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Motivation

Next-Generation Cellular Networks
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NextG applications require low-latency communications




Motivation

Ultra-Reliable Low-Latency Communication

5G : URLLC 100 6G : HRLLC
0.5 ms for UL/DL R&2 0.1 ms for UL/DL B3

3GPP TR 38.913 Release 18 Discussion

(1) Where does latency come from in real 5G systems?
(2) How do these latency sources interact?
(3) What bottlenecks do theorical and simulation work overlook?

(4) How can open-source 5G testbeds help reach low latency?
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Background

5G Stack
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Background

Open-Source 5G Software

Mobile Core :

tfreelTd Q) openscs

Radio Access Network :
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Full-stack programmability + Ability to experiment on real-world setup



Background

Open-Source 5G Software

Mobile Core :

0 Open5GS

Radio Access Network :

(@) SRSRAN

Full-stack programmability + Ability to experiment on real-world setup




Background

5G Time Slots

Numerology 1 0.5 ms
Numerology 2 0.25 ms
Numerology 3 0.125 ms !

More flexible than 4G — Numerology — Slot duration
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Latency Analysis

Slot-Based System
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Latency Analysis

Slot Offsets Across Layers
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Latency Analysis

Scheduling Offset (S slot)

MAC

PHY

Default : S = 1 slot




Latency Analysis

Radio Offset (R slot)

x Wait 1.5 ms

Default : R = 3 slots

PHY

O Sufficiently large to support different hardware
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Latency Analysis

Implementation-Level Latency

MAC ...... ......
Scheduling offset (S slots)

PHY

Radio offset (R slots)

1

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 ’ 1
I it I
T e I

e = o i 1

1 AR i 1
= Es i

~ After Sslots After (S +R) slots

B Slot offsets — Significant latency (S + R = 4 slots = 2 ms) N



Latency Analysis

Implementation-Level Latency
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Latency Analysis

Specification-Level Latency
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Grant-based access
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Latency Analysis

Specification-Level Latency
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Grant-based access
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Latency Analysis

Latency Breakdown (Downlink Scheduling)

(1) DL data scheduled Numerology 1 / 1 slot = 0.5 ms
l (2) DL data processed
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[ l UL .

v
(3) DL data sent
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Latency Analysis

Latency Breakdown (Uplink Scheduling)

(3) Grant scheduled

(4) Grant processed
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Latency Analysis

Latency Lower Bounds

(3) Grant scheduled Numerology 1 / 1 slot = 0.5 ms
(4) Grant processed
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MAC !
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(5) Grant sent
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Latency Improvements

Improvement 1 (I1) : Reduce Radio Offset (R)

Minimize radio offset to the lowest safe value
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Latency Improvements

Improvement 2 (I2) : Reduce Scheduling Offset (S)

Remove scheduling offset by letting MAC trigger PHY directly
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Latency Improvements

Improvement 3 (I3) : Scheduling-Request-Free Access

Send grants before every uplink slot
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Grant-based access
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Latency Improvements

Latency Breakdown (I1 + 12 + I3)

(1) Grant scheduled
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(4) UL data received
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Latency Improvements

Latency Lower Bounds (I1 + I2 + I3)

(1) Grant scheduled
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) = 0; (2) Grant processed ﬂ Reduced by 1.5 ms
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(4) UL data received

20



Evaluation

Comparing Latency Distributions

0.12 0.12
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Evaluation

Comparing Average Latency

0.12 0.12
Baseline (srsRAN) Baseline (srsRAN)
0.10; Our improvements 0.10; Our improvements
£0.08 £0.08
O O
06 o .06 o
N 399, Boos 2V 55%
©0.04- ©0.04;
(R (R
0.02- 0.02- Qf\l
000123256 7 8 910 0007532567 8 910
One-way latency [ms] One-way latency [ms]

UL: 7.4 ms — 3.3 ms
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Evaluation

Evaluating Commercial 5G Modules
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Consistently deliver low-latency performance across diverse 5G modules
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Evaluation

Evaluating Commercial 5G Phones

Baseline 11 +12 +13

10.50 10.50
9.50 9.69
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o W O

Saméung OnePlus Motorola OPPO

Demonstrate robustness and scalability in a realistic multi-UE setup
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Explore More!

Visit our GitHub Repo
srsSRAN Project Low Latency
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https://github.com/aygong/srsRAN_Project_Low_Latency
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