candidate: Ruijie Networks Co., Ltd., bidding price: 405604500.00 yuan (excluding tax), the winning bid share is 19.57%;

the third winning candidate: Scitech Information Technology Co., Ltd., bidding price: 388600000.00 yuan (excluding tax), the winning bid share is 17.39%;

the 4th winning candidate: Lenove (Beijing) Co,, Ltd., the bid price: 390001230.00 yuan (excluding tax), the winning share is 15.22%;

the 5th bid winning candidate: Shenzhen Guoren Wireless Communication Ce., Ltd., the bidding price: 402798375.00 Yuan (tax excluded), the winning bid share is 13.04%;

the sixth winning candidate: CITIC Mobile Communication Technology Co., Ltd., the bid price: 415402500.00 yuan (tax excluded), the winning bid share is 10.87%.

Bidding Package 2 Dual-mode Expanded Leather Station:

The 1st winning candidate: Comba Network System Co., Ltd,, the bid price: 894375000.00 yuan (excluding tax), the winning share is 18.85%;

the 2nd winning candidats: CITIC Mobile Communication Technology Co., Ltd,, bidding price: 923800000.00 yuan (excluding tax), the winning bid share is 15.94%;

No. 3 candidate for winning the bid: Scitech Information Technology Co., Ltd., bidding price: 819500000.00 yuan {excluding tax), winning the bid The share is 14.49%;

the fourth winning candidate: Shenzhen Guoren Wireless Communication Ce., Ltd., the bidding price: 894070125.00 yuan (excluding tax), the winning share is 13.045%;

the fifth winning candidate: Lenovo (Beijing) Co., Ltd., the bidding price : 887488250.00 yuan (excluding tax), the winning bid share is 11.59%;

The sixth winning candidate: Xinhua Three Technology Co., Ltd., the bidding price: 1057899950.00 yuan (tax excluded), the winning bid share is 10.14%;

the seventh winning candidate: China Mobile Communications Group Design Institute Co., Ltd., the bidding price: 983435000.00 yuan ( excluding tax), the winning bid share is 8.70%;

the 8th bid winning candidate: Hangzhou Pingzhi Information Technology Co., Ltd,, bidding price: 819454375.00 yuan (excluding tax], the winning bid share is 7.25%.

intel.
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—xtended Picocell System Architecture

Typical 3 types equipment
DU:

Option7/-2 é)r Option8
Central Unit, L3/L2/L1 function rely on CU/DU Option
: N
s OHUBO} J Switch device, L1/Switch function rely on CU/DU Option
a
Switch [ RRU:
CU/DU L (rHUBI) ) Remote device, L1/Radio function rely on CU/DU Option
Switch  |«——= System Topology
l \ LED) ) | One DU support up to 4 rHUBs
r ™
Switch Each rHUB support up to 8 RRUs
HUBS3
K . r L‘—‘ rHUB support 2-level cascading
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Roadmap
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Intel VRAN Solution — Up to 2X Capacity Gains

'21-'22 Platform

3rd gen Xeon SP2

Cloud RAN
AV X512 \

Intel® vRAN Dedicated | Ethernet
Accelerator ACCI00

FEC
Acceleration

T
\

+5G signal Next Gen Platform

processing

instruction 4th gen Xeon SP3 4th gen Xeon
enhancements

Cloud RAN Cloud RAN
+ Improved Next-gen ISA Next-gen ISA

FEC + SRS |

acceleration
(integrated
acceleration)

P C FEC Ethernet

Acceleration Ethernet

+ SW optimization

Designed at SoC level for best performance, flexibility and software support
Next generation of Intel® Xeon® delivering up to 2x capacity per RAN site!
Supports high cell density and 64 T64R Massive MIMO

1 Claim estimated as of 2/10/2022 based on 4" generation Intel® Xeon® Scalable architecture improvements vs 3rd generation Intel® Xeon® Scalable at similar core counts on a test scenario using FlexRAN™ software. Results may vary.

Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performancelndex.

23rd gen Intel® Xeon® Scalable Processors, previously codenamed Ice Lake. 34t gen Intel® Xeon® Scalable Processors, previously codenamed Sapphire Rapids.
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http://www.intel.com/PerformanceIndex

FlexRAN™ Pipeline — Next Gen RAN Acceleration

for Massive MIMO

FEC Acceleration

Rate Matching

& Code Block Scramble
Concatenation

CRC&LDPC
Encode

Segmentation

Modulation

Mapping

Mapping

FFT/iDFT HW
Accel.

FEC Acceleration

T P
LDPC
HARQ and La
Decode & L yer
De-R - <
Concatenate Block CRC piat(?:]e De -scramble Demapper

Estimation

(.

E Symbol based data processing = Symbol based data processing with matrix multiplications

: Bit Processing RAN Acceleration
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Scramble/Descramble, Modulation i% Significant % of overall cycle count
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Summary
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Questions?

Xiaojun (Shawn) Li, Sales Director, Next Wave OEM & eODM
Xiaojun.li@intel.com

Daniel Lynch, Technical Market Engineer Manager
daniel.lynch@intel.com
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Join Us Next Time
October 5th @ 8am PDT

Intel® Network Builders Insights Series

Intel SOCs for MEC, Access and Security
Infrastructure and Servers

Venkataraman Prasannan, Product Line Director, NECD, Intel

intel.
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