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ABFZHEAESTHERS .. B2HTEBHEERENRE LAY QXL 4ERT5E R, A% 9
LRI R VER. FoHTEEBES VAU HTESRE T (Singular Value
Decomposition, SVD) 3R, W R m A L & FER L A& R EHSRIEEIF#HITIZEN
— RSB R, BR] LIRIESE A TMRmIBEEIS RS R WE A E 45 PiER
G

[0072] —Rl.iZ% Rl Aim BIRGERIEE 1x & RERIE T, K@il IR RL EE RS &
BENE TR SE LRI T IR FiTH={5i8 (Physical Downlink Shared Channel, PDSCH) f4
BAWEIE)ZE . KBmifiE il B3R WS B MBI REVT R 20, 25 A B o pE 5 A 1tk
AR, AL H R,

[0073] - {FiEF SR QI, QI N5 Fth (Signal to Interference plus Noise
Ratio. SINR) FOE{b{E. RIELL N7 NEE ik OOl 4R¥B 55 — 4 F4niD 56 M EHE R E B
SERTIR Q DR iR OXT R K Q-5 B S THEFT R B — 3058, IRIBETIR 55 _ 2% Tiidm
MEFEREFE N HI Rl BAE B T mS M, RI|IR E —FREENNRE R AgRmiISHE
MR NS, RIEMEE S REE. TIESH IRV RS E S R4 E
SINR, R Arif SINR 52 B Fid CQI.
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P 44 it ot A MR e L ELEEI B 3 IR W 310, Kb H' = Hw'™ AT al € o))
R O RS E G THE, ZE80A N X L. HA— DT L5 E BN, 450 NoXN.
(00771 - AEREN T, eSS W R 2R R B CS1 845 % R HREEEIE R E
BEBRIRRFEAI R IR O E 0.8 B M4mISF FEEIE R RILCQI &£, HMRIRRZITET
Do 48 1% & 3 BT ik #8902 T AT SR BT SR H BT BR 578 RI BUAE Y 1, BHRE T & imE M E A
A Rekim 5 HERigdF 1 A K& D, B0 Q = 1, B 2605 RSET CST Haf DU S REL0mi%
BFRRELmORHRE Q. UERE RIMmiEBHEEER-

[oo78] TEEE 102 b, MBS EZW I m B ENSIEE — R TREHEERERE R
CSlZza. BIEFE—RMRIZHEER S EL. ATHFRESMESHA ITREHROP, &
MEEIR D Q RN 1, FERRIR AUk IRAT Q D RERNE 1 BT RLRY @ A i SR R AR
B RgmiDRE L,

o791 Bk, B —& RIS IR R 5 EIR R MmN A Q MREHm O AN a, ay,
s agr BB A M ER R RB R — RIS N -

[oso]l W, =[w™ W . W i e (7))

[0081]  Hob, WoASE —EFHRIBIERF, w CARKIRD ata € o ) WELHIH R 18 .
[oo82]  FEAZ N ML —4EX 1AL REEFRH B R 8 D B9 e, R — 1 Réksm O
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B A R AR A7 10 0 R A8 T2 RO 2 ) o (R 2 R TT 1), AR ERFF 5 15— MR AL TT @ BBy &

— I HET, SRR S — MR LIRS EHET, R MGAEREMS T U — 5T
ALV HEAR .
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x - a3 ) Cap )y
W, =[w' Wi o W'

fmd) {a;) i ‘ .
W W 0 0 e (8)
0 e 0 w(a“') e W(GQ'-

[0084] X E, K&k O a, -, a R PMRATHE, KREm O a,,, -, a RS — L
Hlal .

[0085]  TEEE 103 W, PR AR 55 — R PSR AE 3B M6 52 R 14 TR A RO AR G .

[o086] B {&RY, MLE i & PIRIE L T AT KIEMMRmISFE .

[0087] W =P WV, 1ot ver von enr aee e v ams ot et me e e v e e ()

[0088] AP, W RZLEATHMBIFENE, W, R E — YU TRMADFEE, 45808 N o XQ, VRS — 44T
SRS AR PR, 4ER QT Hop 1. 3R RT W EL P73 TR — L F.

(00891 IR 1% &0 B AIZ TR TE M 2 J5 , VT LARE 502 91 2% A0 0 [ 2544 I £ 15 & Bl
IRAISIEMERE . MK RS T EELREE & B K ma S RER , FIZS 5 & TR B
T2 FHAE P4 % & B2 K IE5EFE -

[0090]  Ha= W ittt vev s son s ves cvn s i v snv e e e ens (100

[0091]  HD, H J{SiE4FE, W R XTRROSERE,

[oo92] BT bREIGHIFSE V& TE A SR & O AGX N SIS S, TR O AR
— B R A, B 2% e a] DU MIMO 15 1B 5B 5 3 8 5% 1L A S5 A 25 um Fr db i) == 18]
FRTTEIBY ] AR . 285 7] UIRPE P& A FE £ 7 Bl R 77 @, H R R ¥ &1
[T Rt B RENE (CQ1) . B &G ER = MR A2 HIEE A T PRSI &R iR
FEL L, R TT LA R {4438 CST M= A4 .

[0093] & 4 Brow, 4 B SE i R — P EIE RSB B RS 7 %, 7R 8

[0094] ¥R 401 A shRIBEERWBIF SHE SHATEEMNT 5 A MREHmOGEERDN
THE, BTig A R O MR & RIESFEUE S A MR RO,

[0095]  #73% 402 FR £ iR L Arid A P Rem OIS HERE Q M Rskm D, K
P, L < Q< A, L ARTIR AR % &3] Frid #5055 2 I1E T 1T #UB R SR MO Bk 8~ RT KB, B¥
F L APk 28 ol 7E )5 ERR TR 4« RT BIEUE .

[0096] THEE A AHME, LR E B RI FTEAELRY 770 2 80, A 4 B SERR 4 3T L 3 AN IR
5T -

[0097] L RIER{E AT LA B 3% 101 PR, LA HER.

(00981 A 403 Pk & iRYE Frid @ A~ R &R DRE #F— RTRIBF ERS~E B, 05
HETARFE— R TMmIGEER T E B 00 CSI IR MG 1% &, FTid 5 — 4R TEmad #6148 o~
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[0099]  EIRIEFRT. MR &KIES PSSR MRHAE 1 ind, B R H =T
NEIEFHE S, 4 B 5L i 5] % kAR R .
[0100] A& BASCRERI P, 2805 BN R 2 2 N, N K 5T 1L [FIES . 5SS m B A0 s
FERRERD a BTHEIREN ANREHROKNES w,— {1,2, A, HRZEHED a %t
LR R 8 R 28 U &0 BRI NI ST R 8k 12 N (R I 8 R 26 R IR AR K B — 4 15 5] 3 2 BE
Bl B E R ST RER AN AE AR L I SV IE MR R, RER IR O a I RLIFI R R A P4 & & 1 18
HE’J*&’[%?}‘["J%% R, Km0 a X MR ST 5 AP —{LDi=E,
[0101]  7EHFER 401 P, LRI S8UE S AME R ZiEiT AP Rm O 23X, Hdr, A
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—HE PR RRERE, UEES HE FREEREREBRER, Hgd, F—4HE HE
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p U RIES o AR IR L ST S AT, PR R B A — S RS IESE
BER N XN{ZERIFE I Ho RIRARZWM O a 5P o R L, BRI S 5ES
NN X1 IR E -
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[0104] Hh, sV RHRLIE D a 7EH n DI FIEE ERXSITNE K& RWRIE K
NX 1SS S HE, 1" n® " FRAN X EHNTRSSHENGSESZSAE.
[0105] ZRE&EIRE&NHO SRS EN LA SHES, LSRN E & K% S0
FER AN REROTRAE A MEEGHE. Rékm D a BEEGTHER -

[0106]  H® = Hw™ + E oorcee e ver e ven oee oen s . (12)

[o107]  Hrb, wRRARD a PHEHTEFERBHEEE, 0V AREIRD a (5 BT
BREHF, 0 € v, ZFHEDADRERONEEHTEAY , HD, .., I-I(-’”

[0108]  TE4R 402 P, R B 42 R A > Rekom O RIS IERTHE, A A REkm O ki
Q PREH O, LMEGRSE H CSI RIRG RIS R% .,

[0109] % ERNZORTERBILIFN Q M RE&Im DAE CSI TR ERE, Zon ] bR igd¥
—A R e O E#E CSL. {HE, BERBLERE FIFERR S 8ET 4, é@zﬁtﬁqiiuaﬁﬁaﬁ
B IRATBE R AL B RAAIBIF RS SHEM, HIbA 7 HE BRI SR ST, 7 B &g
ERS S DR EMEEER AN, BEA RN R& R DAS, FEMRATE E’Jﬁéﬂéﬁ#ﬁ
L4 & Al F 1B 2 5 S 1R & 2 B IS E Bk B el E B e AR 10 S 405 Sl th =
B AT QTR g O, Hbh, BRI gE R R gedm O 4L & %) M RY (B Btk B A ST &
s S HIE R ThZERIFZ M al a0 R & s D & X M EIE G iHETEE .

[0110]  R&Z&mAVBENRETEEAN AR THRSETEENKL ANTRET ALK
FREFLAUEERERONBEENIREERA ER. M, MERE&iEe REmD R
SRR EER N Qu.-
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(o] A, P2 &t AT Bl gs im i i 7 B& R R R &m D R E, a0, IR E B R
HZmOMHEN Q, B L < Q<A I 2R HFTE A DR Dk 58 m 5 ML
W& 2 B A FIEFHEREE A MRS SR IIERR AR QM Athm DHE & g
ERTE TR R BAI AL DA S IR 2k 5w A0S i HUE 70 FH B L IRA, 22 5k
R D) E B BUE G E R TRAXTHRET L BUE L ERT LR 9K & B#& RIE 50
FEMRLm O E, BI/NTERET A.

[o112] HBRMREREETAEMEBEELFERENRLAGOMNEE, EAPREROD
HAIR Z MR MmO WHS HEmERE. THMITERRSMBREZ AN EHENESE
R, R A D RE SR O RH FH BEE SR AR Q 1 REUm ORIES o JRIELL

TAIEWE
[0113]

PPN . I P " .
e = argmax  f{(F)TH, V,,i+n) . (13)

oy 102 S g,
o114] e, SUPYTH,, V,,i+0) st B4k ok 5 R4 5 2 K T S A B 0 %

B, % 0R H A SIS AR 7 BN B B8 20 TR S B VR A i i R B Rk 2 A T
BE» QB IMIEFER LR ONBPEMBUEEHM LR, L<Q,,< A, o FERAEADK

5 T

£eoim O P dF kA REim ORISR G, Q R A D R O k4% k ARk O R BTA AT
BER) o BIERE, L<k<Q,. flm., FORTE A AR O PIRIRRD k AR 2 O X R EE

(4

B THE MBI 3 — S RFIE, VAT B H,, 194 S8 90038, A B A L A& R

By

B K L A~37 5 0 B A RO SB[ H BET Tha R — (L A B b S B, B rT A B9 44
EHIETE, i ATMES AR, n ARFESREE, P ATAGDEEN IR ET LB T.
[0115] L =/, B _HFRBIEFEEBILAIXIHFRE. HL=1 AMEREEE
Qox = 1 B, B R TRRIBHE LM — BB CASRE v, = 1, ShB, bR @ el w{b A A
A~ F g im O HPad 3 (S TE [ THE RS ST Sk, Bl cha | K R &m0 .

