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Objectives of 6G Communications

New applications (e.g., holographic video) drive the upgrade fromG to 6G
Extended from 3 to 6 scenariosof IMT -2030 (6G): Compared with 5G3 new scenarios
are ubiquitous connectivity, Al and communication, ISAC
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Key Performance Indicators (KPIs) of 6G

KPIs of 6G should be orders of magnitude higher than those of 5G, e.@(x data rate
New capabilities should be considered, e.g., coverage, senskigrelated capabilities,é

bilities of 1y
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KPI 1: Spectral Efficiency

6G is expectedto achievelOtimes higher spectral efficiency comparedwith 5G
The higher spectral efficiency can be achievedexploiting spatial multiplexing, which requires
significantly increasednumber of antennas
U 4G: 2-8 antennas A 5G: 64-256antennas
U 6G: 1024+ antennaswith ultra-massiveMIMO (UM-MIMO) and cell-free massiveMIMO
(CF-MIMO)

1024

Number of antennas

128
2-8
-
4G 5G 6G UM-MIMO CF-MIMO

W. Jiang, B. Han, M. A. Habibi and H. Bchotten Thi&é Road Towards 6G: A Comprehensive SurviBEE Open JCommun Soc, vol. 2, pp. 334366, Feb. 2021.
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KPI 2: Peak Data Rate

100 peak data rate improvement for 6G
U UsingmmWave and THz can achieve thigmprovement with the abundant spectral resources

U Very large antenna arrayis required to counteract the seriougpath loss in highfrequency band

E]

Ground plane

Graphene/
m I e
Appl2
w/ Dielectric
as ic
n ’ ¢ ' 1 ) 1 1 ; '

.
N

OHz | 6GHz 30GHz.~ . 100GHz; 300 GHz © 7 10THz

120 MHz < 400MHz | 20 GHz

i 1 -
-+ » I

h . ! : 1-10 mm
1024 1024 elements for

THz band (0.0610THz) [t

Yy .
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KPI 3: Coverage

By dynamically manipulating the transmission environmentyeconfigurable intelligent
surface (RIS)brings new possibilities for capacity and coverage enhancement
Thousands ofantennasr e usually employed to over
effect of RIS

RIS
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vol. 18, no. 8, pp. 4154170, Aug. 2019.
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Extremely Large Antenna Arrays (ELAA)

ELAA is the common feature for the above technologies
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Massive MIMO vs. ELAA

Massive MIMO ELAA

Architecture

Number of antennas 64 ~ 256 1000+
Array aperture Big Bigger
Beam gain High Higher
Precoding complexity High Higher
Beam management Difficult Very difficult
Power consumption High Higher

Is there anyfundamental changebetween the massive MIMO and ELAA

NearField Communications for 6G: Fundamentals, Potentials, Challenges, and Future Directions



Electromagnetic Propagation: NearField vs. Far-Field

Electromagnetic (EM) propagation can be divided intdar-field and near-field regions
U Boundary of these regions is th&®ayleigh distance

U In far-field, EM propagation can be approximately modeled by thelanar wave
U In near-field, EM propagation has to be accurately modeled by thepherical wave
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It has acritical difference of the EM characteristics between the neatfield and far-field

M. Cui, Z. Wu, Y. NearieldXIMO Wenimunicaions for 6G: Fudaaingntal$) challenges, potentials, and future dirediEEEECommunMag, vol. 61, no. 1, pp.
40-46, Jan. 2023.
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Near-Field for ELAA

5G with massiveMIMO : Users are located in thdar-field region
6G with ELAA : Users are more likely located in thenear-field region

Evolution from massive MIMO to ELAA results in fundamental changeof spherical propagation model

M. Cui , Z .

40-46, Jan. 2023.

Table I. Rayleigh distancegm] (Typical 5G cell radius: 150-250 m)

N 3 GHz 7 GHz 28 GHz 142 GHz
0.5m 5m 12 m 47 m 237 m
1.6 m 51 m 119 m 476 m /
3.0m 180 m 420 m / /

Wu, Y. Nearfield XIIMO Wenimunicaiong for 6G: FuDdaingntald) challenges, potentials, and future diredi&EECommunMag, vol. 61, no. 1, pp.

