Immersive Content Delivery in Millimeter Wave Access Networks
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Il. Solution: DC-SRNC
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SRNC

In indoor mmWave wireless network, SRNC
encodes TCP packets at the network gateway
and decodes packets at the user side.

» Digraph Routing: SRNC routes packets over
all paths from the server to the sink instead
of over a single path.

» Network Coding: Each node computes a
linear combination of packets in the flow
and forwards the results on one of the
outgoing links.

» Exploiting Available Bandwidth: SRNC
node sends redundanct packets using spare
bandwidth to increase the success

” probability in transmission.
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AR/VR Dual-Connectivity Spare-bandwidth Rate-adaptive Network Coding (DC-SRNC) combines dual-connectivity transmission and SRNC to
» Increasing immersive content in AR/VR.

»High short-term throughput requirement.

encode and decode the intra-flow TCP packets between the network gateway and the user side and sufficiently use the total bandwidth.

Dual-Connectivity (DC) Transmission

mmWave & Problems WHAT is Dual-Connectivity (DC) Transmission? /WHY Dual-Connectivity (DC) Transmission?

» The beamforming in mmWave can achieve | « Dual-connectivity transmission network has |* Single-connectivity transmission is vulnerable to | connectivity transmission and is

Dual-Connectivity Transmission
performs better than single-

high data rate with less propagation loss.
» MmWave channel is sensitive to user
movements and susceptible to human

two mmWave access points (APs) blockage and is more likely to face with dramatic | better enhanced with SRNC.

connecting the gateway and user’s VR/AR throughput drop.

device. e Reforming the beam pattern to mitigate the
blockage. » The user’s device receives packets from blockage effect introduces latency and cannot

» Adaptive beamforming takes time to these two links simultaneously. maintain high short-term throughput.

reform the beams. * Packets are forwarded on either of the links |* Dual-connectivity transmission transmit packets

TCP short-term throughput drops due to to fully use the bandwidth through multi-path to alleviate the negative
movements and blockage. effect of blockage.
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TCP packets from the IP network are
encoded by SRNC at the gateway

A

| The gateway distributes encoded packets ' Two mmWave APs transmit these packets :

The user’s device decodes the received
encoded packets and gets the original data

to two mmWave APs to the user through separate indoor links

lll. Network Structure & Channel Simulation

Simulation Configuration

Dual-Connectivity mmWave Network

Dual- Ennnectwnty Maﬂ(w Channel Total Bandwnth Ip 0.3, q 0.3)

with SRNC or » Two mmWave access points (APs) or . | |||r| I '|,| N II"'MI \ uy i PIP|G) = p » Simulation time: 20 seconds
AP with two beams to the user’s {E’aom il, ”Iw' yi LT I'I I“I" W'WIL I;I IiI - II'I o » Markov State Channel Parameters:
device. Ezgzz ||| | ]| I “|H|*~.||| |“| |I||' |||' ||| 'I|||||| |||P | |||||||| ” |||I||'|| _ G Indoor mé?‘\;\:‘ar\‘l:IWweless gt * Channel states: GG, GP, PG, PP
'.'-'r“ » mmWave wireless channel: Indoor i | e 11 L 1 e * Good/Poor state for each channel
‘P pandwidth ‘\ wireless channel changing along a AR T PIGIP) =P * p & qreflect the user’s body and location movement.
Indoor Wireless ndoor Wireless  Markov Chain Model. * p: The probability of the channel changing to the opposite

mmWave Channel mmWave Channel

condition
* (: Reflects the correlation between the two channels in Dual-
Connectivity (positive: >0.5, negative: <0.5, independent: 0.5).

The second indoor mmWave wireless
channel is correlated to the first indoor
mmWave wireless channel:

Channel Setting for MC States
* Good state: G~N(3Gbps, 3002),
Q » Receiving packets simultaneously from | ¢ Poor state: P~N(200Mbps, 504)
» Packet Error Rate (PER) = 0.0001 * P(G;|Gy) = P(P,|Py) =¢q

» Network Bottleneck: mmWave
wireless connections.

two mmWave links.

V. Evaluation Results
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» Short-Term Throughput: Average throughput in sooo)- oowrensene| || - ooummsmo| | 1800 e i sanc] -
millisecond duration along the simulation process

» TCP Effect on Throughput: Clusters of millisecond
durations at different throughput

» State Average Throughput: Average throughput the
networks can achieve in four channel conditions

» Long-Term Average Throughput: Average throughput
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