[o116]  #&vii@Eid it HEA A RS O R BANNTRERIT R &k DA S, IBIEETE P {ES
K 5 PR R &2 B EE R B A ERAHN S S B TR R Q NI HH N
Af, ZNTERMTEEFFE K. ATHRERTEERE, 3R A b RA xR TS
=, REFBELE-MINEHPRE R DN E, B3 o EdiE BEok it &L ime) 5 Mm
B S EWEFIIgMEEA B R A EER L. BEN, a3ErEditn .
[0117]  WE 5 Bron, AR KRS m LR ERS E, QT 2R .

lo118] 4R 501 . FEM T CST M ERTR Leim O AILC ERTBUE L

(01191 HE502. " k=1,T,= 0 ;

[0120] DI 503 EHEM A D REsm O iEZF kSRR OB, BT &— R EAY R 2R
i 20 & 3R p) Tk S A el £ in ) S S BN, HiE P FLEREE
AR 2R SAE S ER R —MREm O HE

[0121] P58 5043 k<Q,... WEE N EIE 505, 5 W 4% A 83K 507, Q, NPTHREUETEHE £
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PR, L < QuoeSe A s

(01221 B8 505.35 TOT, |, WA A 558 506, T, # A B8 507 ; b, T WM A DR
i O P IRFE k A Lkim OB, FHE A ST A %R S RE SR T ER K —FfK
shim A S N EIL ERFERATRZ R THUS S BMThE, T, MM ADREH D
TR k-1 A RER AR, Fok SR E 2R LR SHE SRR K — MR E
i (V40 AT R ) Tk SR A S AT 8 im (1 SIS S B o

[0123] ¥ 506.1% k = k+1, AN ETR 503 ;

[0124] B S07TCHEMFIHFTEHEMNEL ENTEWTR LN SIE SBEIRThERS AR
Rk EST R RLss O, #E AT CSLMEMRZIKRD,

[0125] #EymifE T CSIMER) Q- M R&Wm O Z 5, (F7] LU B RRGE MR &N
CSI. BLIKEY, TR 4005 403 th, i FAE R ST h B A G E— Mg R E R,
— R BIBHERETE RS EH T REHT CSIMER @ MREHRDERZ PHRESK A
PREmOPRES . #H B, KR E LAY CST PIET LB TR E 2 —HAEE -
[0126] - 55 4R FlgmiB4E FETR R, iR S BT E MR R TR RS & MmissE
METESR R AESTERT] B R TURGBEME VR2IhENP—LH QXL 4. £
TERTRRADHIRE V T LA E A R E A MRS, AR A L N E AR LS RS
BRI T T R T — LA E LA FRS D), th AT LU NS AR5 iR,

[0127]  -RI, 1% RI N#im BIREMS IR & MEE RIS, &t B3R RT Eid P4S & &
22 um KR PDSC BB 20 SR 2 3.

[0128] -CQI. RILMRIELL T AT AL COI RIS — K MamiS* A8 ~{E BT
B Q RGO X RAY Q - EEMTHERN R E — SR E. BB E R Mm%
MEAR R FOEA A RL B2 3 — R PmiDsE R, IRIBATE B —F RSB IAE — K MMmIDE
MERRE S —FAUGIE, IR E —FAEE. TIESMWIIED EREG SN ERE
SINR, iR &= Frit SINR Tf 52 H Firid CQI.

(01291 —MEIEMAL T, Ein A CSI B E — R MRS ERR A5 B mit AR 2k
i AT HE Q. 55 — F RIS R~ RIL{EEFREIRR QI &, LMK IRE&REE TS

B 1 DR i O AT CST MERT, 425 RIAL MK 1R £ K CST o a] LA O HE 42 nig 5
BY-R 2R ih ORI E Q, LA B R WmiE s e Ta N

[0130]  #HAF i 77 vE il 8, A5 2 BA S A 5 1 1k — b ) 4 40 4% 0 — b 20 i, 1Z I 451 &
Frek o () B id A 750 LAS IR A i so it TR b AN F3RIL .

[01311 @ 6 Frow, 2202 BH S0l R 1R — Fp 45 1 &, B4 -

[0132] BT 601, A TERL M RREGEIERESE B CST, Hrh, itk ST /0 AEE
— T RIBERFE R ER EE ST REBEFEREEHTHER QT RERDOERIE
SHESEY A MREROPMNERS, A S — HUTRBEIEIERE BRIRIE A K &iRDO
BB GTHERTEE O M RER OGS BIEME O MREFR OFRTHE.L<< Q<A LAMN
R A58 1R B S S8 0k AR T AT SRR A SR A B9 FRFE s RL B HUE, 3R &, L AR & #E
{EE#IR R RL TTEUA .

[0133]  F—8xE e me02, A THRERWBIM BT CST LLRZFTIE A R S O 3T B AR
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W2 o) B 0 5 B — R TR BB AR A .

[0134] 53 @ BT 603, FT iR 45 Pk 55 — 2% T 4 B3 56 B 1 e A3 TR 4w b A8 T

[0135]  #G4EAY. BRI o0 601 IR BIAY CST B FIEEZ —84EE -

[0136] B BTSSR R, Irid E B WRIEHEETE B TR R mILERE
EHE RO ARESHRIET

[0137]  RL;

lo138] fFiERETET CQl.

[0139]  EHER), TR E ZFE BT 603 HiEHT -

[0140]  ARIELL T &N TR BRI TR IS A FE .

[0141]  W=P WYV,

[0142]  H P, W ARTR RIZETRIRIZH B, W 9T 8 — R TRmAZEErE, v NE R TR
WEE, FIR GE — R TRGS4E B 2 | PR 58 — 2 TR AL 40 5 4 o I 5 o M HI4EFE, P AT
41 R A b

[0143]  HfERY, At 7o 600 I T -

[0144] FTRAMZIRZPATERZFMESHATRERDO.SMRERK DO RARS R
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BB RAEE—HE [ MERREAE, UEATEF 48 L RERWEmE, HIRIERT
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[0147]  FC/ERY, TR E—#HT BT 702 B{EHT -

[0148]  #RIBLRIRAY S, B B R 2k i O 2 B2 A9 = (Al 3R B0 T AL 3% T R RO R 3
=L RERRE

[0149]  WfE 7 Fros, AR B SC B (A bR 1t — Fh 2% 0. B4 -

[o150]  {RIEf&iT 7T 701, FFiRIBEZE R SIS ST FiE MK B E A Rkim
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[0152] RiXHT 703, HTIRERE Q TR &6 DR — KRB EIEIERE S, 310§
BERE -~ FWHBEMERERERNEHREREE S RBEME R &, FTRE &
IR RELE TS RFR QM RER OAELKIESEMESHA P REROPRIEI .
[0163]  H{EM, Frid KIXEIT 703 ARG ML &I CST EAREUTEEL —HES
[0184]  F{ R TmISFEFEIR 2~ Pl 5 R Tdm b0 50 ME 18 o~ B THE R 5F SR m B 56 s
AR _HFIGARESFIIES
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[0156] fEiEMEIET QL.
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W BIATAFIR CST LA B A Aok 2k am OO0 2 RIS R IR H2 09 50 B 58 — 4 TSRS AR G iR 18
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[o187] Frid MR HAERZSFIESHA DPRER N.ERE 5 DA A RS R
gk, AR R LA K K% SIS S BT AR IR, Hdv, G40 KR s — D= RE R
[0188]  FTIRMIEE % &5 3Pk A A Rékim O PSRN D, RSN RENR D AR
B A PRAAR 4E BRI m S, DR R 4R E R | S, HRAE A
B — 4R b DS A e A0 A A B T 4R B RO TR R 1) B8R E R AR I O X B2
R = RERBERE

[o189] B MK IH 4 RIERTE A Rm O PHE M REm AN - EF M RRE N E
VAE T 8UE 5 BT RS IE . X T HUE S 3T BRI 4 72 S iR s R SRR RS .

[o190] AR, ATiA 4bZE 2% 200 RixH T -

[0191]  RIB L vm 9 7 A, 88 8 O K £8 v LU WY 0 28 R1 3 3R M0 A 180 %A 7 R0 (17038 3R 3
B RERTE.

01921 Hb, EE S, 2RXEMTUSEEENEMN IR SKFTT, BiE R
800 AR M — N B L bR B FF 8 820 RRINEFMEB NS R BE T —it. L&
AT LG IE A R & R R SR D SRS TR e IR S5 2R R T Hofth B BRBEAEAE — 2, 1X
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Method and Device for Multi-Antenna Transmission in UE and

Base Station

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation of United States Application No.
16/454,075, filed June 27, 2019, which is a continuation of International
Application No. PCT/CN2017/094209, filed July 25, 2017, claiming the priority
benefit of Chinese Patent Application Serial Number 201611230923 2, filed on
December 28, 2016, the full disclosure of which is incorporated herein by

reference.
BACKGROUND
TECHNICAL FIELD

[0002] The present disclosure relates to a scheme for multi-antenna transmission in

a wireless communication system.
RELATED ART

[0003] Massive Multiple-Input Multiple-Output (MIMO) has become a research
hotspot for next-generation mobile communications. In massive MIMO, multiple
antennas can improve communication quality by forming narrower beams pointing in
a specific direction through beamforming Massive MIMO can also form different
directions through multiple antennas for serving multiple users to improve the

throughput of massive MIMO systems and reduce transmission delay.

[0004] According to the discussion of 3rd Generation Partner Project (3GPP) Radic
Access Network 1 (RANI1), a hybrid beamforming in combination of analog
beamforming and digital precoding has become an important research topic for New

Radio Technology (INR) systems.

SUMMARY

[0005] Through research, the inventors found that in a massive MIMO system, the
base station can perform beam scanning over a period of time resources, The UE

selects and reports the beam. However, due to the limitation of air interface resources,
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the number of beams used for beam scanning and the number of beams reported by
the UE are limited. In addition, due to the uncertainty of the UE location, the beam
used for beam scanning does not necessarily include the beam that best serves the UE.
How to use the information reported by the UE to form the best beam to serve the UE

service is an urgent problem to be solved.

[0006] In view of the above problem, the present disclosure provides a solution. It
should be noted that, in the case of no conflict, the embodiments in the user
equipment (UE) and the features in the embodiments of the present disclosure can be
applied to the base station, and vice versa. Further, in case of no conflicts, the
embodiments of the present disclosure and the features of the embodiments may be

arbitrarily combined with each other.

[0007] The present disclosure provides a method for multi-antenna transmission in

a user equipment (UE), including;

[0008] receiving a first signaling;

[0009] receiving a first wireless signal; and
[0010] transmitting first information;

[0011] wherein, K antenna port groups are used to transmit the first wireless signal;
the first signaling is used to determine the K antenna port groups; the K is a positive
integer greater than 1; the K antenna port groups respectively correspond to K channel
quality values; the K channel quality values are K non-negative real numbers; K1
antenna port groups of the K antenna port groups correspond to K1 channel quality
values of the K channel quality values; the K1 is a positive integer less than or equal
to the K; a first proportional sequence corresponds to a ratio(ratios) among the K1
channel quality values; the first information is used to determine {the K1 antenna port
groups, the first proportional sequence}; the first signaling is used to determine a
target threshold, the target threshold is a non-negative real number; a first channel
quality is a best channel quality value among the K1 channel quality values; a second
channel quality is a worse channel quality value among the K1 channel quality values;
a ratio between the second channel quality and the first channel quality is greater than

or equal to the target threshold.

