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Intelligent Network Slicing
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- Isolation via RAN 


configurations: 


• RAN NF split


• Admission control


• Bearer QoS mgmt.


• …


- Spectrum isolation


• Reservation


• Priority-based sharing


Intelligent RAN Slicing Manager


Performance 
(Service-Level 


Agreement (SLA)) 
monitoring


Slicing 
configuration


RAN Intelligent Controller (RIC)


URLLC Slice


mMTC Slice 


B
W


eMBB (GBR)


Slice


Example Bandwidth 
reservation for 3 slices


RU: radio unit
DU: distributed unit
CU: centralized unit
CP: control plane
UP: user plane
NF: Network Function


AMF: Access and Mobility management 
Function
SMF: Session Management Function  
PCF: Policy Control Function
UPF: User Plane Function
QoS: Quality of Service
BW: Bandwidth


Glossary:
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Slice Service-Level Agreement (SLA) Assurance 
via Radio Resource Management


▪ ML-based Time-Series 


Prediction for


➢ Traffic Load, and/or


➢ RAN Metrics


➢ Radio resource planning: 


Determine the amount of 


radio resource to be 


reserved or prioritized 


based on network slice SLA


➢ Slice-Aware scheduling: 


Enforce radio resource 


reservation or prioritization 


rules


Intelligent RAN Slicing Manager


RAN Intelligent Controller (RIC)


Traffic load 
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RAN metric 
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Resource 
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monitoring
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configuration
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RRM policy 
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Traffic Load Prediction


➢ Adapt throughput 


target based on 


spatial-temporal 


traffic load variation


➢ Intel AI Tool: 


BigDL-Chronos


▪ Data preparation


▪ Built-in Models


▪ AutoML


Traffic load 
predictor


Traffic load 
predictor


RAN metric 
predictor


Rule-based Radio 
Resource Planning


𝑇𝑃target = 𝑓 𝐿


𝑅𝐵r𝑎𝑡𝑖𝑜 = 𝑔 𝑇𝑃target, 𝑅


𝐿


𝑅


Traffic load 
measurements


RAN performance 
measurements


𝑅𝐵r𝑎𝑡𝑖𝑜


Load 
estimate


Rate 
estimate


Slice Radio 
resource plan


* TP: Throughput
RB: resource block


Apply AI model for time-series prediction:
e.g., ‘Seq-to-Seq + Attention’  


LSTM LSTM LSTM


E
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LSTM


Attention layer


…


Encoder


Decoder


ML-based forecasting shows promising 
performance on traditional prediction metrics. 


Under-estimate


Over-
estimate


Naive ML


RMSE 
1


𝑛
σ𝑡=1
𝑛 𝐹𝑡 − 𝐴𝑡


2 76.86 26.82


SMAPE 
100%


𝑛
σ𝑡=1
𝑛 𝐹𝑡−𝐴𝑡


𝐴𝑡 + 𝐹𝑡 /2
21.54 7.76


𝐹𝑡
𝐴𝑡


RMSE: Root mean square error 
SMAPE: Symmetric mean absolute percentage error
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BigDL-Chronos


Chronos Examples: 
https://bigdl.readthedocs.io/en/latest/doc/Chronos/QuickStart/index.html


https://www.intel.com/content/www/us/en/
developer/tools/bigdl/overview.html


https://bigdl.readthedocs.i
o/en/latest/doc/Chronos/


Overview/chronos.html



https://bigdl.readthedocs.io/en/latest/doc/Chronos/QuickStart/index.html

https://www.intel.com/content/www/us/en/developer/tools/bigdl/overview.html

https://bigdl.readthedocs.io/en/latest/doc/Chronos/Overview/chronos.html
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Using Chronos for Time Series Forecasting


Model Style
Multi-


Variate
Multi-Step Exogenous Variables Distributed ONNX Quantization Auto Models AutoTS Backend


