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Background: 6G Requirements

® Key Performance Indicators of 6G communication

Peak Data Rate Spectral Efficiency
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[1] ITU FG-NET-2030, “Network 2030-A Blueprint of Technology, Applications and Market Drivers towards the Year 2030 and Beyond,”
https://www.itu.int/en/ITU-T/focusgroups/net2030/Documents/White_Paper.pdf, ITU, Geneva, Switzerland, May 2019.
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Background: RIS

® Reconfigurable Intelligent Surface (RIS) Overcome blockage
® A surface of reconfigurable metamaterial Increase SE
® Control the propagation of electromagnetic wave Power-saving
® Manipulate the channel to improve the signal quailty
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[1] T. Cui, M. Qi, X. Wan, J. Zhao, and Q. Cheng, “Coding metamaterials, digital metamaterials and programmable metamaterials,” Light: Science
& Applications, vol. 3, p. €218, Oct. 2014.

[2] H. Yang, X. Cao, F. Yang, J. Gao, S. Xu, M. Li, X. Chen, Y. Zhao, Y. Zheng, and S. Li, “A programmable metasurface with dynamic polarization,
scattering and focusing control,” Scientific Reports, vol. 6, p. 35692 EP, Oct. 2016.
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Background: RIS

® Reconfigurable Intelligent Surface (RIS)
® A surface of reconfigurable metamaterial
® Control the propagation of electromagnetic wave
® Manipulate the channel to improve the signal quailty
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[1] E. Basar, M. Di Renzo, J. De Rosny, M. Debbah, M. Alouini, and R. Zhang, “Wireless communications through reconfigurable intelligent

surfaces,” IEEE Access, vol. 7, pp. 116753-116773, Jul. 2019.

RIS Energy Efficiency Optimization with Practical Power Model




Background: Energy Efficiency (EE)

® An important indicator: Energy Efficiency (EE)
® Growing attention with green and sustainable requirements

_ K xB x N xlog,(1 + SINR(d))

EE
P, + P,

® Modeling EE In RIS-assisted communication systems
Spectral Efficiency (bps/Hz)

Py BS transmit power
BW &YX _.log,(1+y Pgs: BS static power
EERis =

€21k{=1 Pk + PBS + KPUE + an(b) Pyg: UE static power
P, (b): Power consumption for each RIS element

Power consumption of each element is assumed to be same

[1] Q. Wu, G. Y. Li, W. Chen, D. W. K. Ng and R. Schober, "An Overview of Sustainable Green 5G Networks," IEEE Wireless Communications, vol.
24, no. 4, pp. 72-80, Aug. 2017.

[2] C. Huang, A. Zappone, G. C. Alexandropoulos, M. Debbah and C. Yuen, "Reconfigurable Intelligent Surfaces for Energy Efficiency in Wireless
Communication," IEEE Transactions on Wireless Communications, vol. 18, no. 8, pp. 4157-4170, Aug. 2019.
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Background: RIS Power Model

® Dynamic power consumption of each RIS elements
® Varies with the configuration of RIS
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ON/OFF-state power difference should be taken into consideration

[1] J. Wang, W. Tang, J. C. Liang, L. Zhang, J. Y. Dai, X. Li, S. Jin, Q. Cheng, and T. J. Cui, “Reconfigurable intelligent surface: Power consumption
modeling and practical measurement validation,” arXiv preprint arXiv:2211.00323, Nov. 2022.
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Practical Power Model

® Total power model for RIS-assisted systems

Piotal = Pstatic ++ Piransmit { ON-state: PRIS,n = Py

Pris = 10]]oPo, 6, € {0, m} OFF-state: Pris, = 0
® Energy Efficiency (EE) for RIS-assisted systems

BW X SEg;s(©, W)

EE =
RIS ™ Piatic + 101loPy + trace(WHW)

EE is related to the number of ON-state RIS elements

[1] J. Wang, W. Tang, J. C. Liang, L. Zhang, J. Y. Dai, X. Li, S. Jin, Q. Cheng, and T. J. Cui, “Reconfigurable intelligent surface: Power consumption
modeling and practical measurement validation,” arXiv preprint arXiv:2211.00323, Nov. 2022.
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EE Optimization Formulation

® Formulation of EE Optimization problem
® Downlink Multi-user Multiple-Input Single-Output (MU-MISO) systems
® ON/OFF-state power difference is taken into consideration

K - 2
OGw
SE(O,W) = z log, | 1+ |f§ kl > . [bps/Hz]
k=1 Zk’:tk'fk @ka’l T op

BW X SE(®, W)

EE(O,W) = |bit/Joule]

Pstatic + PollOllg + tr(WHW)

maximize EE(O, W) subject to tr(WHW) < P .y
" Non-Convex! SEg = SEmin, Vk € K
Mixed-Integer! vn e N

How to solve the Non-Convex Mixed-Integer Problem?
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AO Framework

® Alternating Optimization (AO) framework
® Optimize the BS precoder and RIS coding matrix separately
® Using Zero-Forcing (ZF) precoder
® |terative steps utill the target function converges

