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Cellular Networks are Evolving Fast. Six Acts

I Open RAN The network is software.

II Programmability The network is a control system.

III AI-RAN Shared compute, many narrow controllers.

IV Cognitive base station The base station senses, learns, and serves.

V Autonomous networks One reasoner above many controllers.

VI Self-synthesizing The network builds itself.



The Intelligence Orchestration Problem
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AgentRAN - Hierarchical AI Agents for RAN Control
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AgentRAN – Multi-Agent LLM-based Optimization

• Fixed Wireless Access

• MTC slice: CCTV camera

• Initially: fair allocation

• Emergency: prioritize CCTV

• Back to normal: energy harvesting, save CCTV energy



AgentRAN – Multi-Agent LLM-based Optimization



A C T  V I

Self-Synthesizing Networks

The network builds itself.



Off-the-shelf LLM agents do not close that gap

• They fail on RAN

• Context exhaustion

• Mis-read specs

• Simulation breaks on OTA

RAN R&D is Slow - LLMs Alone Won't Help

Typical RAN R&D cycles:
• Synthesize  features from specs/papers into production code
• Test  conformance and interoperability across vendor stacks
• Harden  against field anomalies and deployment diversity
• Optimize  with data-driven policies (schedulers, mobility, …)
• Discover  novel waveforms, functionalities, capabilities for 6G
• Secure  the stack and identify vulnerabilities

Each one can take months
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Analysis on first authored->merged on open-source 5G RAN stack

After Claude Code claimed to have implemented and triggered 
a conditional handover…

A second attempt claimed success but used the traditional handover 
pipeline



Critical Insights

Need for closed-loop approach: reason, act, test - and repeat

Multiple testing options, but the tests need to be ultimately grounded on real-
world systems

Need to leverage state-of-the-art agentic frameworks and LLMs

Need to enable matching between agents and LLMs fit for each task
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GENESIS Design: Agents - Skills - Hooks

AGENTS
Autonomous specialists that reason, plan, make decisions

A persona with domain expertise that reasons over 
ambiguity
Invokes skills or delegates to sub-agents
• Stateful reasoning
• Decision authority
• Domain constraints
• Hierarchical

GENESIS EXAMPLE
An orchestrator agent plans a 3-step pipeline; a gNB agent
delegates the patch to a skill.

SKILLS
Deterministic procedures that execute a well-defined task

Structured recipe (SKILL.md) of inputs, steps, and expected 
outputs
• Deterministic and composable — same inputs, same steps 

every run
• Parametrized
• Specific responsibility scope
• Self-validating

GENESIS EXAMPLE
“/oai/build” compiles OAI for a profile; 
“/rfsim/experiment/run” runs build → deploy → configure 
→ test → collect.

HOOKS
Pre/post agent actions that trigger specific procedures — observability, gates, and side effects bound to events

Enable a composable, portable agentic RAN R&D system



• SYNTHESIZE
• A spec–to–code pipeline

• TEST
• Regression-grade conformance testing 

against system and standard spec-s
• HARDEN

• Bug - fix loop (anomaly à validated 
patch)

• OPTIMIZE
• Data – driven adaptation and sim-to-

real transfer 

• DISCOVER
• Research hypothesis to implementation

• SECURE
• Adversarial security analysis

R&D Bottlenecks to GENESIS Capabilities
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• Plays three roles
• Source of ground truth
• Recipient of generated 

knowledge
• Cross-capability substrate

• Ingests
• 3GPP and ORAN spec-s
• Research papers
• Experiment artifacts

• Closed-loop between agentic 
playground and knowledge base

• Ontology
• The graph is based on a telco-

specific ontology

SYNAPSE: The Knowledge Base



• AI Agents à GENESIS 
specialists
• RAN, DevOps, UE, 

Radio, Emulation, 
Testbed
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continuum
• SIMU à EMU à OTA

The Agentic Testbed

Substrate Layer - Testbeds and Infrastructure

AI Accelerators - Connectivity - Radios

X5G Infrastructure Colosseum Data Center

Testbed Network

DevOps
OpenShift
specialist

RAN
OAI / Aerial

specialist

Radio
specialist

UE
COTS + 
softUE

specialist

Testbed
X5G

specialist

Emulation
specialist

Virtualization - OpenShift - Automation - LLM serving - Monitoring

Software Stacks
Micro services, 
multi vendor Core CU

DU
DU

RIC/SMO
UE

Validation Tier
Operational modes 
for the RF channel

SIMULATION EMULATION OVER-THE-AIR

GENESIS
Agents



Demo



SYNTHESIZE Capability: Specs to Tested Code - KPM
Use case and prompt: Implement the KPM measurement RRC.ConnMean using synthesize capability. You can find more 
information in TS 28.552 and O-RAN.WG3.E2SM-KPM. 

3GPP: definition and collection of metric O-RAN: exposure over E2 
with E2SM KPM
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IMPLEMENTATION_PLAN. Continuing with the example
of KPM features, CODEANALYZER queries two subagents,
i.e., KPM-Implementer, which classifies the KPM into
one of four canonical O-RAN patterns (instantaneous scalar,
cumulative counter with delta, ratio/percentage, histogram with
label bins), and a KPM-E2Advertiser, which is responsible
for the identification of the fields necessary to the E2 Setup.
The plan is gated by human approval before the next step.