LSTM RR ✅ ❌ ✅ ✅ ✅ ✅ ✅ ✅ pytorch/tf2


Seq2Seq RR ✅ ✅ ✅ ✅ ✅ ❌ ✅ ✅ pytorch/tf2


TCN RR ✅ ✅ ✅ ✅ ✅ ✅ ✅ ✅ pytorch


NBeats RR ❌ ✅ ❌ ✅ ✅ ✅ ❌ ❌ pytorch


MTNet RR ✅ ❌ ✅ ❌ ❌ ❌ ❌ ✳️** tf2


TCMF TS ✅ ✅ ✅ ✳️* ❌ ❌ ❌ ❌ pytorch


Prophet TS ❌ ✅ ❌ ❌ ❌ ❌ ✅ ❌ prophet


ARIMA TS ❌ ✅ ❌ ❌ ❌ ❌ ✅ ❌ pmdarima


Customized*** RR Customized Customized Customized ❌ ✅ ❌ ❌ ✅ pytorch


Chronos Example: Auto Tune the Prediction of Network Traffic at the Transit Link of WIDE
https://github.com/intel-analytics/BigDL/blob/main/python/chronos/use-case/network_traffic/network_traffic_autots_forecasting.ipynb


➢ Data preparation: TSDataset
➢ AutoTS: AutoML support for time-series


➢ AutoTSEstimator
➢ TSPipeline


TS: Traditional Statistical Style
RR: Regular Regression Style


Supported Time Series Forecasting Models


https://bigdl.readthedocs.io/en/latest/doc/Chronos/Overview/forecasting.html



https://github.com/intel-analytics/BigDL/blob/main/python/chronos/use-case/network_traffic/network_traffic_autots_forecasting.ipynb

https://bigdl.readthedocs.io/en/latest/doc/Chronos/Overview/forecasting.html
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Demo Scenario & Setup Diagram
• Guarantee the user QoS through AI enabled NSRRM Service


• Check whether the throughput follows the target bit rate according to traffic volume change 


• Check whether AI based RIC Policy shows better SLA with lower delay than non-AI based one.


NICNIC


E2
Agent


TrafficOSC RIC


Scaling Manager
(service registration)


RIC service
• KPI/Counters collection
• Policy generation xAPP


RAN service
• Traditional RAN service
• Agent connection service
• Scaling service


xAPP
vDU
L2


AI/ML


Time-series forecast


Intel® AI Analytic Toolkit/BigDL
Build, Train, Optimize AI model


AI/ML


Reinforcement Learning



https://intel.sharepoint.com/:v:/r/sites/NPGSWSWAStaff-FlexRAN_SDP_Team/Shared%20Documents/FlexRAN_SDP_Team/MWC2022%20NSRRM/RIC%20demo.mp4?csf=1&web=1&e=htrVah

https://intel.sharepoint.com/:v:/r/sites/NPGSWSWAStaff-FlexRAN_SDP_Team/Shared%20Documents/FlexRAN_SDP_Team/MWC2022%20NSRRM/network-slicing-video.mp4?csf=1&web=1&e=aBBVwo
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Network Slice Radio Resource Management Configuration


xAPP Radio Resource Policy : 
Predict required total # of PRBs/Slice for 
shared and dedicated resources


DU MAC Scheduling  : 
Scheduling within the total # of PRBs/slice from RIC


GBR- 0 Slice


GBR- 1 Slice


GBR- 0 Slice


OSC RIC


xAPP DU-0 


DU-1 


GBR- 1 Slice


Policy 1 : 
AI prediction


Data collection


GBR-0 slice : 
- default 10 PRBs are reserved
- traffic volume pattern : from 0 GB to 4GB across the time.
- number of UE/ slice : 0 ~ 9 users
- SLA KPI : 10 Mbps/UE, 0 ~ 90 Mbps / slice


GBR-1 slice : 
- default 10 PRBs are reserved
- traffic volume pattern : less fluctuated around 500Mb/s.
- num of UE/ slice : 0 ~ 3 users
- SLA KPI : 5 Mbps/UE, 0 ~ 15 Mbps / slice