Gagvr\rlnze o Zk et Z log, (1 & )
Original Problem subject to zpktk < Poax
> poin, VK EX
maximize EE(©, W) \_ kaovz\D/rgllanllocation Problem /
, —
subject to tr(WHW) < Pnax /rnaximize Py|10]lo + z Prti )
SE, > SEi, VkEX oW K
8, € {0,7}, v € N subject to Zkzlp"t" < Ppax
0, € {0, 7}, vn eN
\_ RIS Beamforming Problem/
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Power Allocation Problem

® Dinkelbach’s Method
® Iteratively update the power allocation P and target function

: 1 Pk N
max1mlze log, |1+ —
OW Py + ¥E_; Drti o5

n
Power Allocation Problem subject to Zpktk <P..
Pk = Pmin» vk e X
K
. (i-1)
PW = arg maxz log,|1+— A AV P+ Z Prti .

o2 N g
1k =0 p®
subjectto ) piti < Pmax,  Pic 2 Prmin e

- A
k=1 K (l) ‘

: 1 pk :

P1+2k 1Byt £ i

[1] C. Huang, A. Zappone, G. C. Alexandropoulos, M. Debbah and C. Yuen, "Reconfigurable Intelligent Surfaces for Energy Efficiency in Wireless
Communication," IEEE Transactions on Wireless Communications, vol. 18, no. 8, pp. 4157-4170, Aug. 2019.
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Analytical solution to the subproblem

® Water-filling-like Solution to the subproblem

/ K K \
PO = arg mlgx Z log, <1 + p—’;) — 26D P + z Prti
s on k=1
subject to Z Prtr < Pnax, W = U
k:

i /

Step 1: Find ¢ such that: ¥,{¢ — tx 0%, tx Pmin} = Pnax

\

Step2: &W =min{¢,1/(2% Vlog2)}

Step 3: p,(ci) = maX{(E(D o tk@%)/tk; pmin}

Power Allocation Problem has been solved up to now
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RIS Beamforming Problem

® Equally transformed to the original RIS Beamforming Problem
® EXxpress it as standard SDP as nearly as possible
® Using matrix X = xx™ to avoid the square term

Non-Convex!

1
p minimize — = Potr(EoX) + tr(Fg (X © Go)FoP 1)t
L N X 4
maximizeFollOllo + ) Pt

-1
K “ subject to tr(F§ (X © Go)FoP™!) <P,
subject to E Bty = R ) -

= tr(E;;X) =1, Vie{12,..,N+1}
\_ 0,, € {0, m}, VREN )

X > 0 (Matrix X is positive semidefinite)

Mixed-Integer!

Original RIS Beamforming Problem

Still Non-Convex!

How to deal with the only non-convex constrain?
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SDP Relaxation

® SDP Relaxation
® Relax the Rank-1 Constrain to acquire a standard SDP
® Randomly projection to achieve the original approximate solution

minimize —lP tr(EgX) + tr(F§ (X © Go)FoP™ 1)1
I 40 0 0 0/%0

i Optimal solution X to the SDP
subject to tr(Fg (X © Go)FoP™!) ~ < Ppayx

tr(E; X)=1, Vie{12,...N+1} 1 Randomly Project
X > 0 (Matrix X is positive semidefinite)
raiee= 1

Standard Semidefinite Programming (SDP)

Approximate solution X

[1] S. P. Boyd and L. Vandenberghe, Convex optimization. Cambridge,U.K.: Cambridge University Press, 2004.
[2] A. M.-C. So, J. Zhang, and Y. Ye, “On approximating complex quadraticoptimization problems via semidefinite programming relaxations,” Math.
Program., vol. 110, no. 1, pp. 93-110, June 2007.
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Simulations

® Impact of the Base Station Transmit Power

14

RIS Elements 64=8 X 8
BS Antennas 8 il
Number of Users 4 :gm :
Pstatic 4W z,l ey
P, Imw - e
Carrier Frequency 3.5 GHz %
Subcarrier Spacing 180 kHz -
Thermo Noise -174 dBm/Hz
Simulation Parameters oo s 6 4 2 o 2 4 6 5 I

BS transmit power (dBW)
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Simulations

® Impact of the Number of RIS Elements

x 10
P transmit 1W u ——tt— SDP Relaxation
BS Antennas 8 N 13@%&5
Number of Users 4 %
Pstatic 4 W \E/i 2T
P, 1 mW &
Carrier Frequency 3.5 GHz Zﬁs i
Subcarrier Spacing 180 kHz - osh
Thermo Noise -174 dBm/Hz |
Simulation Parameters W @ w w m w w

Number of RIS reflecting elements N
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Conclusion

® Construct a Practical Power Model for R1S-assisted systems
« Consider the power difference between ON/OFF states
® Design an Effective Algorithm to the EE Optimization problem
« Design a polynomial computational algorithm for the Non-Convex Mixed-

Integer problem
® \erify the efficiency of the proposed algorithm by simulations

maximize EE(O, W) il
oW

subject to tr(WHW) < Py
SE; = SELin, Vk € KX
0, € {0, 7}, vnenN

=== SDP Relaxation
=—@—= Scarch with Gradient

Existing Method [30] | 4
=== All-OFF RIS
=== Random RIS

ency (bits/Joule)

Energy Effici
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