(3) CODEWRITER implements the change. A RAN spe-
cialist agent drives the compile and build skills, iterating
against the compiler log until success or a bounded retry budget
is exhausted; each specialist verifies its own changes before
the next begins.

(4) TESTRUNNER validates the implementation along the
three-tier continuum of Sec. V-D (RFSIM, then channel
emulation, then OTA on X5G), reusing the same branch,
configuration template, and skill set at every tier.

(5) ANALYZER is a generic metric extractor: given a list of
metrics (name, extractor, aggregation, threshold) and a report
path, it parses TESTRUNNER’s artifacts into a pass/fail verdict
and a structured findings report.

(6) INGEST closes the knowledge loop by staging every
pipeline artifact (code diff with spec-to-code traceability map,
logs, E2 trace, ANALYZER verdict, Gatekeeper signature) into
SYNAPSE, after a human approval gate. Future runs retrieve
these artifacts through the same synapse-retrieve skill
used at SPECANALYZER time.

Two boundaries deserve emphasis. SYNTHESIZE is not a
drop-in replacement for an engineer. Its goal is to reduce
the marginal cost of adding a feature from weeks to hours,
while keeping a human reviewer at the points where judg-
ment matters: initial specification fields, stage failures, and
ingestion. SYNTHESIZE is also not a monolithic LLM prompt:
each stage is owned by a distinct agent or skill, can be
inspected in isolation, and can be replaced (e.g., swapping
the KPM-Implementer for a different codebase) without
disrupting the rest of the pipeline. Two end-to-end case
studies for SYNTHESIZE (an E2SM-KPM measurement and
a cross-stack Conditional Handover with E2SM-RC xApp)
are presented as qualitative results in Sec. VII and Sec. VIII.
Other capabilities are implemented according to the same logic,
keeping the separation between steps (as shown in Fig. 2) and
human reviews to avoid hallucinations.

VII. CASE STUDY 1: MEASURING AND REPORTING KPMS

We demonstrate GENESIS on three use cases. For each one,
we declare success when the pipeline runs to completion under
a single natural-language prompt with the human reviewer
accepting at the documented gates, the synthesized code
compiles and passes the milestone sequence on every targeted
tier, and the ANALYZER-emitted verdict matches the acceptance
criteria distilled from the specifications. In the following three
sections, we discuss each use case, including results that
validate the output of the GENESIS pipeline on the use case.
The GENESIS pipeline itself is evaluated in Sec. X.

For the first use case, we prompt the system to implement
the RRC.ConnMean KPM, including its computation in the

TABLE IV
SUMMARY OF THE RRC.CONNMEAN MEASUREMENT USED IN CASE A.

Property Value

Description Mean number of users in RRC CON-
NECTED mode per NR cell during the
granularity period

3GPP reference TS 28.552, clause 5.1.1.4.1 [18]
O-RAN reference O-RAN.WG3.E2SM-KPM [60]
Collection method SI (sampling + arithmetic mean)
Data type Single integer
Measured object NRCellCU
Applicable node types ngran_gNB, ngran_gNB_CU
KPM report style [59] Style 1 (E2 Node Measurement)
Action / Indication formats [59] Format 1 / Format 1

Implement the KPM measurement RRC.ConnMean
using synthesize capability. You can find more
information in TS 28.552 and O-RAN.WG3.E2SM-KPM.

Listing 2. End-to-end SYNTHESIZE invocation for Case 1.

(2) CodeAnalyzer*
IMPLEMENTATION_PLAN : Style 1 cell-level read path, gNB-CU-CP meas. advertisement

(3) CodeWriter
targeted edits to OAI RRC, E2AP/KPM…

(4) TestRunner*
Rfsim 4-UE up/down, OTA with Sierras. ”xApp: Format 1 indications at 1000 ms gran..”

(5) Analyzer
“RRC.ConnMean tracks ground truth at 7/7 transitions.” Data analytics, insights.

(6) Ingest
spec + plan + code diff + logs + trace
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Fig. 5. Per-stage SYNTHESIZE pipeline trace for Case Study 1 and the
RRC.ConnMean-specific artifact each produced. Stages marked by an asterisk
require a human approval.

protocol stack and exposure over the O-RAN E2 interface. It is
the simplest of the three GENESIS use cases in this paper: two
specifications (one 3GPP, one O-RAN), one OAI subsystem
(the measurement collector), leading to an O-RAN control-
plane addition in which the gNB reports a new value but
nothing reaches back into the radio stack.
RRC.ConnMean measures the mean number of users in

RRC CONNECTED mode (i.e., users with an active control-
plane association to the cell) per NR cell, averaged over
a configurable reporting period. Its definition spans two
specifications: 3GPP TS 28.552, clause 5.1.1.4.1, which defines
the measurement semantics (description, collection method,
data type, measured object, applicable node types), and O-
RAN.WG3.E2SM-KPM [60], which defines the reporting
envelope (report style and action/indication formats) used
to expose it over the E2 interface. Both are summarized in
Table IV. The user-side invocation is a single natural-language
prompt to the orchestrator (Listing 2).

