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(57) Abstract: The present application provides a low-pow-
er-consumption reconfigurable intelligent surface hardware
structure, and a precoding method and apparatus. The hard-
ware structure comprises: a plurality of sub-arrays, amplifica-
tion circuits in one-to-one correspondence with the sub-arrays,
and phase shift circuits corresponding to RIS units, wherein each
sub-array comprises a plurality of RIS units, different RIS units
of each sub-array share one amplification circuit, and each RIS
unit uses a different phase shift circuit. According to the hard-
ware structure, a sub-array formed by a plurality of RIS units
shares one amplification circuit, such that the problem of high
power consumption caused by introducing a large number of ac-
tive amplification circuits into an active RIS is effectively solved,
and compared with a traditional full connection structure, the re-
configurable intelligent surface hardware structure of the present
application can obtain a significant energy efficiency improve-
ment. By means of the precoding method, by taking the maxi-
mum energy efficiency of a system as a target, sub-connection
active RIS amplification control and phase shift control are op-
timized, and the system energy consumed by a large number of
amplification circuits can be effectively saved.
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B4% % (memory)603 F=iB 12 B & 604, L, 43 E 601, BEHED 602,
HA% 5 603 @813 B & 604 T RAD L 893815, R E R 601 TLAAA F
35 603 F 69T 484, ARATIRAFHGF B R DA LEHMH, EF ke
3 ATHATE—ARSEBRGMEA R T — R K OBRG R K ERK, AT
I RIS G R AL, VA SEF RIS 89 KR A HhR5M, AR EL
B3k R AL GG B A AR AL B GG ARAS An Ak K BB 6 A B A R, M A
Fe TRy, B¥, AR Z% AR P 4&sn. RIS Fo R sEM g & 4.

Bl ik ag Gk 2R 603 F 49T A48 AT Ll i AR 2 Ak T e T X
S L FAE H AR 4G F Se Al R AL B, T VA — AN AU ik IR A
MR ATEFGER, KPFORERFTEARAR EXRFHATIA FLAK
IR B RAF ZE AT R T AR = R td T XA E K, %
it R R G E AR T, S TRAAARS -G
X & (TARAANFTEN, REE, RFENLERESF) BATAPHEEAN
TG T AEF G ARRIE> TR, MR ERNTOE: UL, B3
AR # . Rk 4% (ROM, Read-Only Memory ) « ML B 44k 25 (RAM,
Random Access Memory ). B8k 2 4 2 5 Z-F 5T A A A2 A5 K AG 69 R

A—F @, RKPIFERE—FFFEIAS =, Lt ENEF -5
O35 G AR ST FAUT i A AR Ry AR R, BT AL T
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QIER TR A, BT IR AMAT FAPATI, A AL % PAT Lk &
TR TR IR G R R R BREL SN, Eh k0 ATHAYE
— A0 F% &, P G AL A B — AR IR AR B A, oA E IR R IR 6 4k
Ay, AL sEFe RIS R KB ALY REM,, AT RARKRRILYITA
A BRI ABAL A A K BBE A R B A T &R, A BTG AL E;
H, PR R% AR P A%, RIS ik sbM R & 4.

X—7 @, AWIFLER A Y & FAT A0, L5464
B ENALF, & B Ak AL B 35 AT AT 2 A PAT ik & 45 4%
BRI R e R R Ak, EF E 8 ATFTHEYTE— Y
BEAGARALVA R — AR BH A K 23, VAR IV R 69 T4 45 vA K
A RIS IR KR A Y REM, RTIL R R R R PTA AL B %
AL AR K g 2 G AT &R, A BB T £, L+, A
H A G AR P&, RIS fehsbM by 2 4.

VAL PTG 69 K E RS T H ey, ATk AEh o B ER ik
BF) 64 0T VAR R E AT LR M LT ey, VA TR T 63T 2
BREFLTUREMELT,, BT TF—AMF, RELTUSFE S
AP TE, TSR R RO E ZRFLF OGRS RE LA R EN
KA B Y. AR B ARA R AT A% 635 3 ey L
T, PO EMRHF k.

