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O-RAN Architecture
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* Open Interfaces
+

* RAN Intelligent Controllers (RICs):

Non and near real-time network
control
* Abstract the network
* Allow telecom operators to
implement custom control logic
* xApps, rApps, dApps

at Northeastern

O-RAN High-level Architecture

Non-real-time RIC
+ Operations in the order of > 1s s Al/ML training ¢ Service provisioning

Ol interface Al interface 01

....................................................................

Near-real-time RIC

i E2 interface

* Operations in the order of 10ms—1s
* Control primitives for the RAN !
* Host different control applications for value-added services :

i O-CU (control plane) — : O-CU (user plane)
__________________________ s Edinterface . e
O [Ficierface | Fleuinterface
O-DU -
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L. Bonati, M. Polese, S. D'Oro, S. Basagni, and T. Melodia, "Open, Programmable, and Virtualized
5G Networks: State-of-the-Art and the Road Ahead," Computer Networks, vol. 182, Dec 2020.
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Open RAN as an Enabler for Al-based Cellular
Systems N

at Northeastern

Traffic profiles Traffic load

* Mobility patterns Forecasting Mobilit
« Anomalies . Hand0\>//er
» Qutages .

Classification

And many more....

Load balancing
Power control
MCS adaptation

« Network slicing
« Scheduling
« Beamforming



Why do we need AI/ML in O-RAN? Intormet of Things
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Control and learning objective Scale Input data Timescale Architecture Challenges and limitations
gm
N i CTTTTT T T } Orchestration of large scale
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Adapt to changing network conditions

* Hard to model otherwise

Innovate in areas dominated by heuristics

Model-free optimization

Leverage data generated in real time

S. D'Oro, M. Polese, L. Bonati, H. Cheng and T. Melodia, "dApps: Distributed Applications for Real-Time Inference and Control in O-RAN," in IEEE Communications Magazine,
vol. 60, no. 11, pp. 52-58, November 2022.



Lifecycle of AlI/ML in O-RAN IN ittt e iess
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Not ready Conti .
Al/ML Model Management ontinuous operations
P Monitoring
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* From data collection to online fine-tuning and inference

* Covers all aspects of AlOps:
* Monitor
* Engage
* Act
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Developing Open, Programmable, and
Intelligent Networks N

\/ Network slicing and scheduling @  RAN traffic steering
oo

+ scheduling Query Action

scheduling policy

Telemetry Control

Q Automation and Energy Efficiency

g AI/ML for RAN
< =
oc Control ==

Understand Al choices

dApps - closing the real-time loop in Open RAN

* Programmable elements in DUs and CUs
* Spectrum sharing, beam management, inference on user plane
* Now considered in O-RAN ALLIANCE nGRG

Scaling
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Assignment — Traffic/Slice classification TN ittt oot
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* Scenario: * Objective:
 Static dataset * Process KPMs from UEs
, * Provide a label for each entry
* 3 Slices: . :
* Correctly classify the slice
- eMBB I
° Input:
* URLLC * Single KPM entry
e mMTC * Output:
* Slice ID
UE 2 Near-RT RIC
mMTC <
Slice | i
UE | UE 3 | .
«MBB URLLC Slice classifier Slice 2

Slice 0 Slice 2




How? Dataset description N e aprine Nireless
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* Available at https://github.com/wineslab/colosseum-oran-coloran-dataset:
* CSV formatted
7 LTE base stations
42 UEs
|0 MHz (50 Physical Resource Blocks (PRBs))
3 Slice profiles:
* eMBB: Constant bitrate traffic (4 Mbps per UE)
* MTC: Poisson traffic (30 pkt/s of 125 bytes per UE)
* URLLC: Poisson traffic (10 pkt/s of 125 bytes per UE)
Scheduling policies available to each slice:
* Policy 0: Round-robin (RR)
* Policy |:Waterfilling (VWF)
* Policy 2: Proportionally fair (PF)



OpenRAN Gym TN st e wiretes
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First publicly-available research platform for data-driven O-RAN experimentation at scale

Open-source

L)
End-to-end Open RAN network E"B OpenRAN Gym

* Near-RT RIC

e E2 Interface

. open-5g/
* xApp dev kit openrangym Q’

OpenRAN Gym website

 Data collection .
GltHUb ms @0 w0 wo

*  Network Slicing

* Integration with Colosseum

Website: openrangym.com

L. Bonati, M. Polese, S. D'Oro, S. Basagni, T. Melodia, "Intelligent Closed-loop RAN Control with xApps in OpenRAN Gym," Proc. of European Wireless 2022, Dresden, Germany, September 2022



Dataset format

Ground truth!!

* KPMs and data types
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columns_list = [ /

"Timestamp", "IMSI", "slice_id", "slice_prb", "scheduling_policy", "dl _mcs",
", "tx_pkts downlink”,

"dl_n_samples", "dl_buffer [bytes]", "tx_brate downlink [Mbps]",
"dl_cqi", "ul_mcs", "ul_n_samples”, "ul_buffer [bytes]", "rx_brate uplink [Mbps]",

"rx_pkts uplink”, "rx_errors uplink (%)", "ul_sinr", "sum_requested_prbs", "sum_granted prbs"]

Legend

* |dentifiers / Info
e Actions

« KPMs

* An example

Timestamp

1617070530226

1617070530476

1617070530725

1617070630975

num_ues

7

6

6

5

IMSI

1010123456003

1010123456003

1010123456003

1010123456003

RNTI

77

77

77

77

slicing_enabled

1

1

1

1

slice_id

slice_prb power_multiplier scheduling_policy

0

di_mcs

di_n_samples

di_buffer [bytes]

tx_brate downlink [Mbps]
0.00543256

0.001824

0

0
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KPMs over time

[ )
[ °
° tx_pkts downlink Over Time for IMS|: 1010123456004
160

120

8

g

* Sanitized pickle files (train/test)

tx_pkts downlink

2

e Dataset as DataFrame :

Time [s]

* Baseline scripts to

Correlation

Correlation Matrix for Selected IMS! -
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Things to know TN psite T e reless
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* Logs start once UE attach
* No traffic at that time
* Hard to detect which slice is active as traffic is ~0
* We sanitized the dataset to remove those entries

* Some *might* still be in there occasionally

* We will not have time to create xApps

* Visit openrangym.com if you are interested in going forward with the

conversion and test them on Colosseum
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