[0012] In the embodiment, the advantage of the foregoing method is that the base
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station may obtain a proportional relationship among reception qualities
corresponding to multiple beams, and may generate a more accurate serving beam for
the UE according to the proporticnal relationship, thereby improving transmission

quality.

[0013] In one embodiment, the beams and the serving beam are analog beams.

[0014] In one embodiment, the antenna port is formed by superimposing multiple
physical antennas through antenna virtualization. A mapping coefficient of the
antenna port to the plurality of physical antennas constitutes a beamforming vector for
the antenna virtualization to form a beam.

[0015] In one embodiment, the antenna virtualization includes analog beamforming
and digital beamforming. The analog beamforming is a mapping of an RF link output
to the plurality of physical antennas and is used to form an analog beam. The digital
beamforming is a mapping of the antenna port to the RF link and i3 used to form a
digital beam.

[0016] In one embodiment, the beamforming vector is a product of an analog
beamforming matrix and a digital beamforming vector. The analog beamforming
matrix is composed of one or more analog beamforming vectors.

[0017] In one embodiment, the beamforming vector is a Kronecker product of an
analog beamforming vector and a digital beamforming vector,

[0018] In one embodiment, the antenna virtualization only includes analog
beamforming.

[0019] In one embodiment, the antenna port group is composed of one antenna port.
[0020] In one embodiment, the antenna port group is composed of a plurality of
antenna ports.

[0021] TIn one embodiment, the same analog beamforming vectors and different
digital beamforming vectors are used for antenna virtualization of different antenna
ports within the antenna port group.

[0022] In one embodiment, the K antenna port groups include two antenna port
groups, and the numbers of the antenna ports included in the two antenna port groups

are different.
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[0023] In one embodiment, the antenna port corresponds to a reference signal. The
reference signal is transmitted through the antenna port.

[0024] In one embodiment, the reference signal is a reference symbol.

[0025] In one embodiment, the reference signal includes a plurality of reference
symbols. One reference symbol occupies one Resource Element (RE).

[0026] In one embodiment, the reference signal is a Synchronization Signal (SS).
[0027] In cne embodiment, the reference signal is a Primary Synchronization Signal
(PSS).

[0028] In one embodiment, the reference signal is a Secondary Synchronization
Signal (SSS).

[0029] In one embodiment, the reference signal is a Channel State Information
Reference Signal (CSI-RS).

[0030] In one embodiment, the reference signal is a Demodulation Reference Signal
(DMRS).

[0031] In one embodiment, the reference signal is a DMRS of a Physical Broadcast
Channel (PBCH).

[0032] In one embodiment, the reference signal is a DMRS of a Physical Downlink
Share Channel (PDSCH).

[0033] In one embodiment, the first wireless signal is a plurality of multi-carrier
symbols,

[0034] In one embodiment, the first wireless signal is an SS burst. The SS burst
includes a plurality of S8 blocks. The SS blocks include at least one synchronization
signal.

[0035] In one embodiment, the first wireless signal is an CSI-RS burst.

[0036] In one embodiment, the first wireless signal is one beam sweep. The beam
scanning is an operation of covering a spatial area by a transmitted or received beam
in a predetermined manner over a period of time.

[0037] In one embodiment, the K antenna port groups respectively correspond to K
reference signal groups. The K reference signal groups are respectively transmitted

through the K antenna port groups. The first wireless signal is composed of the K
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reference signal groups.

[0038] In one embodiment, K different analog beamforming vecters are used for
analog beamforming of the K antenna port groups.

[0039] In one embodiment, the time-frequency pattern and the Orthogonal Cover
Code (OCC) of at least two reference signals of the K reference signal groups are the
same in one time unit. The two reference signals are transmitted on different time
resources.

[0040] In cne embodiment, the time unit is a symbol.

[0041] In one embodiment, the time unit is a time slot.

[0042] In one embodiment, the time unit is a subframe.

[0043] In one embodiment, the time unit is a short Transmission Time Interval
(sTTI).

[0044] In one embodiment, the first signaling explicitly indicates the K antenna port
groups.

[0045] In one embodiment, the first signaling implicitly indicates the K antenna
port groups.

[0046] In one embodiment, the first signaling is higher layer signaling.

[0047] In one embodiment, the first signaling is a Radio Resource Control (RRC)
signaling.

[0048] In cne embodiment, the first signaling is a MAC layer signaling.

[0049] In one embodiment, the first signaling is a MAC Control Element (MAC
CE).

[0050] In cne embodiment, the first signaling is a physical layer signaling.

[0051] In one embodiment, the first signaling is carried by a Physical Downlink
Control Channel (PDCCH).

[0052] In one embodiment, the first signaling is Downlink Control Information
(DCT).

[0053] In one embodiment, the first signaling is commeon to the cell.

[0054] In one embodiment, the first signaling is UE-specific.

[0055] In cne embodiment, the first signaling is UE group specific.

Ln
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[0056] In one embodiment, the channel quality value is one of instantaneous
Reference Signal Received Power (RSRP), long-term RSRP, SINR or SNR.

[0057] In one embodiment, the K channel quality values are wideband channel
quality values,

[0068] In one embodiment, the first information explicitly indicates the K1 antenna
port groups.

[0059] In one embodiment, the first information implicitly indicates the K1 antenna
port groups.

[0060] In one embodiment, the first information explicitly indicates the first
proportional sequence.

[0061] In one embodiment, the first information implicitly indicates the first
proportional sequence.

[0062] In one embodiment, the first information is carried by a Physical Uplink
Shared Channel (PUSCH).

[0063] In one embodiment, the first information is carried by a Physical Uplink
Control Channel (PUCCH).

[0064] In one embodiment, the first information is transmitted in a CSI report.
[0065] In one embodiment, the first information is transmitted in a plurality of
messages.

[0066] In one embodiment, a bitmap is used to determine the K1 antenna port
groups.

[0067] In one embodiment, the K1 antenna port groups correspond to the same
receiving beamforming vector.

[0068] In one embodiment, the receiving beamforming vector is an analog
receiving beamforming vector.

[0069] In one embodiment, the K antenna port groups are represented by a bit string
of length K, the bit position corresponding to the K1 antenna port groups is 1, and the
other bit positions are 0.

[0070] In one embodiment, the K1 is greater than 1.

[0071] In cne embodiment, the K1 is equal to 1.
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[0072] In one embodiment, the first proportional sequence includes K1-1 positive
real number(s). The K1-1 positive real numbers is(are)} a ratio(s) between the channel
quality values other than the best channel quality value of the K1 channel quality
values and the best channel quality value.

[0073] In one embodiment, the first proportional sequence is composed of
quantized values corresponding to the K1-1 positive real number(s).

[0074] In one embodiment, when the K1 is equal to 1, the first proportional
sequence 1s determined to be absent.

[0075] In one embodiment, the first proportional sequence is composed of Kl
positive real numbers. The K1 positive real numbers are respectively ratios between
the K1 channel quality values and the best channel quality value of the K1 channel
quality values,

[00768] In one embodiment, the first proportional sequence is composed of
quantized values corresponding to the K1 positive real numbers.

[0077] In one embodiment, the first proportional sequence is composed of Kl
positive real numbers less than or equal to 1, and the first proportional sequence
includes at least one 1.

[0078] In cne embodiment, the K1 beamforming vectors and the first proportional
sequence respectively corresponding to the K1 antenna port groups are used to
generate a service beam for data transmission with the UE,

[0079] In one embodiment, the transmitter of the first wireless signal determines a
correspondence between a service beam related to a relative position of the UE and a
collection of the K1 antenna ports and the first proportional sequence according to the
coverage space, and then determines the service beam according to the K1 antenna
poris and the first proportional sequence reported by the UE.

[0080] In one embodiment, the first antenna port group and the second antenna port
group are two antenna port groups of the K1 antenna port groups, and the K1 is equal
to 2. A first beamforming vector is used for beamforming of the first antenna port
group, and a second beamforming vector is used for beamforming of the second

antenna port group, The first proportional sequence is composed of a first element and
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a second element, wherein the first element corresponds to the first antenna port group,
and the second element corresponds to the second antenna port group. The first
element is equal to 1, the second element is equal to a, and the a i1s a positive real
number less than 1.

[0081] In one embodiment, a transmitter of the first wireless signal uses the first
element and the second element to respectively weight the direction corresponding to
the first beamforming vector and the direction corresponding to the second
beamforming vector so as to obtain a direction corresponding to the service beam.
[0082] In cne embodiment, a correspondence table is stored in the transmitter of the
first wireless signal. The correspondence table is used to determine a correspondence
between a serving beam of the UE and a collection of the K1 antenna ports and the
first proportional sequence. The transmitter of the first wireless signal retrieves the
correspondence table according to the first antenna port group, the second antenna
port group and the first proportional sequence to obtain an analog beam direction for
communication with the UE.

[0083] In one embodiment, the K1 beamforming vectors and the first proportional
sequence respectively corresponding to the K1 antenna port groups are used to
generate a signal for the next beam scanning. The variables of the generation function
of the plurality of beamforming vectors used by the signal are the K1 beamforming
vectors and the first proportional sequence,

[0084] In one embodiment, a center of the coverage space of the plurality of
beamforming vectors is determined by the K1 antenna port groups and the first
proporticnal sequence.

[0085] In one embodiment, the K channel quality values are wideband channel
quality values,

[0086] In one embodiment, the first proportional sequence comprises K1 positive
real numbers less than or equal to 1, and the first proportional sequence comprises at
least one 1. or the first proportional sequence comprises quantized values
corresponding to K1 paositive real numbers; or the first proportional sequence includes

K1-1 positive real number(s), and the K1-1 positive real numbers is{are) a ratio(ratios)
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between the channel quality values other than the best channel quality value among
the K1 channel quality values and the best channel quality value; or the first
proportional sequence comprises a quantized value(s) corresponding to K1-1 positive
real number(s}.

[0087] In one embodiment, K2 antenna port groups in the K antenna port groups
correspond to K2 channel quality values in the K channel quality values, the K2 is a
positive integer less than or equal to the K, a second proportional sequence
corresponds to a ratio among the K2 channel quality values, a first receiving
beamforming vector is used to receive signals transmitted through the K1 antenna port
groups; a second receiving beamforming vector is used to receive signals transmitted
through the K2 antenna port groups; the first receiving beamforming vector and the
second receive beamforming vector are different; the first information is further used
to determine the K2 antenna port groups and the second proportional sequence.

[0088] In the embodiments, the above methods have the advantages that multiple
candidate service beams are generated for different receive beamforming wvectors
through different beamforming wvectors and different proportional sequences of
different antenna port groups respectively, thereby increasing the transmission
diversity effects.

[0089] In one embodiment, the antenna ports in the K1 antenna port groups and the
antenna ports in the K2 antenna port groups do not overlap.

[0090] In one embodiment, the K1 antenna port groups, and the first proportional
sequence are used to generate a first transmitting beamforming vector, while the K2
antenna port groups and the second proportional sequence are used to generate a
second transmitting beamforming vector. The first transmitting beamforming vector
and the first receiving beamforming vector are used for beamforming of data
transmission over a first time window; the second transmitting beamforming vector
and the second receiving beamforming vector are used for beamforming of data
transmission over a second time window. The first time window and the second time
window are orthogonal in time domain.

[0091] In one embodiment, the first target channel quality is a function of the K1
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channel quality values and the second target channel quality is a function of the K2
channel quality wvalues. The first transmitting beamforming vector is used
preferentially when the first target channel quality is higher than the second target
channel quality.