Pipeline trace: Figure 5 summarizes the per-
stage trace for this case. SPECANALYZER writes
/specs/RRC_ConnMean.md grounded against TS 28.552.
CODEANALYZER dispatches KPM-Implementer, which

(2) CodeAnalyzer*
IMPLEMENTATION_PLAN : Style 1 cell-level read path, gNB-CU-CP meas. advertisement

(3) CodeWriter
targeted edits to OAI RRC, E2AP/KPM…

(4) TestRunner*
Rfsim 4-UE up/down, OTA with Sierras. ”xApp: Format 1 indications at 1000 ms gran..”

(5) Analyzer
“RRC.ConnMean tracks ground truth at 7/7 transitions.” Data analytics, insights.

(6) Ingest
spec + plan + code diff + logs + trace
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Fig. 6. Time series plot of RRC.ConnMean. The trace climbs 0-1-2-3 as
UE 1–UE 3 attach, falls back to 1 as UE 2 and UE 1 detach, recovers to 2
when UE 4 attaches, and falls again to 1 when UE 3 detaches and matches
the hand-computed ground truth (the number of active nr-uesoftmodem
processes shown in the bottom panel) at every one of the seven transitions
within one granularity period.

classifies the target as a snapshot value reported per cell at each
tick (the simplest of the four canonical measurement shapes
the implementer recognizes), and KPM-E2Advertiser,
which extends the list of measurements the gNB advertises
when it first joins the RIC. CODEANALYZER emits an
IMPLEMENTATION_PLAN, and the session pauses for user
approval. On approval, CODEWRITER applies the plan paired
with the RAN specialist for the compile loop. Based on our
experiments (see Sec. X), the resulting patch modifies three
files in the OAI measurement subsystem. TESTRUNNER
then runs the simulation tier and replays the same flow at
channel emulation and OTA using the configuration contract
of Sec. V-D. ANALYZER parses the bring-up milestones in the
gNB log, the stream of values reported to the RIC, and the
delivery-latency distribution, and emits a pass verdict. INGEST
stages the artifacts into SYNAPSE.

Outcome: The new measurement is advertised by the gNB
and observed in the reporting stream on all three validation
tiers. The numerical value tracks a hand-computed ground truth
within sampling tolerance as shown in Fig. 6. The per-stage
wall-clock breakdown and token cost appear in Sec. X, where
we evaluate GENESIS itself.

VIII. CASE STUDY 2: CONDITIONAL HANDOVER WITH
OPTIMIZATION XAPP

The second use case involves a more complex procedure.
The implementation, testing, and optimization of Conditional
Handover with a closed-loop E2SM-RC xApp draws on four
3GPP/O-RAN specifications, touches several OAI subsystems,
and terminates in an xApp (an application running in the O-
RAN Near-RT RIC and controlling the stack through E2) that
writes back into the gNB to steer handover behavior at runtime.

CHO, introduced in 3GPP Release 16 [61], is a mobility
procedure in which the network prepares a handover command
in advance, and the UE executes it only when its measurements
satisfy a triggering condition. We illustrate this procedure in
Fig. 7, where we also compare it with the classical procedure. In
the latter, the network decides when the handover happens and
the UE follows this decision. The main advantage of CHO is
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Fig. 7. Traditional Handover vs. Conditional Handover in 5G NR [61], [62].
In the traditional procedure, the network commits to a single target cell and the
UE executes the reconfiguration immediately. In CHO, the network pre-arms
several candidate cells and defers the execution to the UE.
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sequence and exposes new E2SM-RC POLICY/INSERT Style 3 endpoints,
and a FlexRIC-hosted anti-ping-pong xApp that closes the loop over E2.

that the reduced overhead makes it workable in situations where
regular handover fails, such as high-speed situations. Here,
quick decisions from the UE are more successful compared to
a lengthy exchange with the network.

To realize CHO end-to-end, SYNTHESIZE must read across
four specifications, which we sum up in Table V (3GPP’s
RRC, F1, and overall NR-NG-RAN descriptions, plus O-
RAN’s E2SM-RC service model that defines the control
surface exposed to xApps), and implement code across several
OAI subsystems (the CU, the DU, the UE-side evaluator),
as illustrated in Fig. 8. In this use case, we also instruct
GENESIS to exercise CHO from an xApp which suppresses
ping-pong handovers. This ping-pong phenomenon arises when



SYNTHESIZE Capability: Specs to Tested Code - CHO
Use case and prompt: Implement Conditional Handover over F1 end-to-end together with a closed-loop E2SM-RC anti-ping-
pong xApp. Design relevant simulation experiments to test yourself and handoff to me for the OTA test. You can find more 
information in TS 38.300, TS 38.331, TS 38.473, and O-RAN.WG3.E2SM-RC-R003.
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TABLE V
SUMMARY OF THE SPECIFICATIONS FOR CHO

Property Value

Description A mobility procedure where the handover
command is prepared in advance by the
network but executed by the UE only when
specific radio conditions are met

3GPP references TS 38.300 [62]; TS 38.331 [61]; TS 38.473
[63]

O-RAN reference O-RAN.WG3.E2SM-RC-R003-v03.00 [64]
Feature class RRC + F1AP + E2SM-RC + UE
Trigger / execute Event A3/A4/A5.
E2 service style insert Style 3 Indication ID 2 for mobility

events; policy Style 3 Action 2 for CHO
control

Implement Conditional Handover over F1 end-to-end
together with a closed-loop E2SM-RC anti-ping-pong
xApp. Design relevant simulation experiments to
test yourself and handoff to me for the OTA test.
You can find more information in TS 38.300,
TS 38.331, TS 38.473, and O-RAN.WG3.E2SM-RC-R003.

