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Requirements for NextG Applications
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mmWave systems today do not meet these 
requirements
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Narrow beams impose restrictions on latency and scalability
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Traditional mmWave is limited to Time-Division 
Multiple Access (TDMA)
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Traditional mmWave is limited to Time-Division 
Multiple Access (TDMA)
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Traditional mmWave is limited to Time-Division 
Multiple Access (TDMA)
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Traditional mmWave is limited to Time-Division 
Multiple Access (TDMA)
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Traditional mmWave is limited to Time-Division 
Multiple Access (TDMA)
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How to deliver low-latency and scalability with 
directional beams?
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mmFlexible: Flexible time-frequency resource allocation
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mmFlexible: Flexible time-frequency resource allocation

13

UE1

UE2

UE3 UE4

UE5

Time 
slot 2

Time

Fr
eq

u
en

cy

Ish Kumar Jain



mmFlexible: Flexible time-frequency resource allocation
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mmFlexible: Flexible time-frequency resource allocation

15

UE1

UE2

UE3

Band 1

Band 2

Band 3

Band 1

Band 2

Band 3

Time

Fr
eq

u
en

cy

Time 
slot 1

To serve concurrent users ➔ Need concurrent beams 

Ish Kumar Jain



Challenges in creating concurrent beams
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mmFlexible delivers high-throughput beam for each user
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mmFlexible delivers high-throughput beam for each user
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mmFlexible delivers high-throughput beam for each user
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mmFlexible delivers high-throughput beam for each user
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mmFlexible: Contributions
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❖ Creating flexible concurrent beams for each user

❖ Developing hardware architecture for concurrent beams

❖ Configuring concurrent beams in real time
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Designed a new programmable antenna array
Delay-Phased Array (DPA)
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Understanding 2 antennas DPA
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Understanding 2 antennas DPA
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Creating flexible beam response with DPA
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Creating flexible beam response with DPA
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Creating narrow beam with 8 antennas
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Φ𝑛

Delay Phased Array (DPA)

Configuring DPA in real time using closed-form formula 
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We derive a closed-form formula for 
delay and phase configuration at 
each antenna
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*Refer to Journal paper for a generalized 
formula for any number of beams, beam 
directions, and beam-bandwidths
[Full paper: https://wcsng.ucsd.edu/dpa]
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How flexible is Delay-Phased Array (DPA)?
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Implementation with mmWave channel dataset
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mmFlexible is more flexible than baselines
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Delivers low latency and high throughput
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Latency Reduction

60-150% 
reduction

Throughput improvement

Up to 
3.9x 
better 

  

  

  

  

   

   

 
 
  
 
 
 
 
 
  
  

 
 
 
 

Improvement due to flexible allocation of time-frequency resources
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Open-source code and dataset
https://wcsng.ucsd.edu/dpa

mmFlexible: Flexible Directional Frequency Multiplexing for 
Multi-user mmWave Networks

https://wcsng.ucsd.edu/dpa
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