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Rimedo Labs I;

N\
Spin-off at Poznan University of Technology in Poland

\
Established in 2020

Core competences: Applied Research, Consulting, Training (e.g., O-RAN System
Training) and Technical Content Delivery

‘ Areas - regular networks domain: regular networks (LTE, 5G, 6G, loT, Wi-Fi)

Areas — subject matter: spectrum sharing and management (CBRS), RRM, Al for
wireless systems, private mobile networks, V2X

/

Strategic goal: xApp development




Use Case Selection
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O-RAN Use Cases

Phase |

J-RAN

A L L I A N € E

Low Cost RAN Whitebox Hardware (Impacted:

O-DU, O-RU)

Traffic Steering (Impacted: Non-RT RIC,
NRT RIC, O-CU)

QoE Optimization (Impacted: Non-RT
RIC, nRT RIC, O-CU)

Massive MIMO Optimization (Impacted:

Non-RT RIC, nRT RIC, O-CU)

QoS Based Resource Optimization (Impacted:
Non-RT RIC, nRT RIC, O-CU)

Based on: O-RAN Alliance WP (O-RAN Use Cases and Deployment Scenarios)

Phase I

ORAN

Al L L I A N € E

[

RAN Sharing (Impacted: Non-RT RIC, nRT RIC,
O-CU, O-DU)

RAN Slice SLA Assurance (Impacted:
Non-RT RIC, nRT RIC, O-CU, O-DU)

Context Based Dynamic Handover
Management for V2X (Impacted:
Non-RT RIC, nRT RIC, O-CU)

Flight Path Based Dynamic UAV
Resource Allocation (Impacted: Non-RT
RIC, NRT RIC, O-CU)

Radio Resource Allocation for UAV

Applications (Impacted: Non-RT RIC, nRT RIC,
O-CU)
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O-RAN near-RT RIC — Internal Architecture

Based on defs from: O-RAN Alliance Specifications

SMO

Non-RT RIC

: : near-RT RIC
Al Termination

XApp 1 XApp 1

Messaging Infrastructure

Conflict XApP Mgmt

Subscription
Mgmt

Security

Mitigation services

Shared Data Layer

Database E2 Termination

E2 Node(s)
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O-RAN Traffic Steering Use Case
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O-RAN Traffic Steering — Use Case Description

((A))

[

Challenge:
Typical TS mechanisms:
+ use radio conditions of cell by treating all UEs in the same way with average

values,

+ are limited to adjusting the cell reselection, handover parameters, cell priorities.

\,
( ) Aims/Objectives:
A « Customization of UE-centric strategies and proactive optimization by predicting
network condition
TS — directs traffic - Allow operators to specify different objectives for traffic management: by optimizing
to specific cell(s) the network/UE performance, achieving balanced cell load, etc.
+ Allow operators to flexibly configure desired optimization policies, utilize right
performance criterig, leverage ML to enable intelligent and proactive TS control.
\ J
4 )
Realization: Required data:
« RIC to control the adaptation of diverse scenarios and objectives. « Measurement reports - RSRP/RSRQ/CQI of serving and neighbor cells, cell quality
+ Non-RT RIC and nRT RIC control TS strategies through Al/ML learning thresholds, measurement gaps on per-UE/layer/freq basis, etc,,
from data collected by O1 I/F from O-CU and O-DU « Connection and mobility/HO stats - indication of successful and failed HOs, etc.,
. Cellload stats — # active users/connections, # scheduled active users per TTI, PRB
utilization, etc,,
+ Per UE performance stats — PDCP thrpt, RLC/ MAC latency, etc.
\ V.

\.

Based on: O-RAN.WG2.Use-Case-Requirements-v02.00
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O-RAN TS Use Case — Node Responsibilities I,

- Defines and updates policies - to guide the behavior of TS xApp in NRT RIC (e.g. optimization objectives to
guide carrier/band preferences for UE/UE-group)
i - Performs statistical analysis to provide enrichment info for nRT RIC to assist TS function (e.g., RF fingerprint
based on UE meas. report like RSRP/RSRQ/CQI info for serving/neighboring cells)
Non-RT RIC + Comunicates policies and enrichment info (e.g. RF fingerprints) to nRT RIC & measurement configuration

parameters to RAN nodes.

« Al policy — declarative policy to enable Non-RT RIC to guide nRT RIC on steering the behavior of RAN fcns
towards stated objectives

« Alenrichment info — additional info used by nRT RIC collected at SMO/non-RT RIC from non-network data
or from NFs

* Interprets and enforces policies from Non-RT RIC
near-RT RIC + Uses enrichment info to optimize control function, e.g., NRT RIC can use RF fingerprint to predict inter-freq
cell measurement based on the intra-freq cell measurement to speed up TS reduced signaling overhead