[0092] In one embodiment, the first target channel quality and the second target
channel quality are respectively a weighted average of the K1 channel quality values
and the K2 channel quality values. The first proportional sequence and the second
proportional sequence are used for the weighted average respectively.

[0093] In one embodiment, the first target channel quality and the second target
channel quality are respectively an average of the K1 channel quality values and the
K2 channel quality values.

[0094] In one embodiment, the transmitting beamforming vector and the receiving
beamforming vector are analog beamforming vectors.

[0095] In one embodiment, any two antenna port groups in the K1 antenna port
groups are co-located or quasi-co-located (QCL), and any two antenna port groups in
the K2 antenna port groups are co-located or quasi-co-located (QCL), or any two
antenna port groups in the K1 antenna port groups are on a same carrier, and any two
antenna port groups in the K2 antenna port groups are on a same carrier.

[0096] In the embodiments, an advantage of the above method is that the base
station can utilize the first proportional sequence more efficiently by using the K1
antenna paort groups to indicate the co-located (quasi-co-located) or co-carrier antenna
ports.

[0097] In one embodiment, the first signaling is used to determine the co-located or
QCL information.

[0098] In one embodiment, the first signaling explicitly indicates the co-located or
QCL information.

[0099] In one embodiment, the first signaling implicitly indicates the co-located or
QCL information.

[00100] In one embodiment, the first signaling is used to determine information of

the co-carrier.
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[00101] In one embodiment, the first signaling explicitly indicates the information of
the co-carrier.

[00102] In one embodiment, the first signaling implicitly indicates the information of
the co-carrier.

[00103] In one embodiment, the first signaling is also used to determine at least the
last one of the K1, the K2 and the target threshold. A third channel quality is a best
channel quality value of the K2 channel quality values. A fourth channel quality is the
worst channel quality value of the K2 channel quality values. The ratio between the
fourth channel quality and the third channel quality is greater than or equal to the
target threshold.

[00104] In the embodiments, the advantage of the above method is that the target
threshold can be used to control the reporting overhead, thereby improving the
reporting efficiency.

[00105] In one embodiment, the unit of the target threshold is dB.

[00106] In one embodiment, the first signaling explicitly indicates at least the last of
the K1, the K2 and the target threshold.

[00107] In one embodiment, the first signaling implicitly indicates at least the last of
the K1, the K2 and the target threshold.

[00108] In one embodiment, the first signaling is transmitted in a plurality of
messages.

[00109] In one embodiment, the first information is further used to determine at least
one of the first channel quality or the third channel quality.

[00110] In the embodiments, the advantage of the above method is that the base
station may approximately recover the K1 channel qualities (the K2 channel qualities)
by using the first channel quality (the third channel quality) and the first proportional
sequence {the second proportional sequence), thereby improving flexibility for beam
generation and scheduling,

[00111] In one embodiment, the first information is transmitted in a plurality of
messages.

[00112] In one embodiment, the portion of the first information used to determine
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the first channel quality {the third channel quality) is transmitted in a measurement
report; the portion of the first information used to determine the K1 antenna port
groups, and the first proportional sequence {the K2 antenna port groups and the
second proportional sequence) is transmitted in a CSI report.

[00113] In one embodiment, the method for multi-antenna transmission in a UE
further comprises:

[00114] receiving a second wireless signal;

[00115] wherein a target antenna port group is used to transmit the second wireless
signal; the target antenna port group is associated with the K1 antenna port groups and
the first proportional sequence, or the target antenna port group is associated with the
K2 antenna port groups and the second proportional sequence.

[00116] In the embodiment, the above method has the advantages that the
beamforming vector corresponding to the K1 antenna port groups and the first
proportional sequence , or the beamforming vector corresponding to the K2 antenna
port groups and the second proportional sequence are used for beamforming of the
second wireless signal to increase beamforming gain acting on the second wireless
signal.

[00117] In one embodiment, the transmitting beamforming vector corresponding to
the K1 antenna port groups is used to generate a transmitting beamforming vector of
the second wireless signal.

[00118] In one embodiment, the transmitting beamforming vector corresponding to
the K2 antenna port groups is used to generate a transmitting beamforming vector of
the second wireless signal.

[00119] In one embodiment, when the transmitting beamforming vector
corresponding to the K1 antenna port groups is used to generate a transmitting
beamforming vector of the second wireless signal, the first receiving beamforming
vector is used to receive the second a wireless sighal; when the transmitting
beamforming vecior corresponding to the K2 antenna port groups is used to generate
a transmit beamforming vector of the second wireless signal, the second receiving

beamforming vector is used for receive the he second wireless signal.
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[00120] In one embodiment, the transmitting beamforming vector and the receiving
beamforming vector are analog beamforming vectors,

[00121] In one embodiment, the second wireless signal is a signal carried by a
PDCCH.

[00122] In one embodiment, the second wireless signal is a signal carried by a
PDSCH.

[00123] In one embodiment, the second wireless signal is a reference signal.

[00124] The present disclosure provides a method for multi-antenna transmission in

a base station, including;

[00125] transmitting a first signaling;

[00126] transmitting a first wireless signal; and

[00127] receiving first information;

[00128] wherein, K antenna port groups are used to transmit the first wireless signal,
the first signaling is used to determine the K antenna port groups, the K is a positive
integer greater than 1; the K antenna port groups respectively correspond to K channel
quality values; the K channel quality values are K non-negative real numbers; K1
antenna port groups of the K antenna port groups correspond to K1 channel quality
values of the K channel quality values; the K1 is a positive integer less than or equal
to the K; a first proportional sequence corresponds to a ratio(ratios) among the K1
channel quality values; the first information is used to determine the K1 antenna port
groups and the first proportional sequence; the first signaling is used to determine a
target threshold, the target threshold is a non-negative real number; a first channel
quality is a best channel quality value among the K1 channel quality values; a second
channel quality is a worse channel quality value among the K1 channel quality values;
a ratio between the second channel quality and the first channel quality is greater than
or equal to the target threshold.

[00129] In one embodiment, the K1 beamforming vectors and the first proportional
sequence respectively corresponding to the K1 antenna port groups are used to

generate a service beam for data transmission with the UE.
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[00130] In one embodiment, the base determines a correspondence between a service
beam related to a relative position of the UE and the collection of the K1 antenna
ports and the first proportional sequence according to the coverage space, and then
determines the service beam according to the K1 antenna ports and the first
proportional sequence reported by the UE.

[00131] In one embodiment, a correspondence table is stored in the base station. The
correspondence table is used to determine a correspondence between a service beam
of the UE and the collection of the K1 antenna ports and the first proportional
sequence. The base station retrieves the correspondence table according to the first
antenna port group, the second antenna port group and the first proportional sequence
to obtain an analog beam direction for communication with the UE.

[00132] In one embodiment, the K1 beamforming vectors and the first proportional
sequence respectively corresponding to the K1 antenna port groups are used to
generate a signal for the next beam scanning. The variables of the generation function
of the plurality of beamforming vectors used by the signal are the K1 beamforming
vectors and the first proportional sequence.

[00133] In one embodiment, a center of the coverage space of the plurality of
beamforming vectors is determined by the K1 antenna port groups and the first
proportional sequence.

[00134] In one embodiment, the K channel quality values are wideband channel
quality values.

[00135] In one embodiment, the first proportional sequence comprises K1 positive
real numbers less than or equal to 1, and the first proportional sequence comprises at
least one 1; or the first proportional sequence comprises quantized values
corresponding to K1 positive real numbers, Or the first proportional sequence
includes K1-1 positive real number(s), and the K1-1 positive real numbers is(are) a
ratio{ratios) between the channel quality values other than the best channel quality
value among the K1 channel quality values and the best channel quality value; or the
first proportional sequence comprises a quantized value(s) corresponding to K1-1

positive real number(s),
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[00138] In one embodiment, K2 antenna port groups in the K antenna port groups
correspond to K2 channel quality values in the K channel quality values; the K2 is a
positive integer less than or equal to the K; a second proportional sequence
corresponds to a ratio among the K2 channel quality values;, a first receiving
beamforming vector is used to receive signals transmitted through the K1 antenna port
groups; a second receiving beamforming vector is used to receive signals transmitted
through the K2 antenna port groups; the first receiving beamforming vector and the
second receive beamforming vector are different; the first information is further used
to determine the K2 antenna port groups and the second proportional sequence.
[00137] In one embodiment, the first information is further used by the base station
to determine the first receive beamforming vector and the second receive
beamforming vector.

[00138] In one embodiment, the first information explicitly indicates the first receive
beamforming vector and the second receive beamforming vector.

[00139] In one embodiment, the first information implicitly indicates the first receive
beamforming vector and the second receive beamforming vector.

[00140] In one embodiment, any two antenna port groups in the K1 antenna port
groups are co-located or quasi-co-located (QCL), and any two antenna port groups in
the K2 antenna port groups are co-located or quasi-co-located (QCL), or any two
antenna port groups in the K1 antenna port groups are on a same carrier, and any two
antenna port groups in the K2 antenna port groups are on a same carrier

[00141] In one embodiment, the base station generates a service beam by using a
co-located (quasi-co-located) or a co-carrier beamforming vector and its
corresponding proportional sequence.

[00142] In one embodiment, the first signaling is further used to determine at least
the last one of the K1, the K2, or the target threshold. A third channel quality is a best
channel quality value among the K2 channel quality values. A fourth channel quality
is a worse channel quality value among the K2 channel quality values. A ratio
between the fourth channel quality and the third channel quality is greater than or

equal to the target threshold
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[00143] In one embodiment, the base station controls reporting overhead by K1, the
K2, and the target threshold.

[00144] In one embodiment, the first information is further used to determine at least
one of the first channel quality or the third channel quality.

[00145] In one embodiment, the base station approximately recovers the K1 channel
quality values in combination with the first channel quality, the K1 antenna port
groups and the first proportional sequence for multi-user MIMO scheduling,

[00146] In one embodiment, the base station approximately recovers the K2 channel
quality values in combination with the third channel quality, the K2 antenna port
groups and the second proportional sequence for multi-user MIMO scheduling.
[00147] In one embodiment, the method for multi-antenna transmission in a base
station further includes:

[00148] transmitting a second wireless signal;

[00149]  wherein a target antenna port group is used to transmit the second
wireless signal; the target antenna port group is associated with the K1 antenna port

groups and , or the target antenna port group is associated with the K2 antenna port

groups and the second proportional sequence.

[00150] In one embodiment, the K1 beamforming vectors and  corresponding to the
K1 antenna port groups are used to generate a target beamforming vector. The target
beamforming vector is used for beamforming of the target antenna port group.
[00151] In one embodiment, the K2 beamforming vectors and  corresponding to the
K2 antenna port groups are used to generate a target beamforming vector. The target
beamforming vector is used for beamforming of the target antenna port group.
[00152] The present disclosure provides a user equipment (UE) for multi-antenna
transmission, including:

[00153] a first receiver, receiving a first signaling;

[00154] a second receiver, receiving a first wireless signal; and

[00155] a third transmitter, transmitting first information;

[00156] wherein, K antenna port groups are used to transmit the first wireless signal;
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the first signaling is used to determine the K antenna port groups; the K is a positive
integer greater than 1; the K antenna port groups respectively correspond to K channel
quality values; the K channel quality values are K non-negative real numbers; K1
antenna port groups of the K antenna port groups correspond to K1 channel quality
values of the K channel quality values; the K1 is a positive integer less than or equal
to the K, a first proportional sequence corresponds to a ratio{ratios) among the K1
channel quality values; the first information is used to determine the K1 antenna port
groups and ; the first signaling is used to determine a target threshold; the target
threshold is a non-negative real number; a first channel quality is a best channel
quality value among the K1 channel quality values; a second channel quality is a
worse channel quality value among the K1 channel quality values; a ratio between the
second channel quality and the first channel quality is greater than or equal to the
target threshold.

