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Driving MAC & PHY Innovation
with FlexRAN™ & O-RAN
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Cohere Is Solving Spectrum & Performance Challenges
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We Build Software That Improves Mobile Networks

Universal Spectrum Multiplier software can be integrated with the cellular Base Station (CU/DU) or
in the Telco Cloud as an xApp with the near Real-Time RAN Intelligent Controller (RIC)
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The O-RAN Opportunity
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Modernize Your RAN
Making the RAN Open & Programmable

Yusuke Kanamori
Director, Product Marketing

September 6t
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Any Application, Any Cloud

Deliver an optimal experience for customers on any cloud

5G e-Health 5G Manufacturing 5G Retail 5G eSports

Public Cloud Enterprise Edge RAN Provider Edge Core
* Data center expansion * Smart manufacturing * Radio access * Multi-access edge network * 4G/ 5G network
e Cloud bursting * QOil & Gas * Cloud Centralized Unit (CU) * Content delivery network * Mobile core control plane
e Disaster recovery e Stadium * Cloud Distributed Unit (DU) * Gaming/AR/VR * Voice over LTE / 5G
* SD-WAN
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Path to RAN Disaggregation and Modernization

From physical to virtual to open RAN

PAST 5 TODAY NEXT
Traditionally built RAN Virtualized RAN (VRAN) Open Interfaces & Choice
Single-Vendor EMS Single-Vendor EMS Multi-Vendor EMS
[T ====== 1
| Provisioning |
L= === VMware Telco Cloud Automation VMware Telco Cloud Automation
.............................................................................................................................................................................................................................. S
RAN Intelligent Controller
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VMware Telco Cloud Platform RAN VMware Telco Cloud Platform RAN
Proprietary Hardware
COTS Hardware COTS Hardware
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VMware Telco Cloud Platform RAN

Flexible RAN platform with bare metal equivalent performance

VvRAN VvRAN Open RAN
Certified CNFs Functions Functions Solutions
* RAN-focused ecosystem —J
M Open API APP

e Performance & Resource

ormar RAN Assurance
Optimization RAN DISAGGREGATION & PROGRAMMARBILITY .
* Intelligent fault and performance

management
Telco Cloud Service Assurance * Service visibility and service health
Cloud-Smart Automation Multi-Vendor vRAN Functions Assurance * Al/ML-based automated RCA,

: : correlation and service Impact
* Consistent operations — Core to P

— . e (Cl -1 remediation

RAN N Telco Cloud Automation Closed-loop remediatio

e Infrastructure automation

* On-demand infrastructure resource
optimization

Automated Infrastructure and RAN Functions LCM

Tanzu for Telco RAN
Optimized K8s Clusters and Worker Nodes

Optimized CaaS

* Tanzu Kubernetes for RAN
* Distributed K8s clusters
ESXi Hypervisor ¢ Standard CAPI
Optimized Real-Time Photon OS for vVRAN Functions * RAN specialized plugins (DPDK, SR-10V,
MACVLAN, etc.)

RAN-Optimized Platform

* RAN-driven performance
e Intrinsic Security

* Ready for O-RAN migration 4—?\\
((2},)) VMware Telco Cloud Platform RAN intel
" FlexRAN™

Certified Hardware

COTS Hardware (w/ Accelerators) }—’ : zillii?\:ii:‘zvr\r/\irgigei Edge

* Intel
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RAN-Optimized Platform

Meeting stringent latency requirements of 5G

Latency Measurement

System Response Time from Idle to Active

Latency
Microseconds

6
Photon RT Photon RT
Bare Metal VMware ESXi
4
Photon RT Photon RT
? Bare Metal VMware ESXi

Average Maximum
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VMware ESXi vs. Bare Metal

No latency differences

g
Ideal for Telco
RAN workloads

*industry benchmark cyclic test done by VMware




Path Towards Open RAN
Making the RAN programmable with VMware RAN Intelligent Controllers

g‘rqgf i

PAST 3 TODAY NEXT
Traditionally built RAN Virtualized RAN (VRAN) Open Interfaces & Choice

Element Management System

Multi-Vendor EMS

VMware Telco Cloud Automation

Proprietary Hardware

VMware Centralized RIC

Telco Cloud Automation

VMware Telco Cloud Platform RAN

VMware Telco Cloud Platform RAN
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COTS Hardware

COTS Hardware

Management
Plane

Control
Plane
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Why VMware RIC?