Listing 3. End-to-end SYNTHESIZE invocation for Case 2.

a UE is in between two cells, and alternatively crosses KPI
thresholds for triggering a handover, which makes it perform
multiple handovers between the cells in a row, yielding to
poor performance. The xApp itself is based on the OAI
FlexRIC implementation, showing how GENESIS can work
across different code bases. This whole process is triggered by
a single natural-language prompt (Listing 3), augmented only
by pointers to the specifications.

What GENESIS produced: Figure 9 traces the six SYN-
THESIZE stages and the CHO-specific artifact each produced.
The rest of this paragraph walks through them in order.
SPECANALYZER queries each specification in turn and writes
/specs/cho-e2sm-rc.md, capturing four artifacts: a plain
description of the conditional-handover procedure, the trigger
condition the UE must evaluate (GENESIS always queries
the human reviewer for the trigger to use, and we always
chose a signal-strength inequality known in 3GPP as “Event
A4” in all runs), the message shape that carries the prepared
command between gNB units, and the control surface the
xApp will use to push commands into the gNB. DevOps
then brings up the gNB CU pod and builds the relevant
container image. CODEANALYZER locates the insertion surface
in the OAI source (the existing non-conditional handover code,
the data structures the gNB uses to advertise its capabilities
to the RIC, the UE-side measurement evaluator, and the
pre-compiled codec for the inter-unit messages) and emits
an IMPLEMENTATION_PLAN that designs the architecture
shown in Fig. 8.

The architecture identified by GENESIS and synthesized
contribution spans four layers: (i) a CU-side CHO module
on the order of a dozen new functions and supporting data
structures that prepares, arms, and emits the conditional
reconfiguration over F1AP; (ii) a UE-side evaluator that fires
once the cached conditional reconfiguration’s trigger is met;
(iii) two new E2SM-RC service points on the gNB E2 agent

(2) CodeAnalyzer*
IMPLEMENTATION_PLAN: CHO A4-prep + A3-execute MeasConfig, F1AP IE 373

(3) CodeWriter
targeted edits to OAI RRC,F1AP,GNB-APP, E2AP, NR UE…

(4) TestRunner*
Rfsim sweep 3-200 km/h, OTA on Sierra. “xApp: A3 offset 5à10 dB due to 5 PPs.”

(5) Analyzer
“CHO 5/5 at every speed (3-200 km/h)”. Data analytics, insights.

(6) Ingest
spec + plan + code diff + logs
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Fig. 9. Per-stage SYNTHESIZE pipeline trace for Case Study 2 and the CHO-
specific artifact each produced. Stages marked by an asterisk require a human
approval.
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Fig. 10. xApp anti-ping-pong loop. UE wobbles between x = 4m and
x = 16m on a 20 m straight line at 12 km/h. The A3 offset rises by 1 dB per
detected ping-pong. Once the offset reaches 10 dB, the corresponding threshold
exceeds the wobble’s maximum gap and the UE remains on its last serving
cell. Blue / red arrows distinguish the first HO of each mirror pair from the
back HO that completes the ping-pong.

(an INSERT-style indication on every handover event and
a POLICY-style control accepting an updated A3 offset);
and (iv) the xApp itself, hosted on the open-source FlexRIC
runtime. The xApp subscribes to the INSERT endpoint; on
each handover event it appends to a per-UE ring buffer and
applies a pair-wise ping-pong rule. The xApp flags a ping-pong
whenever two consecutive handovers form an A-B-A pattern
within Tpp = 10 s. On detection, the xApp pushes a control
message back to the gNB that raises the signal-strength margin
required to trigger another handover (A3 offset) between the
affected cells by +1 dB, damping the oscillation.

Closed-loop validation in simulation: TESTRUNNER first
stress-tests the xApp in a two-cell RFSIM deployment: two
DUs placed 20 m apart on a 1-D corridor, with the simulated
UE wobbling between x = 4m and x = 16m at 12 km/h.
Figure 10 depicts the trial. Every crossing of the cell boundary
fires a handover and the return leg of the wobble produces the
mirror handover an instant later. The xApp detects five such
pairs in succession and, after each, pushes a +1 dB margin-
bumping update back to the gNB, walking the A3 offset from
5 dB up to 10 dB. With the 2 dB hysteresis added on top, the
effective trigger threshold reaches 12 dB. The next boundary
crossing no longer satisfies the A3 entry condition and the
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“CHO 5/5 at every speed (3-200 km/h)”. Data analytics, insights.
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TABLE V
SUMMARY OF THE SPECIFICATIONS FOR CHO

Property Value

Description A mobility procedure where the handover
command is prepared in advance by the
network but executed by the UE only when
specific radio conditions are met

3GPP references TS 38.300 [62]; TS 38.331 [61]; TS 38.473
[63]

O-RAN reference O-RAN.WG3.E2SM-RC-R003-v03.00 [64]
Feature class RRC + F1AP + E2SM-RC + UE
Trigger / execute Event A3/A4/A5.
E2 service style insert Style 3 Indication ID 2 for mobility

events; policy Style 3 Action 2 for CHO
control

Implement Conditional Handover over F1 end-to-end
together with a closed-loop E2SM-RC anti-ping-pong
xApp. Design relevant simulation experiments to
test yourself and handoff to me for the OTA test.
You can find more information in TS 38.300,
TS 38.331, TS 38.473, and O-RAN.WG3.E2SM-RC-R003.