[00157] In one embodiment of the above user equipment, the K channel quality
values are broadband channel quality values.

[00158] In one embodiment of the above user equipment, includes K1 positive real
numbers less than or equal to 1, and comprises at least one 1, or the first
proportional sequence comprises quantized values corresponding to K1 positive real
numbers; the first proportional sequence comprises K1-1 positive real numbers, and
the K1-1 positive real numbers is(are) a ratio(ratios) between the channel quality
values other than the best channel quality value among the K1 channel quality values
and the best channel quality value, or the first proportional sequence comprises a
quantized value(s) corresponding to K1-1 positive real number(s).

[00159] In one embodiment, K2 antenna port groups in the K antenna port groups
correspond to K2 channel quality values in the K channel quality values, the K2 is a
positive integer less than or equal to the K; a second proportional sequence
corresponds to a ratio among the K2 channel quality values; a first receiving
beamforming vector 1s used to receive signals transmitted through the K1 antenna port
groups; a second receiving beamforming vector is used to receive signals transmitted

through the K2 antenna port groups; the first receiving beamforming vector and the
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second receiving beamforming vector are different; the first information is further
used to determine the K2 antenna peort groups and the second proportional sequence.
[00160] In one embodiment of the above user equipment, any two antenna port
groups in the K1 antenna port groups are co-located or quasi-co-located (QCL), and
any two antenna port groups in the K2 antenna port groups are co-located or
quasi-co-located (QCL); or any two antenna port groups in the K1 antenna port
groups are on a same carrier, and any two antenna port groups in the K2 antenna port
Sroups are on a same carrier.

[00161] In one embodiment of the above user equipment, the first signaling is also
used to determine at least the last one of the K1, the K2, or the target threshold. A
third channel quality is a best channel quality value of the K2 channel quality values.
A fourth channel quality 1s the worst channel quality value of the K2 channel quality
values. The ratio between the fourth channel quality and the third channel quality is
greater than or equal to the target threshold.

[00162] In one embodiment of the above user equipment, the first information is
further used to determine at least one of the first channel quality or the third channel
quality.

[00163] In one embediment of the above user equipment, the second receiver further
receives a second wireless signal, wherein a target antenna port group is used to
transmit the second wireless signal; the target antenna port group is associated with
the K1 antenna port groups and the first proportional sequence; or the target antenna
port group is associated with the K2 antenna port groups and the first proportional
sequence.

[00164] The present disclosure provides a base station for multi-antenna
transmission, including:

[00165] a first transmitter, transmitting a first signaling;

[00168] a second transmitter, transmitting a first wireless signal; and

[00167] a third receiver, receiving first information;

[00168] wherein, K antenna port groups are used to transmit the first wireless signal

the first signaling is used to determine the K antenna port groups, the K is a positive
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integer greater than 1; the K antenna port groups respectively correspond to K channel
quality values; the K channel quality values are K non-negative real numbers; K1
antenna port groups of the K antenna port groups correspond to K1 channel quality
values of the K channel quality values; the K1 is a positive integer less than or equal
to the K; a first proportional sequence corresponds to a ratio{ratios) among the K1
channel quality values; the first information is used to determine the K1 antenna port
groups and the first proportional sequence; the first signaling is used to determine a
target threshold, the target threshold is a non-negative real number; a first channel
quality is a best channel quality value among the K1 channel quality values; a second
channel quality is a worse channel quality value among the K1 channel quality values;
a ratio between the second channel quality and the first channel quality is greater than
or equal to the target threshold.

[00189] In one embodiment of the above base station, the K channel quality values
are broadband channel quality values.

[00170] In one embodiment of the above base station, the first proportional sequence
includes K1 positive real numbers less than or equal to 1, and the first proportional
sequence comprises at least one 1, or the first proportional sequence comprises
quantized values corresponding to K1 positive real numbers; the first proportional
sequence comprises K1-1 positive real numbers, and the K1-1 positive real numbers
is(are) a ratio(ratios) between the channel quality values other than the best channel
quality value among the K1 channel quality values and the hest channel quality value;
or the first proportional sequence comprises a quantized value(s) corresponding to
K1-1 positive real number(s).

[00171] In one embodiment, K2 antenna port groups in the K antenna port groups
correspond to K2 channel quality values in the K channel quality values, the K2 1s a
positive integer less than or equal to the K; a second proportional sequence
corresponds to a ratio among the K2 channel quality values; a first receiving
beamforming vector 1s used to receive signals transmitted through the K1 antenna port
groups; a second receiving beamforming vector is used to receive signals transmitted

through the K2 antenna port groups; the first receiving beamforming vector and the
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second receiving beamforming vector are different; the first information is further
used to determine K2 antenna port groups and the second proportional sequence.
[00172] In one embodiment of the above base station, any two antenna port groups in
the K1 antenna port groups are co-located or quasi-co-located (QCL), and any two
antenna port groups in the K2 antenna port groups are co-located or quasi-co-located
(QCL), or any two antenna port groups in the K1 antenna port groups are on a same
carrier, and any two antenna port groups in the K2 antenna port groups are on a same
carrier.

[00173] In one embodiment of the above base station, the first signaling is also used
to determine at least the last one of the K1, the K2, or the target threshold. A third
channel quality is a best channel quality value of the K2 channel quality values. A
fourth channel quality is the worst channel quality value of the K2 channel quality
values. The ratio between the fourth channel quality and the third channel quality is
greater than or equal to the target threshold.

[00174] In one embodiment of the above base station, the first information is further
used to determine at least one of the first channel quality or the third channel quality.
[00175] In one embodiment of the above base station, the second receiver further
receives a second wireless signal; wherein a target antenna port group is used to
transmit the second wireless signal; the target antenna port group is associated with
the K1 antenna port groups and the first proportional sequence, or the target antenna
port group is associated with the K2 antenna port groups and the first proportional
sequence.

[00176] Compared with the prior art, the present disclosure has the following
advantages:

[00177] The service beam may be generated and used more flexibly through
reporting channel quality ratios to increase beamforming gain.

[00178] The robustness and flexibility of subsequent transmissions are increased by
multiple sets of reports for varied receiving beamforming.

[00179] The flexibility of multi-user scheduling of the base station is increased by

the reporting of the best channel quality, combined with the reporting of the channel
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quality ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[00180] Other features, objects, and advantages of the present disclosure will become

mare apparent from the detailed description of the accompanying drawings.

[00181] FIG.1 shows a flow chart of transmission of a first signaling, a first wireless
signal, and first information in accordance with one embodiment of the present

disclosure.

[00182] FIG. 2 shows a schematic diagram of a network architecture in

accordance with one embodiment of the present disclosure,

[00183] FIG. 3 shows a schematic diagram of a radio protocol architecture of a
user plane and a control plane according to an embodiment of the present

disclosure.

[00184] FIG. 4 shows a schematic diagram of a base station device and a given

user equipment according to an embodiment of the present disclosure.

[00185] FIG. 5 shows a flow chart of wireless transmission in accordance with one

embodiment of the present disclosure.

[00186] FIG. 6 shows a schematic diagram of analog beamforming of K reference

signal groups in accordance with an embodiment of the present disclosure.

[00187] FIG. 7 shows a timing diagram of K reference signal groups in accordance

with one embodiment of the present disclosure,

[00188] FIG. 8 shows a schematic diagram of K1 antenna port groups and K2

antenna port groups in accordance with one embodiment of the present disclosure.

[00189] FIG. 9 shows a schematic diagram of a second wireless signal beamforming

in accordance with an embodiment of the present disclosure.

[00190] FIG. 10 shows a block diagram showing the structure of a processing device

in a UE in accordance with an embodiment of the present disclosure.

[00191] FIG. 11 shows a block diagram showing the structure of a processing device

in a base station in accordance with an embodiment of the present disclosure.

DESCRIPTION OF THE EMBODIMENTS
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[00192] Embodiment 1

[00193] Embodiment 1 illustrates a flow chart of transmission of a first signaling, a
first wireless signal, and first information in accordance with one embodiment of the
present disclosure, as shown in FIG. 1. In FIG. 1, each box represents a step. In
Embodiment 1, the user equipment in this disclosure receives a first signaling,
receives a first wireless signal, and transmits a first information in sequence. K
antenna port groups are used to transmit the first wireless signal. The first signaling is
used to determine the K antenna port groups. The K is a positive integer greater than 1.
The K antenna port groups respectively correspond to K channel quality values. The
K channel quality values are K non-negative real numbers. K1 antenna port groups of
the K antenna port groups correspond to K1 channel quality values of the K channel
quality values. the K1 is a positive integer less than or equal to the K. A first
proportional sequence corresponds to a ratio(ratios) among the K1 channel quality
values. The first information is used to determine the K1 antenna port groups and the

first proportional sequence.
[00194] As a sub-embodiment, the first signaling is a higher layer signaling.
[00195] As a sub-embodiment, the first signaling is an RRC signaling,

[00196] As a sub-embodiment, the first signaling is used to determine configuration

of Channel State Information report (CSI).

[00197] As a sub-embodiment, the first signaling is an RRC signaling for
configuring CSI-RS.

[00198] As a sub-embodiment, the first signaling is an RRC signaling for
configuring a beamformed CSI-RS (Beamformed CSI-RS).

[00199] As a sub-embodiment, the first signaling is a physical layer signaling,
[00200] As a sub-embodiment, the first signaling is carried by a PDCCH.

[00201] As a sub-embodiment, the first signaling is used to activate RRC

pre-configuration,

[00202] As a sub-embodiment, the K antenna port groups respectively correspond to

K reference signal groups.

[00203] As a sub-embodiment, the antenna port group includes only one antenna
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port.

[00204] As a sub-embodiment, the reference signal group includes only one

reference signal.

[00205] As a sub-embodiment, the K is one of 2, 4, 8, 12, 16, 24, and 32.
[00208] As a sub-embodiment, the reference signal is CSI-RS.

[00207] As a sub-embodiment, the reference signal is SS.

[00208] As a sub-embodiment, the first wircless signal is composed of the K

reference signal groups.

[00209] As a sub-embodiment, the first wireless signal is composed of K
beam-formed CSI-RSs.

[00210] As a sub-embodiment, the channel quality value is one of RSRP, SINR, and
SNR.

[00211] As a sub-embodiment, the channel quality values are wideband channel

quality values.

[00212] As a sub-embodiment, a wideband channel measurement is used to

determine the wideband channel quality values,

[00213] As a sub-embodiment, the wideband channel measurement refers to a
channel measurement value for the entire system bandwidth obtained by measuring a

channel on the entire system bandwidth.

[00214] As a sub-embodiment, the wideband channel measurement refers to a
channel measurement value for the entire subcarrier bandwidth obtained by measuring

a channel on the entire sub-carrier bandwidth.

[00215] As a sub-embodiment, the broadband is composed of a plurality of

sub-bands, and the sub-bands are composed of one or more Resource Blocks (RBs).
[00216] As a sub-embodiment, one RB includes 12 subcarriers.

[00217] As a sub-embodiment, one sub-band includes 5 RBs.

[00218] As a sub-embodiment, the wideband includes 10 sub-bands.