NearField Communications for 6G: Fundamentals, Potentials, Challenges, and Future Directions




Prototypes of ELAA for Near-Field Communications

MIT: 320Celement ELAA@2.4 GHz Rayleigh distances00 m
Tsinghua: 2304element ELAA@28 GHz Rayleigh distance?25 m
Qualcomm: 4096element ELAA@13 GHz Rayleigh distanced5 m

6G Giga-MIMO

MIT : 320GelementELAA Tsinghua: 2304element ELAA Qualcomm: 4096-element ELAA

[1] M. Uusitalg P. RugelandM. Boldi, E. C. Strinati andY. Zou, iRFocus Beamformingusingthousand®f passiveantennags i Proc. 17th USENIXSymposiunon NetworkedsSystem®esignand
Implementation( N S 20), Feh 2020

[2] M. Cui,Z. Wu, Y. Chen,S. Xu, F. Yang,andL. Dai, iDema Low-powercommunicationbasedn RIS andAl for 6G, i Proc. IEEE ICC, May 2022 (IEEECC20220utstandingDemoAward)

[3] QualcommfMWC 2024 Wirelessinnovationsenablingintelligentcomputingeverywhere Qualcommfeh 2024 [Online]. Available https//www.qualcommcom/news/on@02402/mwc-2024
wirelessinnovationsenablingintelligentcomputingeverywhere
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Applications of Near-Field Communications

Near-field spherical waves enablesear-field beamfocusing
Communications

Increased capacity
through signal focusing

\ 4 .

+ \ Sensing and Localization
me e ﬁ
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— = [~ Higher accuracy
»’é/ through distance sensing
@‘mﬁ
Near-Field

Beamfocusing Wireless Power Transfer

A ﬂ Improved efficiency
= through energy focusing
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3GPP Proposals for NeatField Communications

In Dec 2023 and Apr. 2024 3GPP has approved the 7-24 GHz channel modeling
proposals,where near-field propagation is an important researchtopic

G

3GPP RAN1 Meeting #116-bis R1-2403261

)

Changsha, China, 15 April — 19 April, 2024

ADVANCED Source: [ 3GPP RAN1 Meeting #116-bis R1-2403280

Title: | Changsha, China, 15 April — 19 April, 2024

A GLOBAL INITIATIVE Agenda { Sourc| 3GPP TSG RAN1 Meeting #116-bis R1-2403285

3GPP TSG RAN Meeting #102 RP-234018 Documel Title: | Changsha, China, 15 April - 19 April, 2024
: th _ 4 gth
Edinburgh, UK, 11 15" December, 2023 Agend Sotirco: BUPT, CMCC
o —— -
Source: Nokia, Nokia Shanghai Bell Docur Title: Discufssion' on modelinglnear-field pro_pa_ga_tign_’hnd spatial non-
Title: New SID: Study on channel modelling enhancements for 7-24GHz stationarity in TR38.907 for 7-24GHz
for NR _ T
Document for:  Approval Agenda item: 9.8.2
Agenda Item: 91.1.8 Document for: Discussion and Decision
Proposalat 3GPPTSG RAN Meeting in Dec. 2023 Proposalat 3GPPRAN1 Meeting in Apr. 2024

[1] RP-234018 Studyon channemodellingenhancementer 7-24 GHz for NR. Edinburgh 3GPP,Dec 2023

[2] R1-2403261Changego TR38.901 Changsha3GPP,Apr. 2024

[3] R1-2403280 Discussioron channeimodelvalidationof TR38.901for 7-24GHz Changsha3GPP,Apr. 2024

[4] R1-2403285 Discussioron modelingnearfield propagatiorandspatialnort stationarityin TR38.901for 7-24GHz Changsha3GPP,Apr. 2024
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The First White Paper on NearField Communications

The first white paper on nearfield technologies released a&lobal 6G Conference 2024
Contributed by 200+ peoplefrom 40+ global entitiesof 12 countries

Consultants

Tiejun Cui ( tjcui@seu.edu.cn ), Southeast University

S 202
PIRELRNAG
GLOBAL 66 CONFERENCE

Ping Zhang ( pzhang@bupt.edu.cn ), Beijing University of Posts

and Telecommunications

Xlaohu You ( xhyu@seu.edu.cn ), Southeast University

‘ Yonina Eldar s\, onina.eldar@weizmann.ac.il ), Weizmann

6G Near-Field Technologies Institute of Science
White Paper

Editors in Chief

qup ,Z,h@g ( zhao.yajunl @zte.com.cn ), ZTE Corporation
‘~ Linglong Dai (}Idlll (@tsinghua.edu.cn ), Tsinghua University