Abstracting the complexity of the RAN through programmability and intelligence

Faster Innovation

* Simplify app development with
VMware RIC SDKs and Open
APIs

* Introduce near-RT apps fast
with vibrant ecosystem
partners

* VMware RIC SDK partner
program to accelerate and
grow ecosystem of Apps

Programmability & Intelligence

* Access the control plane to
program the RAN

» Efficient and intelligent use
of radio resources

* Reduce operational
complexity

mwa re® | ©2022 VMware, Inc.

VMware RAN Intelligent Controllers

Cell Site

XApps XApps

Operator RAN Vendor

XApps XApps

VMware 3rd Party

RIC SDK & Open APIs

VMware

,./'\
C((o)?m'—_l
N Distributed RIC

Near-RT Control (E2)

<

Non-RT
Policy
(A1)

Aggregation Site

rApps rApps

Operator RAN Vendor

rApps rApps

VMware 3rd Party
RIC SDK & Open APIs

d(o,?f@\j VM\{vare
Centralized RIC

Monitoring & Config (O1)

Improved Observability

e Capture millions of event per
second

* Analyze and process events &
data with Al/ML

* Automated optimization
improves QoE and network
performance

e User and device-level SLA
management

Supports Traditional & vRAN

e Support both traditional and
VvRAN

* Introduce non-RT apps in
existing deployments

* Pave seamless path towards
true open RAN
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VMware RIC Vision
Support any app, any RAN, any cloud

Innovative Cross-Vendor Diverse Multi
Use Cases Support RANs Cloud
* Automation * RAN Vendor * Open RAN *  VMware Platform
* Optimization » 3 Party * Traditional RAN * Hyperscalers
* Monetization * Operator e 4G &5G * Bare Metal
* VMware
mwa re® | ©2022 VMware, Inc. 12



VMware active participation in standardization
Shaping the future of open RAN

WGl.: Use cases and overall
Architecture

WG6: The Cloudification and
Orchestration

* Lead definition of IMS and
DMS interface to O-Cloud

WG3: The Near-real-time RIC
& E2 interface

* Lead xApp SDK/API

VMware RAN Intelligent Controllers

Cell Site
XApps XApps
Operator RAN Vendor
Non-RT
<+ Policy [

XApps XApps

VMware 3rd Party

RIC SDK & Open APIs

VMware
Distributed RIC

O\
C((o)?-—_l

Aggregation Site

rApps rApps

Operator RAN Vendor

rApps rApps

VMware 3rd Party

RIC SDK & Open APIs

d(o,?f@\j VM\{vare
Centralized RIC

standardization

Near-RT Control (E2)

Monitoring & Config (O1)

e Contribute to EA2P and
E2SM specification

mwa re® | ©2022 VMware, Inc.
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MVP-C: The Minimum
Valuable Plan for O-RAN

* Lead MVP-SMO work plan

WG10: OAM

e Contribute on rApp and
xApp config and resource
definition

WG2: The Non-real-time RIC
& Al Interface

* Contribute to Non-real-
time RIC and R1 services
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RAN Innovative powered by Cohere & VMware RIC O vodafone

Helping Vodafone to increase 2x in spectrum efficiency and 5G cell capacity

Service Management & Orchestration

((g@‘; VMware Telco Cloud Automation -

RIC/XApp OFF (( E )) Throughput
(SU-MIMO) 50 Mibps

% Commercial Handsets

Avg UE
(( D )) Throughput

50 Mbps

Near Real-Time RAN Intelligent Controller

technologies

[ cohereﬁ MU-MIMO Scheduler xApp ]

:$xxxxxxxxxxxx
:$xxxxxxxxxxxx

VMware RIC SDK

VMware Distributed RIC

4AT4R DP
Sector Antenna

=
;
:
:
;
i . RIC APIs
:
:
:
:
:

( Capgemini @b engineering J ( Capgemini @ engineering @J RIC/ XApp ON
CU-CP CU-UP DU
(MU-MIMO)

Avg UE
>> (( D )) Throughput

100 Mbps
((gﬁ VMware Telco Cloud Platform RAN

Commercial
[ D€AL R740 | Intel x86 ]-{ RU J

Links
1.  Vodafone PR
2. VMware Blog With Vodafone and partners, VMware demonstrates how to accelerate innovation in the RAN

mwa re® | ©2022 VMware, Inc.