[00219] As a sub-embodiment, the K1 is smaller than the K.
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[00220] As a sub-embodiment, the K1 is one of 2, 3, and 4.
[00221] As a sub-embodiment, the first signaling is used to determine the K.
[00222] As a sub-embodiment, the first signaling is used to determine the K1.

[00223] As a sub-embodiment, the K1 channel quality values are a best channel

quality values among the K channel quality values.

[00224] As a sub-embodiment, the first information is used to determine the Kl

antenna port groups and the first proportional sequence.

[00225] As a sub-embodiment, the first proportional sequence is composed of K1

non-negative real numbers not greater than one,

[00226] As a sub-embodiment, the first proportional sequence is composed of K1

positive real numbers not greater than one.

[00227] As a sub-embodiment, the first information is used to determine KI-1
non-negative real number{s), and the K1-1 positive real number(s) is(are) a ratio(s)
between the channel quality values other than the best channel quality value among

the K1 channel quality values and the best channel quality value,

[00228] As a sub-embodiment, the first information is used to determine quantized

values corresponding to the K1-1 non-negative real number(s).

[00229] As a sub-embodiment, any one of the K1-1 non-negative real number(s) is

not less than 0 and not greater than 1.

[00230] As a sub-embodiment, the K 1-1 non-negative real number(s) is(are) used to

determine the first proportional sequence.
[00231] As a sub-embodiment, the first information is carried by a PUCCH.
[00232] As a sub-embodiment, the first signal is carried by a PUSCH.

[00233] As a sub-embodiment, the first information is Uplink Control Information
(UCT).

[00234] Embodiment 2

[00235] Embodiment 2 illustrates a schematic diagram of a network architecture in
accordance with the present disclosure, as shown in FIG. 2. FIG. 2 illustrates a

network structure 200 of NR 5G, long-term evolution (LTE) and long-term evolution

24

676



advanced (LTE-A) systems. The network architecture 200 of NR 5G or LTE may be
referred to as an evolve packet system (EPS) 200 or some other suitable terminology.
The EFS 200 may include one or more UEs 201, an NG-RAN 902, an Evolved Packet
Core (EPC)/5G-Core Network(53G-CN) 210, a home subscriber server (HSS) 220 and
an internet service 230. The EPS 200 may be interconnected with other access
networks, but for the sake of simplicity, these entities/interfaces are not shown. As
shown in FIG. 2, the EPS provides packet switching services. Those skilled in the art
would readily appreciate that the various concepts presented throughout this
disclosure can be extended to networks or other cellular networks that provide circuit
switching services. The NG-RAN comprises an NR Node B (gNB) 203 and other
gNBs 204, The gNB 203 provides user and control plane protocol terminations for the
UE 201. The gNB 203 can be connected to other gNBs 204 via an Xn interface (e.g.,
a backhaul). The gNB 203 may also be referred to as a base station, a base transceiver
station, a radio base station, a radio transceiver, a transceiver function, a basic service
set (BSS), an extended service set (ESS), a transmission and reception point {TRP), or
some other suitable terminology. The gNB 203 provides the UE201 with an access
point to the EPC/5G-CN 210. In the embodiment, the UE201 comprses cellular
telephones, smart phones, Session Initiation Protocol (SIP) phones, laptop computers,
personal digital assistants (PDAs), satellite radios, non-ground base station
communications, satellite mobile communications, global positioning systems,
multimedia devices, video devices, digital audio player (e.g. MP3 players), cameras,
game consoles, drones, aircrafts, narrowband physical network devices, machine type
communication devices, land vehicles, cars, wearable devices, or any other similar to
functional devices. A person skilled in the art may also refer to UE 201 as a mobile
station, a subscriber station, a mobile unit, a subscriber unit, a radio unit, a remote unit,
a mobile device, a radio device, a radio communication device, a remote device, a
mabile subscriber station, an access terminal, a mobile terminal, a radio terminal,
remote terminal, handset, user agent, mobile client, client or some other suitable term,
The gNB 203 is connected to the EPC/5G-CN 210 through an S1/NG interface. The
EPC/5G-CN 210 compnses an MME/AMF/UPF 211, other MMEs/AMFs/UPFs
214, a Service Gateway (5-GW) 212 and a Packet Date Network Gateway (P-GW)
213. The MME/AMF/UPF 211 isa control node that handles a signaling between
the UE 201 and the EPC/5G-CN 210. In general, the MME/AMF/UPF 211 provides

carrier and connection management. All User Internet Protocol (IP) packets are
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transmitted through the S-GW 212, and the S-GW 212 itself is connected to the P-GW
213, The P-GW 213 provides UE IP address allocation as well as other functions. The
P-GW 213 is connected to the internet service 230, The internet service 230 includes
an operator-compatible internet protocol service, and may specifically include the
Internet, an intranet, an 1P Multimedia Subsystem {IMS), and a PS streaming service
(PSS).

[00236] As a sub-embodiment, the UE 201 corresponds to the user equipment in this

disclosure.

[00237] As a sub-embodiment, the gNB 203 corresponds to the base station in the

present disclosure.

[00238] As a sub-embodiment, the UE 201 supports multi-antenna transmission.
[00239] As a sub-embodiment, the UE 201 supports wideband channel measurement.
[00240] As a sub-embodiment, the gNB 203 supports multi-antenna transmission.
[00241] As a sub-embodiment, the gNB 203 supports wideband beamforming.
[00242] Embodiment 3

[00243] Embodiment 3 illustrates a schematic diagram of a radio protocol
architecture of a user plane and a control plane according to an embodiment of
the present disclosure, as shown in FIG. 3. FIG. 3 is a schematic diagram illustrating
an embodiment of a radio protocol architecture for a user plane and a control plane,
and FIG. 3 illustrates a radio protocol architecture for the UE and the base station
equipment (gNB or eNB) in three layers: layer 1, layer 2 and layer 3. The Layer 1 (L1
layer) is the lowest layer and implements various signal processing functions of the
physical layer (i.e., PHY) . The L1 layer will be referred to herein as PHY 301. The
Layer 2 (L2 layer) 305 is above PHY 301 and is responsible for the link between the
UE and the gNB through PHY 301. In the user plane, L2 layer 305 comprises a media
access control (MAC) sub-layer 302, a radio link control (RLC) sub-layer 303 and a
packet data convergence protocol (PDCP) sub-layer 304, and these sub-layers
terminate at the gNB of the network side. Although not illustrated in FIG. 3, the UE
may have several upper layers above the L2 layer 305, including a network layer (i.e.,
an IP layer) terminated at the P-GW of the network side and an application layer

terminated at the other side of the connection (i.e., a peer UE, server, etc.). The PDCP
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sub-layer 304 provides multiplexing between different radio bearers and logical
channels. The PDCP sublayer 304 also provides header compression for an upper
layer packet to reduce a radio transmission overhead, provides security by encrypting
a packet, and provides support for UE handover between gNBs. The RLC sublayer
303 provides segmentation and reassembling of an upper layer data packet,
retransmission of a lost packets and reordering of a packet to compensate for the
disordered reception resulted from the hybrid automatic repeat request (HARQ).
The MAC sublayer 302 provides multiplexing between a logical channel and a
transport channel. The MAC sublaver 302 is also responsible for allocating various
radio resources (i.e., resource blocks) in one cell between UEs. The MAC sublayer
302 is also responsible for HARQ operation. In the control plane, the radio protocol
architecture for the UE and gNB is substantially the same as the radio protocol
architecture in the user plane on the physical layer 301 and the L2 layer 305, but there
is no header compression function for the control plane. The control plane also
comprises a Radio Resource Control (RRC) sublayer 306 in Layer 3 (L3 layer). The
RRC sublayer 306 is responsible for obtaining radio resources (i.¢. radio bearers) and

configuring the lower layer using an RRC signaling between the gNB and the UE.

[00244]In one embodiment, the radio protocol architecture of FIG. 3 is

applicable to the user equipment in this disclosure.

[00245]In one embodiment, the radic protocol architecture of FIG. 3 is

applicable to the base station in this disclosure.

[00246] As a sub-embodiment, the first signaling in the present disclosure is

generated in the RRC sublayer 306,

[00247] As a sub-embodiment, the first signaling in the present disclosure is
generated by the PHY 301,

[00248] As a sub-embodiment, the first wireless signal in the present disclosure is

generated by the PHY 301,

[00249] As a sub-embodiment, the first information in the present disclosure is
generated by the PITY 301.

[00250] Embodiment 4

[00251] Embodiment 4 shows a schematic diagram of a base station device and a
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given user equipment according to the present disclosure, as shown in FIG. 4. FIG.
4 is a block diagram of a gNB 410 in communication with a UE450 in an access

network,

[00252] The base station (410) may comprise a controller/processor 440, a scheduler
443, a memory 430, a receiving processor 412, a transmitting processor 415, a MIMO
transmitting processor 441, a MIMO detector 442, a transmitter/receiver 416, and an

antenna 420.

[00253] The user equipment (UE450) may comprise a controller/processor 490, a
memory 480, a data source 467, a transmitting processor 435, a receiving processor
452, a MIMO transmitting processor 471, a MIMO detector 472, a

transmitter/receiver 466, and an antenna 460.

[00254] In Downlink (DL) transmission, the processing associated with the base

station (410) may include the following operations:

[00255] The upper layer packet is provided to the controller/processor 440. The
controller/processor 440 provides header compression, encryption, packet
segmentation and reordering, and multiplexing between a logical channel and a
transport channel so as to implement L2 layer protocols for the user plane and the
control plane. The upper layer packet may include data or control information, such as

a Downlink Shared Channel (DL-SCH),

[00256] The controller/processor 440 can be associated with the memory 430 that

stores program codes and data. The memory 430 can be a computer readable medium.

[00257] The controller/processor 440 notifies the scheduler 443 to transmit the
demand. The scheduler 443 is configured to schedule the air interface resource
corresponding to the transmission requirement, and notify the controller/processor

440 of the scheduling result.

[00258] The transmitting processor 415 receives the output bitstream of
controller/processor 440, and implements various signal transmission processing
functions for the L1 layer (i.e., the physical layer), including encoding, interleaving,
scrambling, modulation, power control/allocation and generation of physical layer
control signaling (including PBCH, PDCCH, PHICH, PCFICH, a reference signal),

etc.
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[00259] The MIMO transmitting processor 441 performs spatial processing for data
symbols, control symbols or reference signal symbols {such as precoding, beam

shaping), and outputs baseband signals to the transmitter 416,

[00260] The transmitter 416 is configured to convert the baseband signal provided by
the MIMO transmitting processor 441 into a radio frequency signal and to transmit
the radic frequency signal via the antenna 420. Each transmitter 410 samples the
respective input symbol streams to obtain a respective sampled signal stream. Each
transmitter 416 performs further processing (e.g, digital to analog conversion,
amplification, filtering, upconversion, etc.) on a respective sampled stream to obtain a

downlink signal.

[00261] In Downlink (DL) transmission, the processing associated with the user

equipment {UE450) may include the following operations:

[00262] The receiver 456 is configured to convert the radio frequency signal
received through the antenna 460 into a baseband signal and provide the baseband

signal to the MIMO detector 472,

[00263] The MIMO detector 472 is configured to perform MIMO detection on the
signal received from the receiver 456, and provide the MIMO-detected baseband

sighal to the receiving processor 452,

[00264] The receiving processor 452 implements various signal receiving processing
functions for the L1 layer (i.¢., the physical layer) including decoding, deinterleaving,

descrambling, demodulation, and physical layer control signaling extraction, etc.

