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• Due to the growth in the use of wireless services, spectrum 
management agencies and wireless service providers are 
determining ways to establish flexible spectrum assignment 
mechanisms to respond to the growing demand for spectrum 
resources.

• Many of these mechanisms focus on moving away from rigid 
spectrum management policies and embracing dynamic spectrum 
access (DSA) and spectrum sharing.

• Next-generation wireless services and applications, including AR, 
IoT, and Smart-Cities, will increasingly rely on Dynamic Spectrum 
Access (DSA) methods enabling heterogeneous devices to share 
limited spectrum resources and coexist harmoniously



• (Data model that) 
Provides means to 
capture all the relevant 
parameters and 
phenomena that affect 
spectrum consumption 
for a device or spectrum-
dependent system

• Reference power
• Spectrum mask
• Underlay mask
• Power map
• Propagation map
• Intermodulation masks*

• Platform*
• Location
• Schedule
• Minimum power spectral flux 

density *
• Protocol or policy *

* Optional

SCM Constructs (IEEE 1900.5.2)

• Transmitter Model
• Receiver Model
• System Model

• Consists of transmitter
and receiver models that 
are part of a system

• Sets
• Collective Consumption 

Set
• Spectrum Authorization 

Set
• Spectrum Constraint Set

Types of Models Roles of Models
 Consumption

 Authorization

 Constraint

 Request

 Configuration 
Options

: Spectrum Consumption Models (SCMs)

Background: Spectrum Consumption Models (SCMs)
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Compatibility Computations

Compatibility Computations

• Constructs are a means to specify the factors that determine a link budget in all directions
• Modelers build SCMs to identify the power spectral flux density of transmissions and allowed 

interference
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Experimental Setup: COSMOS Sandbox

MIMO Rack 
24-5

MIMO Rack 
24-11

MIMO Rack 
23-5

MIMO Rack 
23-11

3 WDs (Tx-Rx pairs) were enabled. They will interfere 
with each other if on the same channel

D. Stojadinovic, P. Netalkar, C. Caicedo Bastidas, I. Kadota, G. Zussman, I. Seskar, and D. 
Raychaudhuri, “A Spectrum Consumption Model-based Framework for DSA Experimentation on the 
COSMOS Testbed”. In Proc. of the 15th ACM Workshop on Wireless Network Testbeds, Experimental 
evaluation and CHaracterization (WiNTECH) 2022



     

Experimental Setup in COSMOS testbed (2021)
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OOB Interference

OOB Interference

Fosphor visualization showing the spectrum 
occupancy when third network start operating

List of compatibility tests between WD3’s devices (Tx3and Rx3) and existing 
Tx/Rx devices

Tx2 Tx1 Tx3

Full demo and concepts video (2021):
https://www.youtube.com/watch?v=7Ra1n5cV8sw

https://www.youtube.com/watch?v=7Ra1n5cV8sw
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• Protection of passive receivers in the NOAA-CESSRST 

center at 27–29 GHz (for part of the operating band of a 
radiometer used in weather monitoring).

• Overlaps with the mmWave frequency range used in 
COSMOS and 5G

• Protection of passive receivers in the NOAA-CESSRST 
center that operate at 1.7 GHz and 7.7–8.2 GHz (for 
reception from a polar orbiting satellite)

• ….
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Device Management

Web-based SCM creation, edit, search, and 
batch import from FCC ULS.

Spectrum Coordination
On-demand and automated daily 
compatibility tests; alert generation.

Monitoring & Reporting

Map-based dashboards for device locations, 
alarms, and event logs.

Integrations
APIs to NG-Scope (LTE telemetry); 
Geo2SigMap & SDR sensors (ongoing).



ZMS – Components
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• Kubernetes cluster
• Includes load balancer / ingress 

controller
• One master node, two worker nodes

• NFS storage server
• SCM Database server

• Postgres database server with integrated GIS 
elements



Register/Add new RF devices to ZMS

View/Query/Edit RF device characteristics 

Spectrum use compatibility tests/calculations

View/Query spectrum use, interference alarms/events
Creation/Mgmt of ZMS user and organization accounts 
Experiment registration/management ?? (Future ?)



Add RF Devices

Add RF Devices
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Manage RF Devices (2)



Spectrum Coordination

Spectrum Coordination



Spectrum Reports (1)

Spectrum Reports (1)



Spectrum Reports (3)

Spectrum 
Reports (3)



ZMS – Integrations

ZMS – Integrations
NG-Scope and NR-Scope: Cellular network monitoring tools
• NG-Scope and NR-Scope make the ZMS 4G and 5G network-aware
• Upgraded NG-Scope code base to pass detected base station information to COSMOS ZMS

• Monitor base station’s spectrum use, power levels, activity, etc.
• Currently upgrading NR-Scope code base for ZMS interactions
• Ongoing tests:

• Running NG-Scope on multiple COSMOS nodes (5) simultaneously
• Detected 5+ base stations

• Conducting several 24+ hour cellular activity characterization runs
• Relaying of base station operational characteristics/activity to ZMS via periodically updated SCMs.

Integration of Geo2SigMap
• Path loss data/computations that can be incorporated into SCM propagation map constructs
• (Future) Display of propagation details/coverage in the ZMS UI

• Y. Xie and K. Jamieson, “NG-Scope: Fine-grained telemetry for NextG cellular networks,” Proceedings of the ACM on Measurement and Analysis of Computing 
Systems, vol. 6, no. 1, Mar. 2022.

