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Outline

ÇSTARS Basis
ÇSignal Modelling: Performance Evaluation (What)

ÇCoverage/Capacity Characterization (Why)

ÇOperating Protocols and Joint Beamforming (How)

ÇCorrelated Model

ÇChannel Estimation

ÇCase Study:
ÇSTARS Aided Transmission-Reflection NOMA

ÇSpatial Analysisfor STARS via Stochastic Geometry
Ç Integrating NOMA and Air Federated Learning  via STARS
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Overview of RIS
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ÇReconfigurable Intelligent Surface (RIS)

üA planar surface consists ofmassive reconfigurable elements

ÇAdvantages
üEasy to deploy
üLow cost
üLow energy consumption
üΧ

üAdjusting the propagation of 
incident signal (via phase and 
amplitude)
üSmart Radio Environment (SRE)

[1] Y. Liu, et al., ñReconfigurable Intelligent Surfaces: Principles and Opportunitiesò, IEEE Commun. Surv. Tut., accept to appear., 2021 

http://arxiv.org/abs/2007.03435.

[2] Y. Liu , et. al ñReconfigurable Intelligent Surface (RIS) Aided Multi-User Networks: Interplay Between NOMA and RISò, IEEE Commun. Mag., 

accept to appear., 2021 https://arxiv.org/abs/2011.13336.
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From Reflecting-only RIS to STARS
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ÇReflecting-only RIS  [T1]

üBoth the source and the destination have tobe at the same 
sideof the RISs, i.e., half-space/180° SRE 

üLimits the flexibility
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[T1]  Y. Liu , RIS tutorial

http://www.eecs.qmul.ac.uk/~yuanwei/slides/RIS_NOMA_Hunan.pdf


From Reflecting-only RIS to STARS/STAR-RIS
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ÇSimultaneously Transmitting And Reflecting Surface (STARS)

üThe incident wireless signals can be reflected and transmitted 
into the both sides of the RIS, i.e., full-space/360° SRE
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[3] Y. Liu, et al., ñSTAR: Simultaneous Transmission And Reflection for 360ÁCoverage by Intelligent Surfacesò, IEEE Commun. Mag., accept to 

appear,https://arxiv.org/abs/2103.09104.

Reflected user

BS

Reflected link

Direct link

RIS 

controller
Transmitted user

STAR RIS

Ŷ
Transmitted link

Ŷ



Key Advantages of STAR-RIS
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Ç360° coverage: Thanks to the STAR capability, the coverage is 
extended to the entire space

ÇEnhanced degrees-of-freedom (DoFs): Generally independent 
transmission and reflection coefficients 

[3] Y. Liu, et al., ñSTAR: Simultaneous Transmission And Reflection for 360ÁCoverage by Intelligent 

Surfacesò, IEEE Commun. Mag., accept to appear,https://arxiv.org/abs/2103.09104.

[D1] NTT DOCOMO, ñDOCOMO 

conducts worldôs first successful trial

of transparent dynamic metasurface,ò

https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html
https://www.nttdocomo.co.jp/english/info/media_center/pr/2020/0117_00.html


How STAR-RISs can be implemented?
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[4] J. Xu, Y. Liu, et al., ñSimultaneously Transmitting and Reflecting (STAR) Intelligent Omni-Surfaces, Their Modeling and Implementation,ò IEEE 

VTM, major revision, https://arxiv.org/pdf/2108.06233
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(PIN diode, antenna) 
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ü Metasurfacebased
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Hardware Models and Channel Models
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The phase-shift model The load impedance model

ü Near-field channel models: Ray-tracing based models

ü Far-field channel models: Huygens-Fresnel principle basedmodels 

ü Other channel models: !ƴƎǳƭŀǊ ǎǇŜŎǘǊǳƳΣ 9ǉǳƛǾŀƭŜƴǘ ŎƛǊŎǳƛǘΣ DǊŜŜƴΩǎ ŦǳƴŎǘƛƻƴ ƳŜǘƘƻŘ ƳƻŘŜƭǎ

Ç Hardware models:

The phase-shift and load 
impedance models best 
represent to the patch-array 
based implementations, while 
the generalized sheet transition 
conditions (GSTC) model 
accurately mimics the 
metasurfacebased 
implementations.

Ç Channel models:

[4] J. Xu, Y. Liu, et al., ñSimultaneously Transmitting and Reflecting (STAR) Intelligent Omni-Surfaces, Their Modeling and Implementation,ò IEEE 

VTM, major revision, https://arxiv.org/pdf/2108.06233



Difference Between Reflecting-Only RIS and STAR-RIS
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[3] Y. Liu, et al., ñSTAR: Simultaneous Transmission And Reflection for 360ÁCoverage by Intelligent Surfacesò, IEEE Commun. Mag., accept to 

appear,https://arxiv.org/abs/2103.09104.
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(Biscuits placed on a metal plate) (ice cubes in a glass of water)

Components Reflecting-Only RIS STAR-RIS

Substrates Opaque Transparent at radio frequency

Elements Onlysupport electric currents Supportboth electric and magnetic currents

Coefficients Reflection coefficients Transmission and reflection coefficients

(transparent at radio frequency)