BTV B R F R HGE, AAABBERAR TAF RN T #£3]5
KA T AT A b F 0GRl A 609 5 KR FEI, HRETAE
WA, A TRXAERR, ERABARFTEARAR ERFHAIAEZARABET
BK A 2R TT VA VA B SR 89 T KARIL o ok, i AU ST A AR
P ET i GEAR T, 42 ROM/RAM. #i#k., L&F, @ THRAA
DAESF— & RS (TRA AN AT EA, IRHG5E, RHF WE&REF)
PAT B LI RH L6 0g Lk 35 Pk 6g 7 ik

R B & A L FEHRBA AL R B AR 5 £, mIELT
A BB ARAT A FARGT K IF AT T @it AR e-EaE
PARAANR F B HARRT A AT £ & E 366 it 8 a9 H R 7 R 34T
B, A HE A ARSI BATF B B, M XS RH B, R
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ARAR BLH ATy 0 AT L 8 A 3 & T IR T Rk b AL
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R F R B

. AR AN AR R MR M, 645

&4%%@\5&4%%@f#ﬁﬂ%ﬁk%ﬁ,u&%&&”%
A @ RIS 703t 5 694845 &, 9% ;

LF, BATEI 0ES A RIS 24, HATHEF 6 RE RIS 24
R —ARKEIEE, FA RIS £ U048 F 7 F A0 4% & 3%,

2. —FEFARAZR TR G R R BBt E TS
Tk, 635

A TFTHRADE B EBRGIEAR T — R K BIBGRK A, AE
ok R IR 6 TR 4 Ay

VAR SEFe RIS 49 IR K & h 49 R &M, w4 2 G i 80k KAL 8 BT
A ADF G AR AR R B R EAGIRAT SR, AT BTG AS7
%

£, PR A% AR P ALSE. RIS Ak sh M ey & 4.

3. ARIBAF] B K 2 BT 69K Th 30 %7 A AR R 0 BB 45 M) 04 TR AL
E, B, TRAZAARBBREZLETERERLAR LI ALH T,

4, ARIERFZER 3 TR GIRD AR A R T B A 45 A 0 T A TF
., %k%&&%% b RLIR R AL 69 PR ARAS W, 94 69 AR A Ao 2k K L 34
6 R HGAT L RZAT, E Qg

HRAE BT AT ) P &sm A FRRAE S g5 Rk, AR R R SRR,

5. AR A|E R 4 PTiE %mw%%ﬁﬁﬁi@&% & M) 69 TR AL
%, H, FTRARIERTH B PSRRI TR R %&%%ﬁ%ﬁ
RZFT, XLaFE, REFETRAALE A P &3 &\fﬁﬁr—wﬂﬂa*fa‘éﬁﬁa

SINR,, = L

ST R

A, KAHRSERSOGRA PE, j. kATHEGENSAF; HY =
hil + fIPGER 73353 A Pkt 2128 ; W= diag(@l'a) & =4 & RIS &
EERWAAEE;, @ e CVNVETH AABIERE, ae RVIATHRKAHSG
%, NAHAHRISETEH, LEATFRARKELREHE; Te VLR THRKBKA
MA R EE KR, hy € CM, G e CVMApaf, € CVI 53 kT sk Fe
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B P k. E3EFH R RIS. VARK R RIS A2l P kX A 694538, MAE3EXR
KH; wi wy € CPURFESER KRR @18 2. 0?25 HA R RIS 3]
N B AR F A P AL 6 Aotk 5 1 & R B 6 A

6. IRAE BB R 3 ik 0915 3 2564 47 45 A8 & @ BB A 25 A 04 TR 4 A 5
e, HP, PR EAR A AR KA GG BT ARAS w35 ek K d 3404 8
GRZA, LOERBELTAXAZLRAEL IR,