Listing 3. End-to-end SYNTHESIZE invocation for Case 2.

a UE is in between two cells, and alternatively crosses KPI
thresholds for triggering a handover, which makes it perform
multiple handovers between the cells in a row, yielding to
poor performance. The xApp itself is based on the OAI
FlexRIC implementation, showing how GENESIS can work
across different code bases. This whole process is triggered by
a single natural-language prompt (Listing 3), augmented only
by pointers to the specifications.

What GENESIS produced: Figure 9 traces the six SYN-
THESIZE stages and the CHO-specific artifact each produced.
The rest of this paragraph walks through them in order.
SPECANALYZER queries each specification in turn and writes
/specs/cho-e2sm-rc.md, capturing four artifacts: a plain
description of the conditional-handover procedure, the trigger
condition the UE must evaluate (GENESIS always queries
the human reviewer for the trigger to use, and we always
chose a signal-strength inequality known in 3GPP as “Event
A4” in all runs), the message shape that carries the prepared
command between gNB units, and the control surface the
xApp will use to push commands into the gNB. DevOps
then brings up the gNB CU pod and builds the relevant
container image. CODEANALYZER locates the insertion surface
in the OAI source (the existing non-conditional handover code,
the data structures the gNB uses to advertise its capabilities
to the RIC, the UE-side measurement evaluator, and the
pre-compiled codec for the inter-unit messages) and emits
an IMPLEMENTATION_PLAN that designs the architecture
shown in Fig. 8.

The architecture identified by GENESIS and synthesized
contribution spans four layers: (i) a CU-side CHO module
on the order of a dozen new functions and supporting data
structures that prepares, arms, and emits the conditional
reconfiguration over F1AP; (ii) a UE-side evaluator that fires
once the cached conditional reconfiguration’s trigger is met;
(iii) two new E2SM-RC service points on the gNB E2 agent

(2) CodeAnalyzer*
IMPLEMENTATION_PLAN: CHO A4-prep + A3-execute MeasConfig, F1AP IE 373

(3) CodeWriter
targeted edits to OAI RRC,F1AP,GNB-APP, E2AP, NR UE…

(4) TestRunner*
Rfsim sweep 3-200 km/h, OTA on Sierra. “xApp: A3 offset 5à10 dB due to 5 PPs.”

(5) Analyzer
“CHO 5/5 at every speed (3-200 km/h)”. Data analytics, insights.

(6) Ingest
spec + plan + code diff + logs
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Fig. 9. Per-stage SYNTHESIZE pipeline trace for Case Study 2 and the CHO-
specific artifact each produced. Stages marked by an asterisk require a human
approval.
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Fig. 10. xApp anti-ping-pong loop. UE wobbles between x = 4m and
x = 16m on a 20 m straight line at 12 km/h. The A3 offset rises by 1 dB per
detected ping-pong. Once the offset reaches 10 dB, the corresponding threshold
exceeds the wobble’s maximum gap and the UE remains on its last serving
cell. Blue / red arrows distinguish the first HO of each mirror pair from the
back HO that completes the ping-pong.

(an INSERT-style indication on every handover event and
a POLICY-style control accepting an updated A3 offset);
and (iv) the xApp itself, hosted on the open-source FlexRIC
runtime. The xApp subscribes to the INSERT endpoint; on
each handover event it appends to a per-UE ring buffer and
applies a pair-wise ping-pong rule. The xApp flags a ping-pong
whenever two consecutive handovers form an A-B-A pattern
within Tpp = 10 s. On detection, the xApp pushes a control
message back to the gNB that raises the signal-strength margin
required to trigger another handover (A3 offset) between the
affected cells by +1 dB, damping the oscillation.

Closed-loop validation in simulation: TESTRUNNER first
stress-tests the xApp in a two-cell RFSIM deployment: two
DUs placed 20 m apart on a 1-D corridor, with the simulated
UE wobbling between x = 4m and x = 16m at 12 km/h.
Figure 10 depicts the trial. Every crossing of the cell boundary
fires a handover and the return leg of the wobble produces the
mirror handover an instant later. The xApp detects five such
pairs in succession and, after each, pushes a +1 dB margin-
bumping update back to the gNB, walking the A3 offset from
5 dB up to 10 dB. With the 2 dB hysteresis added on top, the
effective trigger threshold reaches 12 dB. The next boundary
crossing no longer satisfies the A3 entry condition and the

RFsim-based validation of anti-ping-pong xApp
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Fig. 11. Handover success rate as a function of UE speed. For each (mode,
speed) pair, five independent experiments were conducted. HO is considered
successful when the UE completes RACH on the target cell and the CU logs
handover completion.