[ ey
Jianhua Zhang ( jhzhang@bupt.edu.cn ), Beijing University of

Posts and Telecommunications

‘;_.5‘ scunrenmcs

|
! 14|

The first white paper Released at theslobal 6G Conference 2024 QR codefor download

Y. Zhao, L. Dai, J. Zhangt al 6 inea#field technologies white papeBuTUREForum, Nanjing, China, Apr. 2024.
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Far-Field vs. NeakrField

planar waves where the phaseof the EM waveis a linear function of the antennaindex

phaseof the EM waveis a non-linear function of the antennaindex

Far-field Near-field

0 — i ¢y L
VYVYVVYYVY -
SRR Crrrrrrrrr e rror
|| | | | | | || | | | | | | | | | | | | | | |
nE——sq g
Distance:Q  £€Q—.! Linear Distance:i Vi € 'Q  ¢g'Qi —  Nondinear
Phase:%o — —&Q— Phase:%o ( ) (Vi £€Q ¢Qi )

N~

Antenna index:¢ N O FE hiE AY Antenna number: O

Far-field: the EM wavesimpinging on the antennaarray can be approximately modeledas

Near-field: the EM waves have to be accurately modeled as spherical waves where the

U p
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Definition of Rayleigh Distance

The metric to determine the boundary betweenthe far-field and near-field regionsis the Rayleigh distance

Rayleigh distance The planar wavesare a long-distanceapproximation of the spherical waves When the
largest phaseerror 3 |%o %0 | betweenthe accurate phase%o. and the approximated phase%. Is
| A® “ Ty thenthe Tx-Rx distanceis the Rayleigh distance(RD), satisfying

2% —,
where O denotesthe array aperture, and _ is the wavelength

Near-field Far-filed
O -
Y | Spherical wave * & B Planar wave
Y *\\ﬁ Rayleigh distance | i
m/ CO 7_ LT
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J . S h ePropeaies of fotused apertures in the Fresnel rediBE Trans. Antennas Propagol. 10, no. 4, pp. 39908, Jul. 1962.
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Derivation of Rayleigh Distance

. To derive the Rayleigh distance,it is essentialto derive the specificvalue of phaseerror

3  |% %o |,where% —(vi € Q ¢& Qi —)and%o —& Q—
%o —I (\/p p) —1 (p () é(—) p)
—to—tQ £(-
C (), ¥ Phaseerrora —“& Q
|
Far-field phase%o Phase errors

. %o Is the approximation of %o through first-order Taylor expansion Therefore, the
phaseerror 3 is mainly determined by the secondorder Taylor expansion
. By maximizing the phaseerror 3= acrossthe entire array

— 1T
{ H& —“0Q — - »‘l » 2% —
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Near-Field Ranges for Typical Scenarios

the Rayleighdistance
For the RIS scenario,the near-field range is determined by the harmonic meanof the BS-RIS distance

(

)

1 and RIS-UE distancei

The near-field range of SIMO/MISO is exactly determined by the classicalRayleigh distance—
For the MIMO scenario,both the BS array aperture O and the UE array aperture O contribute to

Communication
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M. Cui , Z . Wu , Y.
40-46, Jan. 2023.

Nearfield XIIMO Wenimuynicationd for 6G: FuDdaingntaléi challenges, potentials, and future dired&#ECommunMag, vol. 61, no. 1, pp.
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Near-Field LoS Channel Model

5

Base station (BS) antenna number 0
O 0

cU

p 'Q the location of the ¢ -th antennais TE 'Q where & N

p, antenna spacing’Q _¥¢, array aperture
U hE hrthe ho

The channelbetweenthe ¢ -th antennaand the userlocatedat (i A It DO E J is

Generally, the complexgainsare very similar wheni

0

Complex gain

— ) ()

QIQ QQ

Near-field phase%o
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E. Bjgnson, O. T. Demir, and L. SanguinettifiA primeron nearfield beamformingfor arraysandreconfigurablentelligentsurfaces @ Proc. 202155th Asilomar Conferenceon

Near-field array response vector

Signals,Systemsand Computerspp. 105112 Oct 2021
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Near-Field Multl -Path Channel Model

The multi -path channelcan be representedasthe sum of U near-field array response
vectors

