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WAY BACK IN 2016 ...

| WAS ACTIVELY INVOLVED IN CROSS LAYER WIRELESS RESEARCH

* FULL DUPLEX, NETWORK CODING, COEXISTENCE, INTERFERENCE CANCELLATION, ETC
* |IMPACT ON PRACTICE WAS LIMITED BEYOND FULL DUPLEX

*  MOST ACADEMIC RESEARCH WAS ON WIFI WHILE THE DOMINANT MODE OF MOBILE CONNECTIVITY
IS CELLULAR WIRELESS

*  WHAT WE SET OUT TO DO: HOW CAN WE TRANSFORM THE CELLULAR NETWORK ARCHITECTURE
TO BE MORE OPEN TO INNOVATION@

o SELFISHLY, HOW DO WE FIND A WAY TO TRANSFER OUR RESEARCH TO PRACTICE?
* FOUNDED XRAN FORUM IN 2016 WITH AT&T, TMOBILE AND SK TELECOM

« XRAN = O-RAN ALLANCE IN 2018, A GLOBAL BODY TO DEFINE DISAGGREGATED
CELLULAR RAN



OPEN RAN IS ALREADY TRANSEFORMING 5G ROLLO

DISH commits to Open RAN for US 5G rollout, enters
retail mobile market
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Rakuten Mobile claims 5G open RAN breakthrough
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The new RRH can support a wideband channel of 100MHz, deliver up to 1.7 Gbit/s

throughput, and allows digital beamforming. Oh, and it weighs less than 22Kg
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CURRENTLY RADIO
ACCESS NETWORKS ARE
CLOSED, INNOVATION IS
SLOW

*  CHALLENGING TRANSFORMATION OF RAN TOWARDS
CLOUDIFIED AND SOFTWARE-DRIVEN DEPLOYMENT AND
OPERATIONS

*  LIMITED PROGRAMMABILITY = LOW FLEXIBILITY FOR 5G
NEW SERVICES INTRODUCTION

*  VENDOR MARKET RELATIVELY CLOSED (3 MAIN VENDORS),
EVEN WITH RAN DOMINATING OVERALL NETWORK CAPEX

¢ LIMITED INNOVATION



DISAGGREGATED O-RAN ARCHITECTURE

Standardized Northbound Interfaces

Standardized Southbound Interfaces
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MODULAR RAN INFRASTRUCTURE WITH OPEN INTERFACES
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EXISTING RAN CONTROL PLANE

VERTICALLY INTEGRATED, VENDOR SPECIFIC



NEXT GENERATION RAN —DECOUPLED CONTROL

Standardized Northbound Interfaces

Standardized Southbound Interfaces

5G (NR)
Modular
Virtualized




RADIO ACCESS NETWORK CONTROLLER ARCHITECTURE

Key Requirements

Ingest operator policies and NB|
application intents

Admission Control Mobility
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QoS Manager Slice Manager
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RAN PROGRAMMABILITY: CONITROLLER XAPPS

Smaller players can provide “xApps™for RAN:to:create new or.improved service capabilities

OBSERVABILITY XAPPS MONETIZATION xAPPS

KEY XAPP CATEGORIES

]
]
:
Device 3D Interference ; Dynamic QoE/QoS
i i : : _
Location Detection ! Network Slicer Optimizer xApp Category | Need Need
) control northbound
Connectivity : Traffic Steering access? access?
Prediction : (SDWAN) X
| Utility No No
.............................. Jommemmecmcccmcccccccccaeccaeaa-.
UTILITY XAPPS E RRM XAPPS RRM Yes No
- / Load Spectrum .
!
Mobility BLER | Balancer Selector Observability | No Yes
Predictor Predictor .
: ERdBI 't"JLEJ'PM'!V'O Optimization | Yes Yes
Channel Interference - SOERI EF alrer
Predict : [ MIMO MCS
HECICtor Detection E Precoder Selector

« Better mobile user experience.

D oo powertulservice
capabilities.
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CONCLUSION: OPEN RAN & CALLTO ARMS

DECOUPLED CONTROL PLANE IS MAKING THE RAN PROGRAMMABLE = OPPORTUNITY FOR
WIRELESS SYSTEMS ACADEMIA & STARTUPS TO PUSH CROSS LAYER RESEARCH INTO PRACTICE

OPEN RAN BENEFITS:

MODULARITY REDUCES BARRIER TO ENTRY FOR SMALLER VENDORS; CAN PROVIDE SMALLER SPECIALIZED
FUNCTIONS INSTEAD OF A GIANT MONOLITHIC STACK

MORE COMPETITION LEADS TO MORE AND FASTER INNOVATION; OPEN RAN IS EXPECTED TO INTRODUCE
NEW SERVICE CAPABILITIES LIKE NETWORK SLICING, 4G/5G SPECTRUM SHARING, TACTILE INTERNET AND
MASSIVE [OT

DECOUPLING SOFTWARE AND HARDWARE ENABLES SOFTWARE-DEFINED AND CLOUDIFIED RAN

CLOUD-RAN LEADS TO BETTER UTILIZATION OF COMPUTE & SPECTRUM RESOURCES; LOWERS CAPEX