K K
P:fEﬁwMF+C(§NWGWﬂ2+WﬂFﬁ)+KW@+M@y+NW3+LWM,
k=1 k=1

HF, EFelk T AEFH R RIS e Z 54 A 369 BI3, WyFWok
TR Pt Fa R sE 0 S A, WpsFaWp, R T AR, & 35 Fu 30 K ¥, 94049 %
AAA; KAHESERSGA P, kEkTHLGENR P, w, € CMIE T
Hsbik xR @ 2; W= diag(@Ta)& TH & RIS #9 & RIXH4E%; O €
CVN R waxF AARAS4EE, ae REVRTHKEZHGE;, TeCVIATRK
WA AS B EE KX R 6 € CVMEFESEFH B RIS X 18 6912
#H; NAHRISETEH, LERTHAKELEKE,; c2HARRIS FIIANNH L
EFRLE S 3

7. ARIEAH B K 3 B R 6K 3 204 K7 8 A K T BB AR 45 M) 64 TR AL 5
., b, BT EAL R G A8 KA B BT AR AL L 34 69 AR AL Ae Ak Kl 7
AR GGETER, A EG TSRS TR, LiF:

S1. /&R 5 XBEMALT L REMFEH 2 %ML A h A 22
AR =) A

S2. & FA B B B A EFI NGB R 2, A AR F A
i AR AR 8] A

S3. BRHAWMEBTRE, BIAFIRAMICHE T B, bk FRA .
KB RIS AKi=4| 5B 126 R £,

S4. £H S3, A E B AFRHHKSL

S5. €4 S2-S4, AZHFHFKAE 0, I FIGHTLBFTEHA
R KA R SRz e9 A R RIS Flge Aoy &

8. —HEATHAZRK 1| TR IKRAFG T B R BBt Z YT
R E, L5
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S ERAEE, B TR FHAT E A0 B3R AL A B — 3 K & 9% 44
KK BE, A EILERIRA 69 T 4% 40

R FAES, B T SEF RIS IR KA R A Y REM, HEMELEZR
Be 3 R KA GG B A AR A B3k e A Aok K 93400 2 009D & R, AE AT
JL 64 T 9 A

o, BT A% AR P A&sh. RIS Ao sk sb M ed 2 4.

9, —FbdFikE, OEHGME. RERRAEMAETALGMHE LT
R R PEATG AN, L, AL RRATHERS T
A F|E K 2 £ T1E—R PR IR AL 69 4 G848 R @ AR 1 45 M 69 TR A1 o
IR,

10, —#F I S AT R AEANR, L LAEHETENES, H
., BTkt B AR AL B B AT I R e AR A 2K 2 £ T AE— AT AR
ALK AR R E AR M G TR AL T R 6 SR

16



PCT/CN2022/102301

WO 2023/071264

1/3

(a) FTIFERIS

(b) £ZEEF RIS

A1

)



WO 2023/071264 PCT/CN2022/102301

2/3

1
2
&
&
=
|

I
b
el
iy
=
|

B L

ot
&
&
3R
I

A 3

b2
= 9]
P, )

b
<

HEAK (bps/Ty
[e]
-

12
t>

e PR

SH RIS | -~ .
—— TIEBATHRIS - o
= = EERIS ~ o

PR N

i~
[+

{ it 100 130 30 258 308
B fe il (m)

A 4



WO 2023/071264

PCT/CN2022/102301
3/3
B B R T
Y EChi U L E
A A B 001
A7 A 002
i 5
TR ~
A TR iR
#EEL n . >
604 1l 602
WREED /J




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2022/102301

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 52/02(2009.01)i; HO4W 52/26(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT; ENTXT; ENTXTC:; [EEE: Reconfigurable Intelligent Surface, fUA FLE:, SIREM K I, HUASS, RIS, FH55, amplifier,
phase shift, t%, 2:H], share

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 114040478 A (TSINGHUA UNIVERSITY) 11 February 2022 (2022-02-11) 1-10
claims 1-10
X LIU, Kunzan et al. "Active Reconfigurable Intelligent Surface: Fully-Connected or Sub- 1-10
Connected?”