[00265] The controller/pracessor 490 receives the bitstream output by the receive
processor 452, The controller/processor 490 provides header compression, encryption,
packet segmentation and reordering, and multiplexing between a logical channel and a
transport channel to implement L2 layer protocols for the user plane and the control

plane.

[00266] The controller/processor 490 can be associated with the memory 480 that

stores program codes and data. The memory 480 can be a computer readable medium.

[00267] The first signaling in the present disclosure may be generated by the
transmitting processor 415 or transmitted to the controller/processor 440 by higher

layer signaling. The scheduler 443 schedules the air interface resources occupied by
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the first signaling. The MIMO transmission processor 441 performs multi-antenna
precoding processing on the symbols output by the transmission processor. The
transmitter 416 converts the baseband signal provided by the MIMOQ transmitting
processor 441 into a radio frequency signal and transmits the radio frequency signal
via the antenna 420, The receiver 456 converts the radio frequency signal received by
the antenna 460 and the first signaling into a baseband signal and provides the
baseband signal to the MIMO detector 472. The MIMO detector 472 performs MIMO
detection on the signal received from the receiver 456, The receiving processor 452
processes the baseband signal output by the MIMO detector 472 to obtain the first
signaling or transmits the baseband signal to the controller/processor 440 for further

processing related to a higher layer to obtain the first signaling,

[002688] The first wireless signal in the present disclosure is K reference signal
groups generated by the transmitting processor 415. The MIMO transmitting
processor 441 performs beamforming processing on the K reference signal groups
output by the transmitting processor, and transmits the K reference signal groups to
the K antenna port groups for transmission. The transmitter 416 converts the baseband
signal provided by the MIMO transmitting processor 441 into a radio frequency signal
and transmits the radio frequency signal via the antenna 420. The receiver 456
converts the radio frequency signal received by the antenna 460 and the first radio
signal into a baseband signal and provides the first radio signal to the MIMO detector
472 The MIMO detector 472 performs MIMO detection on the signal received from
the receiver 456. The receiving processor 452 performs channel measurement based
on the baseband signal output by the MIMO detector 472 and the K reference signal

groups to obtain the K channel quality values.

[00269] In Uplink (UL) transmission, the processing associated with the user
equipment (UE450) may include the following operations:

[00270] The data source 467 provides an upper layer packet to the
controller/processor 490. The controller/processor 490 provides header compression,
encryption, packet segmentation and reordenng, and multiplexing between logical
and transport channels to implement L2 layer protocols for the user plane and the
control plane. The upper layer packet may include data or control information, such as
an Uplink Shared Channel (UL-SCH).
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[00271] The controller/processor 490 can be associated with the memory 480 that

stores program codes and data. The memory 480 can be a computer readable medium.

[00272] The transmitting processor 455 receives the bitstream output by the
controller/processor 490, and implements various signal transmission processing
functions for the L1 layer (i.e., the physical layer), including encoding, interleaving,
scrambling, modulation, power control/allocation and generation of physical layer

control signaling {including PUCCH, Sounding Reference Signal {SRS)), etc.

[00273] The MIMO transmitting processor 471 performs spatial processing for data
symbols, control symbols or reference signal symbols (such as precoding, beam

shaping), and outputs baseband signals to the transmiiter 456,

[00274] The transmitter 456 is configured to convert the baseband signal provided by
the MIMO transmitting processor 471 into a radio frequency signal and to transmit
the radio frequency signal via the antenna 460. Each transmitter 456 samples the
respective input symbol streams to obtain a respective sampled signal stream. Each
transmitter 456 performs further processing (e.g., digital to analog conversion,
amplification, filtering, upconversion, etc.} on the respective sample stream to obtain

an uplink signal.

[00275] In Uplink (UL) transmission, the processing associated with the base station

(410) may include the following operations:

[00276] The receiver 416 is configured to convert the radio frequency signal
received by the antenna 420 into a baseband signal and provide the baseband signal to
the MIMO detector 442.

[00277] The MIMO detector 442 is configured to perform MIMOQ detection on the
signal received from the receiver 416, and provide the MIMO-detected baseband

signal to the receiving processor 442.

[00278] The receiving processor 412 implements various signal receiving processing
functions for the L1 layer (i.e., the physical layer) including decoding, deinterleaving,

descrambling, demodulation, and physical layer control signaling esxtraction, ete.

[00279] The controller/processor 440 receives the bitstream output by the receiving
processor 412, The controller/processor 490 provides header compression, encryption,

packet segmentation and reordering, and multiplexing between a logical channel and a
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transport channel to implement L2 layer protocols for the user plane and the control

plane.

[00280] The controller/processor 440 can be associated with the memory 430 that

stores program codes and data. The memory 430 can be a computer readable medium.

[00281] The first information in the present disclosure may be generated by the
transmitting processor 455 to the controller/processor 490, The MIMO transmitting
processor 471 performs multi-antenna precoding processing on the symbols output by
the transmitting processor. The transmitter 456 converts the baseband signal provided
by the MIMO transmitting processor 471 into a radio frequency signal and transmits
the radio frequency signal via the antenna 460 The receiver 416 converts the radio
frequency signal related to the first information received by the antenna 420 into a
baseband signal and provides the baseband signal to the MIMO detector 442, The
MIMO detector 442 performs MIMO detection on the signal received from the
receiver 416. The receiving processor 412 processes the baseband signal output by the

MIMO detector 442 to obtain the first information.

[00282] As a sub-embodiment, the UE 450 includes: at least one processor and at
least one memory. The at least one memory includes computer program code. The at
least one memory and the computer program code are configured to use with the at
least one processor together. The UE450 at least: receives a first signaling; receives a
first wireless signal; and transmits first information; wherein, K antenna port groups
are used to transmit the first wireless signal; the first signaling is used to determine
the K antenna port groups; the K is a positive integer greater than 1; the K antenna
port groups respectively correspond to K channel quality values; the K channel
quality values are K non-negative real numbers, K1 antenna port groups of the K
antenna port groups correspond to K1 channel quality values of the K channel quality
values; the K1 is a positive integer less than or equal to the K; a first proportional
sequence corresponds to a ratio(ratios) among the K1 channel quality values; the first
information is used to determine the K1 antenna port groups and the first proportional

séqunce.

[00283] As a sub-embodiment, the UE 450 includes: a memory storing a
computer readable instruction program that, when executed by at least one processer,

performs operations. The operations include: receiving a first signaling; receiving a
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first wireless signal; and transmitting first information, wherein, K antenna port
groups are used to transmit the first wireless signal; the first signaling is used to
determine the K antenna port groups, the K is a positive integer greater than 1, the K
antenna port groups respectively correspond to K channel quality values; the K
channel quality values are K non-negative real numbers; K1 antenna port groups of
the K antenna port groups correspond to K1 channel quality values of the K channel
quality values; the K1 is a positive integer less than or equal to the K; a first
proportional sequence corresponds to a ratio(ratios) among the K1 channel quality
values, the first information is used to determine the K1 antenna port groups and the

first proportional sequence.

[00284]  As a sub-embodiment, the gNB410 includes; at least one processor and
at least one memory. The at least one memory includes computer program code. The
at least one memory and the computer program code are configured to use with the at
least one processor together. The UE450 at least; transmits a first signaling; transmits
a first wireless signal; and receives first information; wherein, K antenna port groups
are used to transmit the first wireless signal; the first signaling is used to determine
the K antenna port groups; the K i1s a positive integer greater than 1; the K antenna
port groups respectively correspond to K channel quality values; the K channel
quality values are K non-negative real numbers; K1 antenna port groups of the K
antenna port groups correspond to K1 channel quality values of the K channel quality
values; the K1 is a positive integer less than or equal to the K; a first proportional
sequence corresponds to a ratio(ratios) among the K1 channel quality values; the first
information is used to determine the K1 antenna port groups and the first proportional

sequence.

[00285] As a sub-embodiment, the UE 450 includes: a memory storing a
computer readable instruction program that, when executed by at least one processor,
performs operations. The operations include: transmitting a first signaling;
transmitting a first wireless signal;, and receiving first information; wherein, K
antenna port groups are used to transmit the first wireless signal; the first signaling is
used to determine the K antenna port groups, the K is a positive integer greater than 1,
the K antenna port groups respectively correspond to K channel quality values; the K
channel quality values are K non-negative real numbers, K1 antenna port groups of

the K antenna port groups correspond to K1 channel quality values of the K channel
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quality values; the K1 is a positive integer less than or equal to the K; a first
proportional sequence corresponds to a ratio(ratios) among the K1 channel quality
values; the first information is used to determine the K1 antenna port groups and the

first proportional sequence.

[00286] As a sub-embodiment, the UE 450 corresponds to the user equipment in

this disclosure.

[o0287] As a sub-embodiment, the gNB 410 corresponds to the base station in

the present disclosure.

[00288] As a sub-embodiment, at least the first three of the receiver 456, the
MIMO detector 472, the receiving processor 452, and the controller/processor 490 are

used to receive the first signaling in the present disclosure.

[o0289] As a sub-embodiment, at least the first three of the transmitter 416, the
MIMO transmitter 441, the transmitting processor 415, and the controller/processor

440 are used to transmit the first signaling in this disclosure.

[00290] Ag a sub-embodiment, the receiver 456, the MIMQ detector 472 and the
receiving processor 452 are used to receive the first wireless signal in the present

disclosure.

[00291] As a sub-embodiment, the transmitter 416, the MIMO transmitter 441
and the transmit processor 415 are used to transmit the first wireless signal in this

disclosure.

[00292] As a sub-embodiment, at least the first three of the transmitter/receiver
456, the MIMO transmitter 471, the transmitting processor 455, and the

controller/processor 420 are used to transmit the first information in this disclosure.

[00293] As a sub-embodiment, the receiver 416, the MIMO detector 442, and the

receiving processor 412 are used to receive the first information in this disclosure.
[00294] Embodiment 5

[00295] Embodiment 5 illustrates a flow chart of wireless transmission, as shown
in FIG. 5. In FIG. 5, the base station N1 is a maintaining base station for the serving
cell of the UE U2 In FIG. 5, the steps in block F1 are optional.
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[00296] For N1, the first signaling is transmitted in step S11; the first wireless
signal is transmitted in step S12; the first information 1s received in step S13; and the

second signal is transmitted in step 514,

[00297]  For U2, the first signaling is received in step S21; the first wireless
signal is received in step S22; the first information is transmitted in step S23; and the

second signal is received in step S24.

[00298] In Embodiment 5, K antenna port groups are used to transmit the first
wireless signal. the first signaling is used to determine the K antenna port groups by
U2 The K is a positive integer greater than 1. The K antenna port groups respectively
correspond to K channel quality values. The K channel quality values are K
non-negative real numbers. K1 antenna port groups of the K antenna port groups
correspond to K1 channel quality values of the K channel quality values. the K1 is a
positive integer less than or equal to the K. A first proportional sequence corresponds
to a ratio{ratios) among the K1 channel quality values. The first information is used to

determine the K1 antenna port groups and the first proporticnal sequence.