Scatter p distancebetween the BS and the&th scatter
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X.Yin, S. Wang, N. Zhangnd B. Ai,fiiScatteretocalization using largecale antenna arrays based on a spherical-fvareparametric mod@ IEEE Trans Wireless Communvol. 16,
no. 10, pp. 6548556, Oct. 2017.
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Far-Field Beamsteering vs. NeafField Beamfocusing

y-axis[m]

-30 r

-50

Far-field beamsteering(Far-field beamforming): the transmitter can only steer the
radiated signal energytowards a specificangle

Near-field beamfocusing (near-field beamforming): the spherical wave is able to
focusthe radiated signal energyin a specificspatial Ioocation

|

[0 User location

[0 User location

Far-Field Beamsteering
Near-Field Beamfocusing

Array gain

0 10 20 30 40 50 o 5 10 15

_ Focused
X-axis[m] X-axis[m]

~ point .
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Far-Field Beamsteering Near-Field Beamfocusing Distance 7 [m]

H. Zhang,N. ShlezingerF. Guidi, D. Dardari,M. F. Imani,andY. C. Eldar,iBeamfocusingfor nearfield multiuserMIMO communications EEEE Trans WirelessCommun vol. 21,

no. 9,

pp. 7476 749Q Sep 2022
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Array Gain of Near-Field Beamfocusing (1)

Array gain provided by beamfocusingon the sameangle but different distances
U Assumea userislocatedat iR—, thenthe correspondingLoS channelis

- o Q[Q (T IR (I JFER (F D]

whered ¢ pandQ ¢“7_denotethe wavenumber.
U The purposeof beamfocusingis to compensateor the phasevariation betweenantennas,
therefore, the beamfocusingvector aligned with the location if— is

A 4

P e oI
o (1f W+(lﬁ% W[Q(r IFErf (F I/ (F U]

U Then, the normalized array gain achievedby < = (i[5 at any other user located at
i h—is
Ny IR R ” I( F]) O ﬁ || . B ; F)
SR LT ST | 2 |
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Array Gain of Near-field Beamfocusing (2)

Lemma 1. the normalized array gain achievedby :: =|=Z (i at the user location ih— is obtained
through Fresnelapproximation as

oy PR ‘ ) = () ()

@hfpy -8 o & | @) | |

where] \/ ( )‘— —[L 6G) . Al (G')c‘) )A(‘)and f) . O E(J?O )N)are Fresnelfunctions.

Proof:
U Basedon the secondorder Tayler expansion,if) andi  canbeapproximated as

i Vi CEQIEQ i t0Q ¢ if) i EQ——t 0
0 Thenwehave@i () 1) @) i) =&g — )(_r —) “& oy therefore
~ s \/_
@Whfy -8B | —| Q & [—=

M. Cui andL . DCannel etimation for extremely largeale MIMO: Faifield or neasf i e IIHEE TramsCommun vol. 70, no. 4, pp. 2663677, Apr. 2022.

() ()‘
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Array Gain of Near-Field Beamfocusing(3)

Near-field array gain of planar arrays and RIS
U A similar result with that of the linear arrays

Propagation distance (z)

E. Bjanson, O. T. Demir, and L. SanguinettifiA primer on nearfield beamformingfor arraysandreconfigurablentelligent surfaces i Proc. 202155th Asilomar Conferenceon

Signals,Systemsand Computerspp. 105112 Oct 2021

Fresnel functions
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Characteristics of NearField Beamfocusing

The beamfocusinggain dependson the function '@ ) |--—-|and the parameter]

4 )

WHES  a) |() ()|

Distancewindow
U |"df )| showsa significant downward trend

C
U To guaranteethe array gainis larger than 3, we have ! \] |‘ 'l

()l s o= —2 Al s
2
-

| | ‘ r () f T )]
distancewindow lN[ . ) lh C )

Limit performance analysis
U Array gainat zerodistanceiOEI"m ) 'q W) T

U Array gainat infinite distance CI) EffG )l @0 Qe —)TF ¢l
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Simulation Resultsof Near-Field Beamfocusing