+ Control messages

« Collects and transmits data with required granularity to SMO over Ol
+ Executes actions

rimedolabs.com
Based on: O-RAN.WG2.Use-Case-Requirements-v02.00



Al: TS Policies

Non-RT RIC

neadar-RT RIC

Based on: O-RAN.WG2.AIAP-v02.00

B.1.3 Traffic Steering Preferences

PolicyTypeld: ORAN_ TrafficSteeringPreference 101

"Sgchema": "http://json-schema.org/drafc-07/schemag",

"description": "0O-FAWN standard Traffic Steering Preference policy™,

"type": "cbject™,
"propercies": |
"scope": {
ManyOof™: [
{
"type": "object",
"properties™: {
"aeId": {"type": "string™},

"gliceId": {"type": "number"}, .
"gosIdm: {"type": "number"}, .
ToellId™: {"Cype": "number™} .
br
"additicnalProperties": false,
"regquired": ["ueId"]
b

"type": "object",

"properties™: {
"3liceId": {"type": "number™},
"gosIdm: {"type": "number"},
ToellId™: {"tyvpe": "number™}

be

"additicnaelProperties™: false,

"regquired": ["sliceId™]

Policy can relate to:

Single/group UE ID
Slice ID
QoS ID
Cell ID

"tzpRegources": {
Ttype": "array",
T"items": {
"type": "ocbject",
"properties": {
"cellIdlist™: {
Ttype": "array",
"Tminltems™: 1,
"unigueltems": true,
"items": {

"Lype": "string"

by

"preference™: {

"type": "string®,
"enum": [
"SHLLL",
"PREFER", .
e.g. which cell shall
"RVOIDY, be preferred
"FOREID"

ba
"primary": {"type": "boolean™}
b
"regquired": ["cellldList", "preference™]

"additionalProperties™: false

Yr

"minItems": 1

e

"additionalProperties": false,

"required"™: ["acope™, "tspResources"]




Al: TS Policies Examples

B.2.3 TSP : . .
B.2.3.2 Traffic steering per-slice

B.2.3.1 Traffic steering per-UE {

"zoope: |
1 "slicelId": "11",
"soope": | "gogId": "&7"
SMO "neId™: "H55" i-
Non_RT RIC . "tapResources": |
"tapResources": [ {
{ "oellIdTist™: [
"cellIldList™: [ "S5,
"3gn, "as"
"4n" 1,
near-RT RIC 1. "prefersnce": "SHALL"
"preference": "PREEFER" 1,
be {
f "cellldList™: [
"eellIdList™: [ ngym,
neLt, mo2n,
AT —_—
e 1,
e "preference”: "AVOID"

"preference": "FORBID"

rimedolabs.com
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Traffic Steering Example Implementation
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Scenario

Cell 1
(freg2)

Cell 3
(freq4)
gNB
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Architecture

Cell O Cell1

Cell
Association

Actual Traffic

Steering

XApp

Cell 2

Small Cells

Cell 3
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Cell Association xApp Operation
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1 p011c1es
! ! 2 = dd:
Ce” ASSOCIOtIOn XApp BT e
- name: defaultPolicySet
5] rules:
6 - user_ type id: ©
7 cell type id: 1 gE{ES
# IN: 8 preference: DEFAULT
# - ue_rx_power - [no_of cells, no_of UEs] - received power for each UE from each cell [dBm] 9 - user_type_id: 1
# - cell cre - [no_of_cells] - CRE value set for each cell [dB] 10 cell type id: | Pico .
# - cell class - [no_of cells] - class of each cell [index] ié L:_I ..... . dprtlaferenceDEFAULT ......... ;
3 Zf= LQa L
# - ue_cl?ss. - [rjo_of_UEs] - clafss of each UE [1n(?ex] o . 13 | i;ﬁé'i'f"af'ffc')'ﬂf) ....................... E
# - association_policy - [1] - object of class: PolicyAssociation (selected policy) 14 name: offloadingPolicySet
# 0UT: 15 rules: :
# - association - [no_of UEs] - association table with indexes of selected cells 16 B - user type id: 0 VS
17 cell type id: |
S | preference: AVOID
19 & - user type id: | WAL
Vendor One Vendor Two 20 cell_ type id: 1 WHMES
B . crotercuoh: BRERER
POLICY WEIGHT = { POLICY WEIGHT = { 22 = 3as &
~DEFAULT™: @, “DEEADLT": B, 23 ....I.a.b.é.l....SEPA.RATE........T ............
"PREFER": 16, “DREFER": 18 24 name: separatingPolicySet :
= = 2 25 rules: :
AVOID™: -18, “AVOID™ : @, 6 - user_ type id: 0
"SHALL": lees, "SHALL": 1@ee, 27 cell type id: | @M :
"FORBID": -1868 "EORBID™: @ 28 preference: FORBID :
1 1 29 — user type id: 1
30 cell type id: | Pico :
S preference: SHALL :
L s NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEE "

I ° rimedolabs.com



INnitial Simulation Results — Reference
Scenario (Local)
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Simulation Results — Association Map

Policy: 'Default’

Voice UE MBB UE
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200 200

y location
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x location x location
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Simulation Results — Association Map

Policy: "Offload”

Voice UE MEB UE
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Simulation Results — Single Shot Performance
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Simulation Results — Single Shot Performance
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RANSIM and SD-RAN Implementation

N
V) @
=o-=Rn

r’ NMMEDO
@ LABS rimedolabs.com



Open Networking Foundation u(;“r_i
SD-RAN Project

O-RAN Architecture

A near real-time RIC (RAN Intelligent Controller) is

integral to the O-RAN architecture. The nRT-RIC Non-RT-RIC

supports xApps responsible for advanced functions (like

handover) that historically have been opaque vendor
proprietary functions embedded in the base stations.