Commercial Handsets

> Avg UE
(( D )) Throughput

100 Mbps
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Sector Antenna
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https://www.vodafone.com/news/press-release/vodafone-and-partners-boost-5g-capacity
http://: https://blogs.vmware.com/telco/vodafone-ran-partnership/
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COHERE INNOVATIONS
A Peek Under the Hood with O-RAN & Cloud




Universal Spectrum Multiplier Software

Cohere uses Delay-Doppler to more accurately model the channel to enable
~2x Spectrum Multiplier MU-MIMO gain in both FDD & TDD spectrum — for 4G,
5G and 6G (OTFS)

s

) E Cohere utilizes UL Reference Signals and DL CQI to

Transmitters & Receivers

_ Accurately Determine & Predict Channels Between

SRS Cohere channel estimation reveals all dominant
reflectors which resolves MU-MIMO challenges

Mul;i;);fir _G-e_o'n:letric
¢ommmoosmmo—-o-o-ooooooo-s Representation e T .

_ L | Software enables fully isolated, multiple beams —
: m | without the need for explicit UE feedback

By slowing down channel aging, the result is more

Time-Frequency Delay-Doppler predictable channels, improved spectrum reuse,
Channel Measurement Channel Representation
(complex) (simple) performance and capacity
Conventional Cohere’s
Approach Approach

©2022 Cohere Technologies | Proprietary
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Delay Doppler Channel Model

Predictable into the

| future (100 msec) which
Improves channel
estimation and
prediction as well as
enables disaggregation
of scheduler and other
functions

Reflector2 Reflector 1
L W ) L 1 e Ty

©2022 Cohere Technologies | Proprietary



Cohere xAPP
Cohere xAPP SubSystem

RIC SDK ]

Any Mode (FDD, TDD)
Any Generation (4G, 5G)
Any Antenna array size
Any Mobility

CLOUD AND/OR CELL SITE

Cloud Automation

. Cohere Software

Near-RT RIC

Telco Cloud

Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries.

E2

SG Core

CU RAN Server

c
DU RAN Server ores
Precoder

Telco Cloud

Cohere Software Product & Technology

Cohere software can be integrated within the DU, or can operate in the cloud as an
xApp in the near-RT RIC enabling CoMP and ICIC

]
&~

4T4R MU-MIMO
Ant/Radius Spectrum Multiplier
Any Radio Standard
Any Antenna Handsets
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Cohere O-RAN Ecosystem

POD POD

Cohere xApp Cohere xApp

Cohere xApp Subsystem Cohere xApp Subsystem
RIC SDK RIC SDK

Near-RT RIC
Telco Cloud Partner | RIC Vendor

Cloud Platform

E2 Nodes E2 Nodes

Cu/DuU

©2022 Cohere Technologies | Proprietary
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How Cohere Software Fits Within O-RAN

7.2 Fronthaul
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Value of Software Innovation

Telco Cloud RN

[ E2 to 5G NB

Universal
Spectrum
Multiplier xApp

Near-RT

FlexRAN™ NIC

- J

7.2 Split

[ ACC 100 FPGA ]
\ J
x86 Server

Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. ©2022 Cohere Technologies | Proprietary




cohere)

technologies

Path to 6G
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Telco Cloud ~ -
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~
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6G CU 5G CU
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E2 to 6G NB -
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E2to5GNB [~ — _ —
Universal - - _ -vCEZtermmatmn )
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RIC FlexRAN }
USM Support
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Thank You

Cohere Technologies VMware
Art King Yusuke Kanamori
art.king@cohere-tech.com yusukek@vmware.com

www.cohere-tech.com www.vmware.com
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