1EEE Communications Letters, 13 October 2021 (2021-10-13),
sections I-IIT

A CN 113241530 A (HUAZHONG UNIVERSITY OF SCIENCE AND TECHNOLOGY) 10 1-10
August 2021 (2021-08-10)
entire document

A WO 2021207748 A2 (FUTUREWEI TECHNOLOGIES, INC.) 14 October 2021 (2021-10-14) 1-10
entire document

A CN 111010219 A (SOUTHEAST UNIVERSITY) 14 April 2020 (2020-04-14) 1-10
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report

16 September 2022 23 September 2022

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2022/102301
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 114040478 A 11 February 2022 None
CN 113241530 A 10 August 2021 None
WO 2021207748 A2 14 October 2021 None
CN 111010219 A 14 April 2020 None

Form PCT/ISA/210 (patent family annex) (January 2015)



E R ERS [ i
PCT/CN2022/102301

A ESIRbaES
HO4W 52/02(2009. 01)i; HO4W 52/26(2009.01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. R
R R AR IR PR BESCIR (BRI r R R0 2R 5)
HO4W

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

e P R I & 10 H 1 R e (B R A4 A, AR A CanfiE DD )

CNTXT; ENTXT; ENTXTC; IEEE:Reconfigurable Intelligent Surface, FKHLEE, HESHEEFME, HOKER, RIS, HE,
amplifier, phase shift, 3=, 3£F, share

C. HEZH
% AU SIS, BB, JREHMHREE PRI
PX CN 114040478 A (FHKRZ) 20222 H11H (2022 - 02 - 11) 1-10
AR FER1-10
X LIU, KunzanZ. “Active Reconfigurable Intelligent Surface: Fully-Connected 1-10

or Sub—Connected? ”
TEEE COMMUNICATIONS LETTERS, 20214E10H13H (2021 - 10 - 13),

SEI-TIIY
A CN 113241530 A (%erpRlE %) 202198 H10H (2021 - 08 - 10) 1-10
23
A W0 2021207748 A2 (FUTUREWEI TECHNOLOGIES, INC.) 20214£10H14H (2021 - 10 - 1-10
14)
23
A CN 111010219 A (ZREFKF) 202094 H14H (2020 - 04 - 14) 1-10
23
[ st iteck o g o, ISR
gl FSCPFEY BARETY, “pr e R RN D 2 S A, 5 AR, {H D TR
“A7 PCHAEE RIS IR T BT HAR — BORA B SOk G e e
“g” EE%$%E%%%&ZE®E%E%$%&%% X GHESHIH, BERERTE, URERRPHZATR
“L7 ATRERTORSEAR SR MR SO, SRR S A R v o \
X i VMR, Sp s R
Q%E?ﬁ%%mﬁ%lﬂm%%ﬁmﬁ%%mxﬁ<WE% LS Sl O e it
“07 WROSATF. . BB R A TR “”ﬁfﬁﬁ@@ﬁ
“pr A E T B IR FE B AR F AR RS AL B R St @ R
I o A R S 5 i ) 1 4 El pror =S i 5 #
20224£9 H 16 H 202249 23 H
TSA/CNff 42 % AL 25 R B
] B 2 50 R 2 4R) (TSA/CN) g‘[ﬁffﬁfé\
b L RO R B TR HIRR6'S 100088 i
f£E5 (86-10)62019451 i 519 86-(10)-53961658

PCT/1SA/210 3 (58271) (20154E1 1)



B ERS s
= k g \ Eg\
KT FIRERIRIES PCT/CN2022/102301
N N

Ko s 51 A S RIS @/Z?E/Ea) I @E/Ea)
CN 114040478 A 20222 H11H T
CN 113241530 A 20218 H10H T
WO 2021207748 A2 202110 H14H T
CN 111010219 A 20204 H14H T

PCT/1SA/210 R (FMIREFMM) (201551 )




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