UE stays on its last serving cell. The trial confirms that the
synthesized control loop closes correctly: events from the gNB
are decoded by the xApp, ping-pongs are classified accurately,
and control messages land back at the gNB in time to influence
the next decision.

High-speed two-cell deployment: To evaluate the benefits
of CHO, TESTRUNNER next builds scenarios with increasing
UE speeds: two cells on the same NR frequency (band 78), one
CU, two DUs, and one softUE, all connected over RFSIM. The
DU cell sites are 200 m apart. The UE moves from one to the
other in a loop, and completes one handover per transit leg. The
scenario is replayed at five speeds, from 3 km/h (pedestrian)
to 200 km/h (high-speed train). GENESIS then compares the
handover success rate for each condition and handover style
by running each experiment five times. Figure 11 reports the
handover success rate as a function of UE speed. We observe
that the CHO implemented by GENESIS successfully improves
the reliability of the RAN for high speed scenarios: in all
conditions, CHO always succeeds, while at 60 km/h, 20% of
classic handovers fail. This rises to 60% of failure at 120 km/h
and 100% at 200 km/h.

Over-the-air validation: To rule out artefacts specific to
RFSIM, the same two-cell band-78 deployment was brought up
on real radio units on the GENESIS testbed and validated OTA
with a commercial Sierra Wireless EM9191 modem. Figure 12
shows the lab setup. Unlike the RFSIM trials, this experiment
involves a human in the loop, with GENESIS prepping and
monitoring the experiment and prompting the human reviewer
to move the UE between the two cells’ coverage zones.
Figure 13 shows the resulting per-link received-signal-strength
timeline collected from the CU’s measurement reports during
one such walk: the UE attaches to DU2 (PCI 1), the prepared-
but-deferred handover toward DU1 (PCI 0) is held until the
cached trigger condition is satisfied, and the UE executes the
transition on its own. This validation against a COTS UE
confirms that GENESIS implemented CHO in a spec-compliant
way.

IX. CASE STUDY 3: SCHEDULER DISCOVERY

The two preceding case studies exercise GENESIS end-to-
end on a fresh intent. The third looks at the framework from
a different angle. Of the six capabilities introduced in Sec. III,
this paper has shown SYNTHESIZE, TEST, and HARDEN

TARGET

UE

SOURCE

Fig. 12. Over-the-air CHO testbed setup. The source DU and target DU are
deployed at opposite corners of the lab. A Sierra Wireless EM9191 UE on a
mobile cart is walked along the dashed path from the source’s coverage zone
into the target’s.
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Fig. 13. Over-the-air CHO result captured during one walk of the testbed in
Fig. 12. The CU logs per-link RSRP for the serving cell (source DU2, PCI 1,
red) and the candidate (target DU1, PCI 0, green). Three events mark the
conditional-handover chain: A4 fires (t→15 s) when the candidate crosses the
A4 threshold and the network arms the conditional reconfiguration; A3 fires
(t→17 s) when the candidate exceeds the source by the A3 offset so the UE’s
local trigger is met; and CHO execute (t→18 s) when the UE autonomously
fires the prepared handover.

running natively. The remaining three (DISCOVER, OPTIMIZE,
SECURE) are part of the same architectural design but have not
yet been driven end-to-end inside GENESIS. For DISCOVER,
however, we have a close empirical reference point in our
prior work ALLSTAR [19], which built a problem-specific,
procedural LLM-based pipeline for MAC scheduler synthesis
using LLM agents on the same X5G testbed GENESIS uses.
This section uses ALLSTAR to do two things: trace how its two
procedural pipelines map onto GENESIS’s agentic SYNTHESIZE
and DISCOVER capabilities (Fig. 14), and identify the manual
steps in ALLSTAR that GENESIS could now automate.

ALLSTAR in brief: MAC scheduling is a well-studied
topic in academia, with new algorithms published every year
for different intents: delay-awareness, bursty traffic, fairness,
slicing, etc. Each work typically benchmarks in simulation,
with its own unique set of assumptions and input metrics, which
makes extracting the algorithm, re-implementing it inside a
production MAC stack, adapting it to the KPIs and controls
that stack exposes, and validating it on real radios a slow and
cumbersome process. ALLSTAR closes this gap by ingesting
18 scheduler papers, and, using LLM pipelines, generating

UE oscillates between the cell edge of two RUs UE moves at increasing speed between two RUs
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Fig. 11. Handover success rate as a function of UE speed. For each (mode,
speed) pair, five independent experiments were conducted. HO is considered
successful when the UE completes RACH on the target cell and the CU logs
handover completion.

UE stays on its last serving cell. The trial confirms that the
synthesized control loop closes correctly: events from the gNB
are decoded by the xApp, ping-pongs are classified accurately,
and control messages land back at the gNB in time to influence
the next decision.

High-speed two-cell deployment: To evaluate the benefits
of CHO, TESTRUNNER next builds scenarios with increasing
UE speeds: two cells on the same NR frequency (band 78), one
CU, two DUs, and one softUE, all connected over RFSIM. The
DU cell sites are 200 m apart. The UE moves from one to the
other in a loop, and completes one handover per transit leg. The
scenario is replayed at five speeds, from 3 km/h (pedestrian)
to 200 km/h (high-speed train). GENESIS then compares the
handover success rate for each condition and handover style
by running each experiment five times. Figure 11 reports the
handover success rate as a function of UE speed. We observe
that the CHO implemented by GENESIS successfully improves
the reliability of the RAN for high speed scenarios: in all
conditions, CHO always succeeds, while at 60 km/h, 20% of
classic handovers fail. This rises to 60% of failure at 120 km/h
and 100% at 200 km/h.