Policy download
(Update reserved PRB)


Policy 0 : 
w/o AI prediction


Collection data/slice of xAPP ( in sec)
(1) Data Volume (2) PRB Utilization (3) PDCP rate


Policy update of Policy0: 


- update in sec to meet long term throughput KPI


Policy update of Policy1(AI) : 


- update in sec 


- look back 120sec and look forward 5 sec


Data collection


Policy download
(Update reserved PRB)


PRB = Physical Resource Block
GBR = Guaranteed Bit Rate
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NIC


NIC
NIC


Traffic Server:


RIC & xApp


• Intel® Xeon 3rd Generation Processor
• Ubuntu Operating System, Kubernetes
• OSC RIC (Ran Intelligent Controller)
• Network Slice Radio Resource Manager xApp


with Time Series Forecasting Model


ORAN Compliant DU


• Intel® Xeon 3rd Generation Processor
• CentOS Operating System, Kubernetes
• FlexRANTM L2
• O-RAN compliant E2Agents: multi-cell manager, E2SM 


KPM & Ran Control functions
• Redis database, Grafana interface


Monitor/
Control


Demo Steps


• Set Traffic automatically through one .py file


• Online services with K8s: RIC, E2Agent, Redis, Grafana, webSocket


• Online FlexRANTM L2 through one control webpage


• Enable auto-scaling FlexRANTM L2 through k8s


• Monitor the FlexRANTM L2 performance through webpage


Demo Setup Details & Steps
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Demo Results: PRB Resource Reservation
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Fig1: Trace DataVolumn(Gbits 6s) vs Reserved PRB(1s policy) 


GBR0 dataVolumn GBR1 dataVolumn GBR0 ReservedPRB GBR1 ReservedPRB


• xApp dynamically adjusts the PRB resource according to the data volume 
from QOS flow requirement 
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Demo Results: Packet Delay
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Figure2. TRACE  DataVolumn(Gbits 6s) vs PacketDelay(ms)


DataVolumn PacketDelay w/o Prediction PackeDelay with Prediction


violation
T0 T1


violation
T0 T1


violation
T0 T1


violation
T0 T1


• Violation occurs when traffic is changed unexpectedly in the short term
• AI can help minimize the possibility of violation
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Demo Results: Background nonGBR (best effort) spectrum efficiency


• Background non-GBR service
• AI inference help MAC scheduler higher efficiency while scheduling users
• ~10% overall spectrum efficiency improvement with Intelligent MAC scheduler in e-e environment
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Normalized Spectrum efficiency


CorrelationUserSelection DDPGUserSelection


Traditional MAC scheduling uses Correlation based algorithm for User Selection 
DDPG is Reinforcement Learning model for User Selection
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Demo Video
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Summary & Conclusion


• O-RAN compliant E2E (RIC to O-CU/DU)  Intelligent RAN solution  with cloud native 


architecture


• Benefits of  AI powered Network Slice Resource Allocation


• Time-series forecast of  traffic volume and KPIs decrease packet delay by 


~50% and minimize SLA violation by reserving more resources when sudden 


increase in traffic.    


• Reinforcement learning provides optimal user-scheduling to achieve  ~10% 


spectrum efficiency improvement


• AI + RAN workload  performance optimized on Intel® XeonTM 3rd Generation Scalable Processor  


with Intel® AI libraries, toolkit and FlexRANTM Software (no additional proprietary hardware for 


AI acceleration)
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Notices and Disclaimers


Performance varies by use, configuration and other factors. Learn more 
at www.Intel.com/PerformanceIndex


Performance results are based on testing as of dates shown in configurations and may not reflect all 
publicly available updates. See backup for configuration details. No product or component can be 
absolutely secure.


Intel technologies may require enabled hardware, software or service activation.


No product or component can be absolutely secure.


Your costs and results may vary.


Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.


© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or 
its subsidiaries. Other names and brands may be claimed as the property of others.



http://www.intel.com/PerformanceIndex