Limit performance analysis
U Array gainatzerodistance | B'Qf )| '@ H)| m

U Array gainatinfinite distance | EI'G )| [|[dy0 Q( —)T ¢l

, Distancewindow . o TN\ T iy G 70720 »
. 'l— ~ r ; | ! :_—_ (E)C[:S(;lei’icz rray Gain
l N [ qu ] 0.8 : : : -— -?he lov(ie}:s)t ditstance with I' = 0.5 | 7|
Paramete rS ( ) ( ) I 1 1 = = = .The largest distance with I' = 0.5
b g o8 { | Array gain floor |
Parameters Values > ' - y9 —
@ ' -
Carrier 30 GHz 204t — : ‘ O(\J r )‘ ]
Array structure 256-ULA | : \>
02k 1 1 1 i
— zx i :
ir 15 meters ; L :
@ 1“0 ' 2|o I3|0 4|o 5|0 6I0 7|0
E 0.5 Distance 7 [m]

[1] M. Cui andL. Dai, iChannelestimationfor extremelylargescaleMIMO : Farfield or nearf i e [IEEE Trams Commun vol. 70, no. 4, pp. 26632677, Apr. 2022
[2] E. Bjagnson, O. T. Demir, and L. Sanguinetti,fiA primer on nearfield beamformingfor arraysand reconfigurableintelligent surfaces & Proc. 2021 55th Asilomar Conferenceon
Signals,Systemsand Computerspp. 105112, Oct 2021
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Proposed Effective Rayleigh Distance

Derive the effective Rayleigh distance from the view @frray gain loss

7

\

~

Classical Rayleigh distance (RD)

U Definition: When the largest phase error between the
planar wave and spherical wave is “ T, the Tx-Rx
distanceis

2% —

s

\

Effective Rayleigh distance (ERD)

U Definition: When the array gain lossof the far-field beam
In the near-field regionisup , the Tx-Rx distanceis
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M. Cui, L. Dai, R. SchoberandL. Hanzq fiNearfield widebandoeamformingor extremelylargeantennarray, BEEE Trans WirelessCommun earlyaccessiMay 2024
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Limited DoFsfor Far-Field LoS Channel

Based on planar wave assumptions,degreesof freedom (DoF) are limited in line-of-sight
(LoS) far-field channel

Distance: Q £ Q —

c o Phase:%o S— — 0 —

o LoS

% LoS path ’E A Far-field steering vector '

‘. j’i"“;/ Hibo —pi0—  fEflo  —
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g Receiver € | :'ti— )H (— )’
Transmitter _ Y _

Far-field channel Rank-one matrix

The rank-oneLoS channelcan only support one data stream

O. Ayach S. RajagopalS. Abu-Surra Z. Pi, andR. W. Heath,fiSpatiallysparseprecodingn millimeterwave MIMO systems BEEE Trans WirelessCommun vol. 13, no. 3, pp. 1499 1513 Jan 2014
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From rank-one channel to highly ranked channel

The rank-onefar-field LoS channelis not valid any more in the near-field region
Basedon spherical waves the near-field LoS channelbecomesighly ranked
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IncreasedDoFsfor Near-Field LoS Channel

The DoFs can significantly increasein the near-field region when both BS and UE are

equippedwith ELAAS
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The capacity is expected to bsignificantly enhancedwith increasedDoFs

[12] D. A. Miller, iWaves modescommunicationsandoptics A tutorial, Adv. in Opt. andPhoton, vol. 11, no. 3, pp. 679 825, Sep 2019
[13] N. DecarliandD. Dardari iCommunicatiormodeswith largeintelligentsurfacesn thenearfield, BEEE Accessyol. 9, pp. 165648 165666, Sep 2021
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Limitation of hybrid precoding architecture

However, limited by the small number of RF chains the classicalhybrid precoding can not
efficiently utilize the increasedDoFsto enhancethe capacity
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Distance Aware Precoding Architecture

Basedon the distancerelated DoFs in the near-field region, the distanceaware precoding
architecture is proposed
The number of activated RF chains can be configured to match the increasedDoFs in the

near-field region - e S— \ B
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Z. Wu, M. Cui, Z. Zhang,andL. Dai, fiDistanceawareprecodingfor nearfield capacityimprovementin XL-MIMO, @n Proc. IEEE 95th Veh Technol Conf (IEEEV T @2Spring)
Helsinki, Finland,Jun 2022
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Simulation Results

In the distanceaware precoding architecture, the number of RF chains can be flexibly

adjustedto match the spatial DoFs
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and Hergyaicienthgbad ahalog @nd digital precoding fomwaveMIMO systems with large antenna arrayeEE J. Sel. Areas Communrol. 34, no. 4,