Over-the-air validation: To rule out artefacts specific to
RFSIM, the same two-cell band-78 deployment was brought up
on real radio units on the GENESIS testbed and validated OTA
with a commercial Sierra Wireless EM9191 modem. Figure 12
shows the lab setup. Unlike the RFSIM trials, this experiment
involves a human in the loop, with GENESIS prepping and
monitoring the experiment and prompting the human reviewer
to move the UE between the two cells’ coverage zones.
Figure 13 shows the resulting per-link received-signal-strength
timeline collected from the CU’s measurement reports during
one such walk: the UE attaches to DU2 (PCI 1), the prepared-
but-deferred handover toward DU1 (PCI 0) is held until the
cached trigger condition is satisfied, and the UE executes the
transition on its own. This validation against a COTS UE
confirms that GENESIS implemented CHO in a spec-compliant
way.

IX. CASE STUDY 3: SCHEDULER DISCOVERY

The two preceding case studies exercise GENESIS end-to-
end on a fresh intent. The third looks at the framework from
a different angle. Of the six capabilities introduced in Sec. III,
this paper has shown SYNTHESIZE, TEST, and HARDEN
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Fig. 12. Over-the-air CHO testbed setup. The source DU and target DU are
deployed at opposite corners of the lab. A Sierra Wireless EM9191 UE on a
mobile cart is walked along the dashed path from the source’s coverage zone
into the target’s.
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Fig. 13. Over-the-air CHO result captured during one walk of the testbed in
Fig. 12. The CU logs per-link RSRP for the serving cell (source DU2, PCI 1,
red) and the candidate (target DU1, PCI 0, green). Three events mark the
conditional-handover chain: A4 fires (t→15 s) when the candidate crosses the
A4 threshold and the network arms the conditional reconfiguration; A3 fires
(t→17 s) when the candidate exceeds the source by the A3 offset so the UE’s
local trigger is met; and CHO execute (t→18 s) when the UE autonomously
fires the prepared handover.

running natively. The remaining three (DISCOVER, OPTIMIZE,
SECURE) are part of the same architectural design but have not
yet been driven end-to-end inside GENESIS. For DISCOVER,
however, we have a close empirical reference point in our
prior work ALLSTAR [19], which built a problem-specific,
procedural LLM-based pipeline for MAC scheduler synthesis
using LLM agents on the same X5G testbed GENESIS uses.
This section uses ALLSTAR to do two things: trace how its two
procedural pipelines map onto GENESIS’s agentic SYNTHESIZE
and DISCOVER capabilities (Fig. 14), and identify the manual
steps in ALLSTAR that GENESIS could now automate.

ALLSTAR in brief: MAC scheduling is a well-studied
topic in academia, with new algorithms published every year
for different intents: delay-awareness, bursty traffic, fairness,
slicing, etc. Each work typically benchmarks in simulation,
with its own unique set of assumptions and input metrics, which
makes extracting the algorithm, re-implementing it inside a
production MAC stack, adapting it to the KPIs and controls
that stack exposes, and validating it on real radios a slow and
cumbersome process. ALLSTAR closes this gap by ingesting
18 scheduler papers, and, using LLM pipelines, generating

Validate that CHO is successful with COTS UE 
(Qualcomm modem)
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Evaluating GENESIS vs. Claude Code

Claude Code
Time: lack of a structured 
approach leads to longer runs

Claude Code is provided with specs and bash scripts that GENESIS uses, but no agents/skills/hooks

Success: lack of understanding 
and role segmentation leads to 
0% success
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deterministic procedures 
enable cost savings
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Fig. 14. Mapping of ALLSTaR scheduling synthesis and discovery capabilities
into the GENESIS agentic discovery pipeline.

working scheduler code to be tested inside OAI on the X5G
testbed (top left, Fig. 14). The schedulers are then assembled as
a library, which, combined with test results, can be leveraged by
a second LLM pipeline. This second pipeline takes an operator
intent as input and generates new schedulers adapted to the
operators’ intent (bottom left, Fig. 14).

