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O Recent interest in mmWave as candidate 5G technology
O Lots of effort in characterizing the complex mmWave channel

. . . External IP networks
O Lack of simulation tools for E2E performance evaluation

Realizing 5G requirements will require innovations at all layers!

[ Event-driven network simulation [1, 2, 3]

Q Full-stack E2E NAS \l
L Customizable, modular framework S —_ _—

U Open-source
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d mmWave Channel
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O Statistical models i Transmitter | i Receiver
: [MmWaveSpectrumPhy] | i [MmWaveSpectrumph
L NYU Measurements of 28 and 73 GHz channel [4] |mavep|ecrumy| |mavepecrumy|
L NYUSIM: The Open Source 5G Channel Model Simulator Software [5] | Mult,'MOdeISpeCtrumChan?e |
. L MmWave MmWavePropagation
L QUADRIGA channel model [6] obtained within mmMAGIC [7] Beamforming LossModel
O Traces | AntennaArrayModel |
O Obtained through sounding and/or ray-tracing [8]
r—» NLOS
é 140 ‘ l’ b
-‘5130 y ' H IH\
E | w ulI” I . | ’I ”. 1
o L qn' Y n
120 LOS I w1|| r
e Uos | — Outage
V ()ula% 100 i ‘ ‘

Distance traveled (m) LOS




NYU | Baaesioes Outline

d Custom PHY/MAC implementation
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U Analog beamforming for data transmission
U OFDM with time division access
O Huge amount of data transmitted on each symbol

<,

O Variable Transmission Time Interval (TTl) data slots [9, 10] fow 1 subframe
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Quantify radio-link latency for Variable over Fixed TTI [12]

0 100 ps sub-frame (24 symbols --1 DL control, 1 UL control symbol)
O HARQ with target maximum 10% Block Error Rate
O UEs move at vehicular (25 m/s) speed
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d TCP performance evaluation
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Feedback (implicit or explicit)

|
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Questions

O Can current TCP adapt?

Q If not, how do we fix TCP?

Q Should the core network evolve?

mmWave links
O Intermittent
QO Very high peak data rates
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TCP Performance over mmWave
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TCP Performance over mmWave
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Real traces
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Option 1 Option 2

Linux application Linux application

Linux TCP/IP stack

Use case: We can run a real implementation of any TCP version GOAL  TOP CS Conference
(Cubic, Vegas, MultiPath, ..) over our end-to-end mmWave framework! (NSDI, SIGCOMM, MOBICOM, ..)
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O Tight integration LTE-mmWave
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Non-Standalone 5G mmWave = |m—""" s’

MME - SGW

O RRC procedures

L1 SINR-based initial access (((( ))) f," ((@ »))

U Secondary cell HO

S1- U +S1 MME
U Fast switching between RATs ’:/
D X2 LTE eNB ,lf’ o mmWave eNB
PDCP
U Seamless (RLC UM) and lossless (RLC AM) HO TERLC SGALC
L PDCP-RLC forwarding LTE MAC 5G MAC
LTE PHY 5G PHY
 References: [13, 14, 15]
LTE PHY 5G PHY
J— LTE MAC 5G MAC
LTE RLC 5G RLC
PDCP

Dual Connecled UE
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Y] pensbeon: Potential New Areas

We can also exploit our end-to-end simulation framework for...

Key actions Key actions

O Integrate a traffic simulator (SUMO)  Record 360 video

L Capture and integrate mmWave vehicular traces [ Integrate a video quality
evaluation tool-set (EvalVid)

Vehicular networks ' &

'k for End-to-End Evaluation of 5G mmWave C
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