Policy Apps

The SD-RAN project is building an open source nRT-
RIC and exemplar xApps to accelerate the adoption
of the O-RAN architecture and the availability of

interoperable O-RAN components.
Mobile Core
Control Plane

Mobile Core
User Plane

26



Open Networking Foundation oS-

SD-RAN Project

HONOS RIC

At the heart of ONF’s SD-RAN architecture is the
HONQOS RIC, based on ONOS, the leading open
source SDN control plane for operators.

Al 01

2 z
a

< <
s [y
= S

ONOS RIC is a cloud-native, carrier-grade £-SDN
controller that enables:

xApp APls

| cottcaenty | aawcena | w1 f o1 |
HONOS RIC

B

« Ease in scalability

+ High performance

« High availability

« Support for multi-vendor equipment

The pONOS RIC uses a microservices architecture Mobile
it-that includes the following elements: Core CP

Certificate Manager

Topology Manager RU Mobile
Core UP

Configuration Manager

RAN Control Manager
Distributed Store



RANSImM-based Implementation

MLB . API ]
& = | m TS XApp

oM
KPImon PCI
SD-R@F FB- KPImon fb-ah xApp XApp }[ XApp YAM L
! py-SDK il go-SDK r POIle

i secminsncoain i, ! e : File

onos-topo ; """""""""" : [ onos-config ]
(R-NIB) 7. g ¢

.| onos-uenib

[ onos-exporter ] e 8
label: OFFLOAD

R rules:
: : : : - user_ type id:
cell type_id:

preference: AVOID

A
e DCUCERER : - user_ type id:
cell type id:
— E2AP 1.0.1 over preference: PREFER
Helm ASN.1/SCTP
KPM 2.0.3 SM ) RC-PRE 2.0 SM
E2 Agent ("E2 Agent(s) | kPM 203 SM
UE
sim DU / CU (OAl) SD-CORE RANSIm e
(OAl) (4G Core)
: : A : - MBB 52.396926
© © RRM 2 Y
_ 1 I|brary Honeycomb pC| /OICE 52.384576
SD-RAN V12 (July '21) s |E - o
: 52.38456

r: SD-RAN in a Box

Rimedo
Portal

atomix o) |- D e .
: ____________ Z : 2 : name: offloadingPolicySet
[ﬁ | : 5 ;

Longitude
16.854935
16.850479
16.891407
16.945089

16.918695

RIMEDO xApp Portal

admin

rimedolabs.com
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Future Directions
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What's Next I.

N\
Prospective tighter integration with
SD-RAN
. &
r: Implementation of advanced TS oM

(including RRM and SM)

SD-)RAN
Other XApps

rimedolabs.com

Based on: O-RAN Alliance WP (O-RAN Use Cases and Deployment Scenarios)



Traffic Steering Use Case — Adding More xApps

XApp
Resource
Allocation

XApp

]
c
S £
gl )
[OIN©))
O O
O C
280

=

() ()

Macro-gNB Small Cell-gNB

Cell 0 I Cell1 Cell 2 Cell 3 Cell 9
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O-RAN Use Cases I.

Low Cost RAN Whitebox Hardware (Impacted:
O-DU, O-RU)

RAN Sharing (Impacted: Non-RT RIC, nRT RIC,
O-CU, O-DU)

Traffic Steering (Impacted: Non-RT RIC,

RAN Slice SLA Assurance (Impacted:

NRT RIC, O-CU) Non-RT RIC, nRT RIC, O-CU, O-DU)

( (
Phase | Phase ll | o o e o e e e e e e e e e e = -
: |
(™ -R AN QoE Optimization (Impacted: Non-RT (™ _R AN Context Based Dynamic Handov.er I
| RIC, NRT RIC, O-CU) Management for V2X (Impacted: |
ALLIANG E ! ! ALLIANGC E Non-RT RIC, nRT RIC, O-CU) :
________________ -

D L S — S \

Flight Path Based Dynamic UAV
Resource Allocation (Impacted: Non-RT
RIC, NRT RIC, O-CU)

!
Massive MIMO Optimization (Impacted: I
Non-RT RIC, nRT RIC, O-CU)

|
_

Radio Resource Allocation for UAV
Applications (Impacted: Non-RT RIC, nRT RIC,
O-CU)

QoS Based Resource Optimization (Impacted:
Non-RT RIC, nRT RIC, O-CU)

rimedolabs.com
Based on: O-RAN Alliance WP (O-RAN Use Cases and Deployment Scenarios)
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Using O-RAN Approach I,

Various xApps implemented (TS, SM, RA) in the reference — local — symulator

TS implemented in SD-RAN 1.2 environment

O-RAN

Full integration with SD-RAN necessary

New xApps development

rimedolabs.com
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