Mapping ALLSTAR onto GENESIS primitives: ALL-
STAR consists of two procedural pipelines (left of Fig. 14)
that line up with two GENESIS capabilities, mediated by
the same scheduling element library that here plays the role
of SYNAPSE. The per-paper ingestion pipeline (Papers to
Schedulers) is an instance of SYNTHESIZE. The Intent to
Schedulers pipeline is the one that maps onto DISCOVER.
In GENESIS, this loop becomes the four-stage agentic pipeline
on the right of Fig. 14, driven by a research hypothesis of the
form “scheduler A outperforms scheduler B under workload W ”
(i.e., the operator intent restated comparatively, or as a research
question). HYPOTHESISENGINE (1) translates the hypothesis
into a concrete scheduler design and queries SYNAPSE to check
whether an artifact that already satisfies the claim exists; if so,
the run skips ahead to validation. Otherwise, CODEWRITER (2)
implements the missing scheduler or a variant of one already in
the library by using the same code-generation skills exercised
in the previous case studies. TESTRUNNER (3) deploys the
artifact on the X5G DU and collects the KPIs the hypothesis
depends on, and ANALYZER (4) compares those measurements
against the hypothesis and against library baselines drawn
from SYNAPSE, then writes the run (artifact, traces, verdict)
back to SYNAPSE for future DISCOVER or SYNTHESIZE
calls. Unlike ALLSTAR’s pipeline, where the four steps are
hard-wired against a fixed library schema, and specific to
scheduling, in GENESIS they are agent specialists driven by
the same orchestrator that runs SYNTHESIZE, so each step can
be skipped, retried, or substituted depending on what SYNAPSE
already contains, and applied to other domains (e.g., handover
optimization, as discussed in Sec. VIII).

X. PERFORMANCE EVALUATION AND COMPARISONS

We now evaluate GENESIS’s operational overhead in terms
of time and token cost, and how its capabilities compare to
existing state-of-the-art agentic LLM approaches (i.e. Claude

TABLE VI
COMPARISON OF GENESIS AND A MONOLITHIC SINGLE-AGENT BASELINE

ON THE SAME FEATURE-IMPLEMENTATION TASK.

GENESIS Monolithic

Metric Opus 4.7 Sonnet 4.6 Opus 4.7 Sonnet 4.6

Wall-clock 44 min. 93 min. 78 min. 113 min.
Success rate 100% 60% 0% 0%
Cost per trial (USD) $28.36 $17.18 $43.76 $18.73

Code). All metrics reported in this section are the median
over N = 5 independent trials. As frontier-model capabilities
change on a timescale of weeks, the absolute numbers reported
here are best read as a snapshot of mid-2026 model behavior,
with the architecture rather than the absolute numbers as the
durable contribution.

A. Comparison with State-of-the-Art Coding Agent
We start by evaluating GENESIS against Claude Code as

“monolithic” baseline. Compared to GENESIS, the monolithic
approach has access to the same set of scripts (that are called by
the skills of GENESIS) and testbeds. However, instead of having
access to our agents, skills, hooks, and staged validation, the
monolithic baseline has to directly use its built-in tool calling
routines to discover and leverage them.

We evaluate both GENESIS and the baseline using Claude
Code with Opus 4.7 and Sonnet 4.6 models. This compar-
ison is performed on the simplest of our use cases, e.g.,
RRC.ConnMean KPM implementation. A trial is classified as
a failure if the LLM performs destructive actions (e.g., deleting
critical OpenShift deployments, which makes it unable to keep
running experiments) or fails to converge before the exhaustion
of its context window.

We report the results in Table VI. As shown in the table,
GENESIS significantly improves over the baseline, which is
not able to perform the task with any of the models. We also
note that Opus 4.7’s success rate is of 100% against 60%
for Sonnet 4.6, while also requiring less time to run. This
poses an interesting tradeoff: if wall-clock time is the prime
concern, Opus brings significant benefits, however, if one is
more interested in implementing a large number of features
quickly, GENESIS, combined with a slightly less capable but
also less expensive model (e.g., Sonnet) can have its merits, as
the cost of a trial normalized by the success rate comes down
to 1.4→ 17.18 = $24.05 for Sonnet, against $28.36 for Opus.

B. Per-stage Cost and Time Breakdown
We now profile the operational cost of GENESIS itself.

Figures 15 and 16 report token usage with dollar cost and
wall-clock time, broken down by the six SYNTHESIZE stages
and color-coded by configuration: KPM/Opus, KPM/Sonnet,
and CHO/Opus.

Two stages dominate. Across all three configurations,
CODEWRITER and TESTRUNNER together account for roughly
two-thirds of both wall-clock time and token cost. Both
are iteration-heavy: CODEWRITER loops against compiler
output until the patch builds, and TESTRUNNER replays the
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Conclusion

First end-to-end demonstration

An agentic framework that synthesizes, tests, and 

discovers RAN functionalities on production-grade 

radios.

Closed-loop RAN R&D architecture

Agentic architecture closes the RAN R&D loop end-

to-end, anchored in a staged validation continuum.

Model-selection tradeoff

A non-obvious model-selection tradeoff for agentic 

RAN engineering.

Months → hours + Success

Successful on tasks where state-of-the-art Claude 

Code fails.

Next Steps: auto-skill and auto-agents — self-developing GENESIS



The autonomy ladder
Where we've been. Where we're going. What INSI built at each step.

I Open RAN The network is software. Colosseum · X5G · OpenRAN Gym · Arena

II Programmability The network is a control system. ColO-RAN · OrchestRAN · PACIFISTA · EXPLORA 
· dApps

III AI-RAN Shared compute, many narrow controllers. AI-RAN Alliance · Techno-economic model · 
MWC 2025

IV Cognitive base station The base station senses, learns, and serves. cuSense · ISAC dApps · NVIDIA Aerial 
integration

V Autonomous networks One reasoner above many controllers. AgentRAN · AutoRAN · MANATEE

VI Self-synthesizing The network builds itself. GENESIS · ALLSTaR · 
SYNAPSE
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