• H. Wan, X. Cao, A. Marder, and K. Jamieson, “NR-Scope: A practical 5G standalone telemetry tool,” in Proceedings of the 20th International Conference on Emerging 
Networking Experiments and Technologies, ser. CoNEXT ’24. New York, NY, USA: Association for Computing Machinery, 2024, p. 73–80

• Y. Li, Z. Li, Z. Gao, and T. Chen, “Geo2SigMap: High-Fidelity RF Signal Mapping Using Geographic Databases,” in Proc. IEEE International Symposium on Dynamic 
Spectrum Access Networks (DySPAN’24), 2024.



Additional capabilities

Additional capabilities
(in development)

Antenna radiation pattern visualization 
(from the PowerMap data in an SCM)

Geo2Sigmap coverage map example



        

5G base station represented as 28 GHz mobile SDR

P. Maddala, J. Kolodziejski, A. Adhikari, K. Hermstein, D. Chen, L. Zhu, T. Chen, I. Seskar, and G. Zussman, “Demo: Experimentation with mobile 28 GHz phased array antenna 
modules,” in Proc. ACM MobiCom’24, 2024.

Generate
28 GHz Interference

Measure 28 GHz Voltage 
at Radiometer



Building an SCM for a Microwave Radiometer

Building an SCM for a Microwave Radiometer
● To protect the radiometer from harmful

interference, we will build a receiver SCM
● Minimum Constructs Needed:

○ Reference Power
○ Underlay Mask
○ Power Map
○ Propagation Map
○ Location
○ Schedule

● Experiments were conducted to gather the
information for these constructs

● Radiometer’s SCM has been registered into
the ZMS
○ Modeled several interference protection

scenarios
○ Designed experimental (on the ground)

test to validate protection mechanisms

Radiometer

Interferer

C. Caicedo, J. Doshi, et.al, “COSMOS ZMS: A Radio Dynamic Zone 
Management System Using the COSMOS Platform”, IEEE Dynamic 
Spectrum Access Networks Symposium (DySPAN), May, 2026
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This project focuses on the 
design and validation of a 
distributed and data-driven 
architecture for dynamic 
spectrum management 
among decentralized and 
heterogeneous wireless 
systems: The distributed 
data-driven spectrum 
management (D3SM) 
architecture
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Collaboratively develop and experimentally validate a distributed data-
driven spectrum management architecture that will enable dynamic, 
and fine-grained flexible spectrum management interactions for:
a) Spectrum sharing and co-existence among heterogenous 

devices/systems
b) Fine-grained management of interference, including aggregate 

interference effects to support high spectrum efficiency/reuse
c) Supporting centralized and distributed spectrum sharing 

coordination methods
d) Enabling experimental validation of methods and algorithms 

proposed to meet the previous listed goals (a) to (c).



      

From centralized to distributed spectrum use deconfliction

NSR: Node Status Request 
NSRp: Node Status Response 
UA: Unassigned
A: Assigned
ACK: Acknowledgement

26



 
    

(Preliminary results/work)
Distributed spectrum use deconfliction algorithms
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Distributed spectrum deconfliction algorithm with neighborhood distance p=200m achieves a global 
compatibility error of 0% just like a centralized algorithm would.

P. Netalkar, C. E. Caicedo Bastidas, I. Kadota, G. Zussman, I. Seskar and D. Raychaudhuri, "Scalable Dynamic Spectrum 
Access with IEEE 1900.5.2 Spectrum Consumption Models," in IEEE Journal on Selected Areas in Communications, 2025, 
doi: 10.1109/JSAC.2025.3584507



Distributed spectrum use deconfliction (1)

Distributed spectrum use deconfliction (1)
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Our development and validation of distributed spectrum 
deconfliction methods currently follows three phases:

Phase I:
- WD Neighbor determination

- Bootstrapping / Beacons

Phase II:
- Spectrum Consumption model exchange
- Spectrum Deconfliction with SCMs

Phase III
- Account/adapt for mobility and/or propagation 

changes

Message exchanges/interactions take place in the control 
plane of the architecture

Note: For any particular WD, the Beacon transmission 
range > RF device tx range



Experimental Testing and Validation

Experimental Testing and Validation
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Case 1: WDs are Wi-Fi 
based systems
Case 2: WDs are O-RAN 
based cellular networks
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Conclusions
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• The COSMOS testbed provides a realistic, reconfigurable environment for DSA research — from 
controlled sandbox experiments to rooftop mmWave deployments — enabling SCM-based 
coexistence methods to be validated experimentally, not just in simulation.

• Built on COSMOS, the Zone Management System (ZMS) turns IEEE 1900.5.2 SCMs into a 
deployable, cloud-native coordination platform with device management, automated compatibility 
testing, interference alarms, and map-based monitoring.

• COSMOS resources let the ZMS protect real incumbents — the NOAA-CESSRST passive 
receivers, including the 27–29 GHz radiometer overlapping COSMOS/5G mmWave bands — 
using receiver SCMs built from actual field measurements.

• COSMOS's programmable nodes and SDRs enable realistic DSA integrations: NG-Scope for live 
4G/5G base-station awareness, mobile 28 GHz phased-array SDRs to emulate 5G interferers, and 
Geo2SigMap for high-fidelity path loss in SCM propagation maps.

• The platform also supports the shift from centralized to distributed spectrum use coordination with 
COSMOS assisting in the design and validation of distributed spectrum deconfliction algorithms.



Contact information:
Carlos E. Caicedo Bastidas : ccaicedo@syr.edu
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