[2] X. Yu, J. Z. J. Shen, and K. Betaief Alt@rnating minimization algorithms for hybrid precoding in millimeter wave MIMO sysfelBEE J. Sel. Areas Communrol. 10, no. 3, pp. 48500, Apr. 2016.
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Challenge of SDMA for Far-Field Communication

Spatial division multiple accesYSDMA) is employedby massiveMIMO to multiplex
data streamsto different usersfor improving spectral efficiency

In massive MIMO systems far-field beamsteeringvectors only focus on specific
angles,which enablesthe multiple accesdor usersat different angles

-----------------------------------------------------------------------------
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communications

Users at thesame anglecannotbe simultaneously served bynassive MIMO with SDMA
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Mitigated Interference with Near-Field Beamfocusing

Far-field beamsteeringvectorsfocuson specificspatial angle

Near-field beamfocusingis capable to focus on specific location,

leveragedto mitigate inter-userinterferences
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Near-field beamfocusinghas the potential to serve users at theamespatial angle

H. Zhang,N. ShlezingerF. Guidi, D. Dardari,M. F. Imani,andY. C. Eldar,iBeamfocusingfor nearfield multiuserMIMO communications EEEE Trans WirelessCommun vol. 21,

no. 9, pp. 7476 749Q Sep 2022
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Multiple Access for NearField Communications: SDMA or LDMA?

Far-field SDMA: Usersat different anglescan be servedby orthogonal far-field beams

Near-field location division multiple acces(LDMA) : Users at different locations can
be simultaneouslyserveddue to property of near-field beamfocusing

The polar domain representation

The angular domain representation 6

Far-fiel DI\/IA/

Neér—fie ]

Y (meters)
o

X (meters) X (meters)

Compared with far-field SDMA, near-field LDMA provides anew dimensionfor capacity improvement

Z.Wu andL. Dai, iMultiple accesgor nearfield communicationsSDMA or LDMA? 0 IEEE J. Sel AreasCommun, vol. 41, no. 6, pp. 19181935 Jun 2023
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Distance Domain AsymptoticOrthogonality

. Far-field orthogonality in angular domain
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Simulation Results for LDMA

5
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Emerging Dynamic Metasurface Antennas

Emerging antennatechnology -

u Scalable
u Low power
Dynamically configurable radiation pattern

Applications

U Microwave imaging

U Radar systems

U Satellite communications
Intelligent reflective surfaces

BS with

traditional antenna

Passive reflective metasurface

Reflective metasurface

~

U Shlezingeet. al 1920

U Collaboration with the group of Prof. David Smith
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Dynamic Metasurface (Analog Precoders)
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Near-fileld Channel Model with UPA

., We consider a downlink multi-user
MIMO systemwhere the BS employsa
uniform planar array (UPA)

, The signal received by the ath user,
located at p (w hw i ) is given
by
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0 otherwise.
Radiation profile

HZhang, N. Shlezinger, F. Gui diBeambfocusiiydor rebafield multi-dder MIMO lcomananicationstiBEE Trans. WEeles€Brhndug 2022. i
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Near-Field Communications with DMAS

Near-field multi -usercommunicationswith DMA ™

The aim is to design the transmission beam
pattern to maximize the achievablesum-rate
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Simulation Results
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Beam focusing can not only increase the signal strength of tkerget point but alsodecrease

the interferenceto other non-target points located in the far field

H. Zhang,N. ShlezingerF. uidi, D. Dardarj and Y.CEldar 6Qiwireless communications: From-fagld beam steering to neéield beam focusing BEEEE CommunMag, Apr. 2023.
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Simulation Results
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Beam focusing can simultaneously serve multiple users located at the same angular angle

whereas beam steering is unable to distinguish these users

H. Zhang,N. ShlezingerF. uidi, D. Dardarj and Y.CEldar 6Qiwireless communications: From-fagld beam steering to neéield beam focusing BEEEE CommunMag, Apr. 2023.
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Radio Frequency (RF}Based Wireless Power Transfe

6G networks are envisioned to support the
Internet-of-Everything (IoE) applications suchas
In-home setups as well as industrial and
commercial settings

Most of theseloE deviceswill be either battery-
poweredor battery-less

How to prolong the lifetime of theseloE devices
becomesa key challenge

RF-basedwireless power transfer (WPT) allows
to power up or charge wireless deviceswithout
requiring awiring infrastructure .
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