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Colosseum and Open RAN
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* |deal environment to develop Al-driven solutions for Open RAN

2 [1] L. Bonati, S. D’Oro, S. Basagni, and T. Melodia, “SCOPE: An Open and Softwarized Prototyping Platform for NextG Systems,” in Proceedings of ACM MobiSys, June 2021
Repository: https://github.com/wineslab/colosseum-scope



A practical example: QCell [1]

Coordination

* QCell:
* Data-driven control framework for Open RAN /\
* Al-based control: .: .
* Deep Q-Learning Control
<<«§>) () (@)
* Prototype:

e At-scale on the Colosseum testbed:

+ 3 interfering Base Stations (BSs) [ [ ] ] [ ] ] ] ]

* 22 User Equipments (UEs)
* Open RAN through SCOPE

* Network slicing

* Scheduling policies

* Al-based multi-cell coordination

‘ \ ‘ Institute for the Wireless
[I] Casasole, B., Bonati, L., D’Oro, S., Basagni, S., Capone, A., & Melodia, T. (2021). QCell: Self-optimization of Softwarized 5G Internet of Thlngs
3 Networks through Deep Q-learning. IEEE Globecom 2021. at Northeastern



QCell Architecture

* Distributed multi-agent DRL
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QCell DQN Agent

I 5
- Q
Agent = :
 Two encoders S :
I -
* Reward calculator = |
= (O
- DQN e E
= i
: 8 Action, a, g
O T4 | 7T Bs protocol Stack 12 .
s e (et | lf |
Encoder A: e - il G 5|,
: 3| Saf I | % | PDCP % i
 Low resolution state Sk - B sslE [=pre—12 | (=],
: el S T fa
° 1= (@] I (@) !
Used for cooperation 5 'S =R VAC i
6| &, < PHY L
i b L 1 I : l
| - TTTTTmTTmmmmmmmmmmm et !
Encoder B: l
* High resolution state
e Used for control of each base station b l Institute for the Wireless
Internet of Things

at Northeastern



BS Connector and Protocol Stack

BS connector exchanges:
 Low-resolution State
e Rewards

BS Protocol Stack

@ [ ppcp

MAC
PHY

BS protocol stack:
* Implements the softwarized base station

e Uses SCOPE
* Data collection o To Other BSs

BS Connector

From Other BSs

I
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QCell Example

|. Read local state

2. Encode and share state

3. Receive state from neighbors

4. Compute reward

5. Feed reward and state to DON T ﬁTb'dt'h'e'r'B's's""""""""""

From Other BSs

Institute for the Wireless
Internet of Things
at Northeastern

6. Compute new action N



QCell Prototype

Massive Channel ToIIIIiIis g
Emulator (MCHEM)

* Implemented on the Colosseum

* 3GPP-compliant BSs and UEs w/:
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QCell Prototype — Action Space

Setup:

* 2 slices U7
I 50%
* 3 scheduling policies 2 50%
. 3 25%

* Round-robin
4 25%
* Waterfilling 5 25%
| | 6 75%
* Proportionally fair . 759,
8 75%

Fraction of
Resource Blocks
(Slice 1)
0
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Resource
Blocks (Slice 2)
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50%
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75%
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N

Scheduling
Policy

Round-robin
Waterfilling
Proportional
Round-robin
Waterfilling
Proportional
Round-robin
Waterfilling
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QCell Training

1400 8 Hyperparameter
1200 6r Minibatch size 32
4 -
1000 Replay memory size 10000
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* Training session = more than 150 hours of experiments value for
Final exploration 10000
iteration

* Average loss values decreases over time

* Reward increases until convergence
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QCell Testing (average over ~17h tests)

232 _

g 5L E 150

S w/o QCell, average g w/o QCell, average
o 2.8 —#— w/o QCell, best -:g 146 ¢ —#—w/o0 QCell, best i
cg” 26l —e—w/ QCell | D —o—w/ QCell

= 9 x

=24+ | £

X =

£ =

z 2.2 1 (@]

= ()]

§ 2 - . ‘ A

o
N}

4 6 8
Time [minutes]

Time [minutes]

11.9% smaller buffer
37.6% more throu gh » ut N Institute for the Wireless

Internet of Things
I I at Northeastern



Other Applications

* Federated learning

* Distributed RAN optimization

* Interference control

* Mobility prediction
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