[00299] As a sub-embodiment, K2 antenna port groups in the K antenna port
groups correspond to K2 channel quality values in the K channel quality values. The
K2 is a positive integer less than or equal to the K. a second proportional sequence
corresponds to a ratio among the K2 channel quality values. A first receiving
beamforming vector is used to receive signals transmitted through the K1 antenna port
groups by U@. A second receiving beamforming vector is used to receive signals
transmitted through the K2 antenna port groups by U2, The first receiving
beamforming vector and the second receiving beamforming vector are different; the
first information is further used to determine the K2 antenna port groups and the

second proportional sequence,

[00300] As a sub-embodiment, any two antenna port groups in the K1 antenna
port groups, and any two antenna port groups in the K2 antenna port groups are
co-located or quasi-co-located (QCL), or, any two antenna port groups in the K1
antenna port groups, and any two antenna port groups in the K2 antenna port groups

are on the same carner,

[00301]  As a sub-embodiment, the first signaling is further used to determine at
least the last one of the K1, the K2, or the target threshold by UZ. The target threshold
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is a non-negative real number. The first channel quality is the best channel quality
value of the K1 channel quality values. The second channel quality is the worst
channel quality value of the K1 channel quality values. The third channel quality is
the best channel quality value of the K2 channel quality values. The fourth channel
quality is the worst channel quality value of the K2 channel quality values. At least
one of a ratio between the second channel quality and the first channel quality, or a
ratio between the fourth channel quality and the third channel quality is greater than

or equal to the target threshold.

[00302] As a sub-embodiment, the first information is further used by U2 to

determine at least one of the first channel quality or the third channel quality.

[00303] As a sub-embodiment, the target antenna port group is used by NI to

transmit the second wireless signal.

[00304]  As a sub-embodiment, the target antenna port group is associated with
the K1 antenna port groups and the first proportional sequence. The K1 antenna port
groups correspond to K1 analog beamforming vectors. The K1 analog beam vectors
and the first proportional sequence are used by N1 to generate a first target analog
beamforming vector. The first target analog beamforming vector is used for analog
beamforming of the target antenna port group. The first receive beamforming vector is

used by U2 to receive the second wireless signal.

[00305] As a sub-embodiment, the target antenna port group is associated with
the K2 antenna port groups and the second proportional sequence The K2 antenna
port groups correspond to K2 analog beamforming vectors. The K2 analog beam
vectors and the second proportional sequence are used by N1 to generate a second
target analog beamforming vector. The second target analog beamforming vector is
used for analog beamforming of the target antenna port group. The second receive

beamforming vector is used by U2 to receive the second wireless signal.
[00306] Embodiment 6

[00307] Embodiment 6 illustrates a schematic diagram of analog beamforming of

K reference signal groups, as shown in FIG. 6.

[00308] In Embodiment 6, the K reference signal groups and the K antenna port

groups are in one-to-one comrespondence. The number of the reference signals in the
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reference signal group is equal to the number of the antenna ports in the

corresponding antenna port group.

[00309] In Embodiment 4, a physical antenna corresponding to one antenna port
is divided into S antenna groups, and each of the antenna groups includes a plurality
of antennas. The S is a positive integer. The antenna port is formed by superposing
multiple antennas in the S antenna groups through antenna virtualization. The
mapping coefficients of the plurality of antennas in the S antenna groups to the
antenna port constitute a beamforming vector. One antenna group is connected to the
baseband processor via a radio frequency (RF) link. One beamforming vector is
composed of an analog beamforming vector and a digital beamforming vector. The
mapping ceefficients of the plurality of antennas in the same antenna group to the
antenna port constitute an analog beamforming vector of the antenna group. Different
antenna groups included in one antenna port corresponding to the same analog
beamforming vector. The mapping coefficients of the different RF links included in
the antenna port to the antenna port constitute a digital beamforming vector of the

antenna port.

[00310] As a sub-embodiment, the reference signal group includes only one
reference signal, and the reference signal in the reference signal group is transmitted

by an antenna port in a corresponding transmitting antenna port group.

[00311] As a sub-embodiment, the reference signal group includes only a
plurality of the reference signals, and the plurality of reference signals in the reference
signal group are respectively sent by multiple antenna ports in the corresponding
transmitting antenna port group. Different antenna ports in one antenna port group

correspond to one same analog beamforming vector.

[00312]  As a sub-embodiment, different antenna ports in one antenna port group

correspond to the different digital beamforming vectors.

[00313] As a sub-embodiment, the K antenna port groups are a subset of M
antenna port groups. The UE transmits auxiliary information according to the
measurement in the M antenna port groups. The base station determines, according to

the auxiliary information, and configures the K antenna port groups for the UE.

[00314] Embodiment 7
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[00315] Embodiment 7 illustrates a timing diagram of K reference signal groups,
as shown in F1G. 7.

[00316] In Embodiment 7, the K antenna port groups correspond to K reference
signal groups. The time domain resources occupied by any two anternna port groups in
the K reference signal groups are orthogonal. The analog beamforming wvectors
corresponding to any two reference signal groups in the K reference signal groups
cannot be considered to be the same. The K reference signal groups occupy K time

windows. The K time windows are orthogonal in the ime domain.

[00317] As a sub-embodiment, FIG. 7 depicts one transmission of the K

reference signal groups. The K reference signal groups are transmitted periodically.

[00318] As a sub-embodiment, the reference signal adopts a pattern of CSI-RS

within a time window.

[00319] As a sub-embodiment, the reference signal adopts a pattern of S8 within

a time window.

[00320] As a sub-embodiment, the time window in FIG. 7 includes Q1 OFDM
symbols, and the Q1 is one of 2, 4, 7 and 14.

[00321] Embodiment 8

[00322] Embodiment 8 illustrates a schematic diagram of K1 antenna port groups
and K2 antenna port groups, as shown FIG. 8. In Embodiment 8, the K antenna port
groups are used to transmit the first wireless signal. The K analog beamforming
vectors are used for transmitting analog beamforming of the K antenna port groups
respectively. The K antenna port groups respectively correspond to K channel quality
values. The best K1+K2 channel quality values of the K channel quality values
respectively comrespond to the first receive beamforming vector and the second
receive beamforming wvector. The first receiving beamforming vector performs
receiving analog beamforming on the signals transmitted through the K1 antenna port
groups. The second receiving beamforming vector performs receiving analog

beamforming on the signals transmitted through the K2 antenna port groups.
[00323] Embodiment 9

[00324] Embodiment 9 illustrates a schematic diagram of a second wireless

signal beamforming, as shown in FIG. 9. In FIG. 9, the dotted ellipse represents an
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analog beam for transmitting a first wireless signal, and the solid ellipse represents an

analog beam for transmitting a second wireless signal.

[00325] In Embodiment 9, the UE receives the first wireless signal transmitted
through the K antenna port groups. The K antenna port groups correspond to the K
channel quality values. The UE receives the first signaling to determine that K1 is
equal to 2. The first antenna port group and the second antenna port group are two
antenna port groups of the K antenna port groups. The first antenna port group
corresponds to the first channel quality. The second antenna port group is
corresponding, to the second channel quality. The first channel quality is a best
channel quality value of the K channel quality values. The second channel quality is a
second best channel quality value of the K channel quality values, The UE reports
{the first antenna port group, the second antenna port group, and the first proportional
sequence} to the base station. The first proportional sequence is composed of 1, ratio
of the second channel quality and the first channel quality. The first analog
beamforming vector is used for analog beamforming of the first antenna port group.
The second analog beamforming vector is used for analog beamforming of the second
antenna port group. The base station generates a target analog beamforming vector by
using a direction corresponding to the first analog beamforming vector, a direction
corresponding to the second analog beamforming vector, and the first proportional
sequence according to the UE report. The beam direction corresponding to the target
analog beamforming vector is between a beam direction corresponding to the first
analog beamforming vector and a beam direction corresponding to the second analog
beamforming wvector. The target analog beamforming vector is used for analog
beamforming of the target antenna port group. The target antenna port group is used

to transmit the second wireless signal.
[00326] Embodiment 10

[00327] Embodiment 10 illustrates a block diagram showing the structure of a
processing device in a UE. In FIG. 10, a UE 1000 is composed of a first receiver 1001,

a second receiver 1002, and a third transmitter 1003,

[o0328] In Embodiment 10, the first receiver 1001 is configured to receive the
first signaling; the second receiver 1002 is configured to receive the first wireless

signal; and the third transmitter 1003 is configured to send the first information.
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[00329] In Embodiment 10, K antenna port groups are used to transmit the first
wireless signal; the first signaling is used to determine the K antenna port groups. The
K 1s a positive integer greater than 1. The K antenna port groups respectively
correspond to K channel quality values. The K channel quality values are K
non-negative real numbers. K1 antenna port groups of the K antenna port groups
correspond to K1 channel quality values of the K channel quality values. The K1 is a
positive integer less than or equal to the K. A first proportional sequence corresponds
to a ratio{ratios) among the K1 channel quality values. The first information is used to

determine the K1 antenna port groups and the first proportional sequence.

[00330] As a sub-embodiment, the K2 antenna port groups in the K antenna port
groups correspond 1o K2 channel quality values in the K channel quality values. The
K2 is a positive integer less than or equal to the K. A second proportional sequence
cotresponds to a ratio among the K2 channel quality values. A first receiving
beamforming vector is used to receive signals transmitted through the K 1 antenna port
groups. A second receiving beamforming vector is used to receive signals transmitted
through the K2 antenna port groups. The first receiving beamforming vector and the
second receiving beamforming vector are different; the first information is further

used to determine the K2 antenna port groups and the second proportional sequence.

[00331] As a sub-embodiment, any two antenna port groups in the K1 antenna
port groups, and any two antenna port groups in the K2 antenna port groups are
co-located or quasi-co-located (QCL), or, any two antenna port groups in the K1
antenna port groups and any two antenna port groups in the K2 antenna port groups

are on the same carrier.

[00332] As a sub-embodiment, the first signaling is further used to determine at
least the last one of the K1, the K2, or the target threshold. The target threshold is a
non-negative real number. The first channel quality is a best channel quality value of
the K1 channel quality values. The second channel quality is the worst channel quality
value of the K1 channel quality values. The third channel quality is a best channel
quality value of the K2 channel quality values. The fourth channel quality is the worst
channel quality value of the K2 channel quality values. At least one of a ratio between
the second channel quality and the first channel quality or a ratio between the fourth
channel quality and the third channel quality is greater than or equal to the target
threshold.
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[00333] As a sub-embodiment, the first information is further used to determine

at least one of the first channel quality or the third channel quality.

[00334] As a sub-embodiment, the second receiver 1002 is also used to receive a
second wireless signal. The target antenna port group is used to transmit the second
wireless signal. The target antenna port group is associated with the K1 antenna port
groups and the first proportional sequence, or, the target antenna port group is

associated with the K2 antenna port groups and the second proportional sequence.
[00335] Embodiment 11

[00336] Embodiment 11 illustrates a block diagram showing the structure of a

processing device in a base station, as shown in FIG. 11.

[00337] In FIG. 11, the base station 1100 includes a first transmtter 1101, a

second transmitter 1102, and a third receiver 1103,

[00338] In Embodiment 11, the first transmitter 1101 is configured to transmit
the first signaling; the second transmitter 1102 is configured to transmit the first
wireless signal; and the third receiver 1103 is configured to receive the first

information.

[00339] In Embodiment 11, K antenna port groups are used to transmit the first
wireless signal; the first signaling is used to determine the K antenna port groups. The
K is a positive integer greater than 1. The K antenna port groups respectively
correspond to K channel quality values. The K channel quality values are K
non-negative real numbers. K1 antenna port groups of the K antenna port groups
correspond to K1 channel quality values of the K channel quality values. The K1 is a
positive integer less than or equal to the K. A first proportional sequence corresponds
to a ratio(ratios) among the K1 channel quality values. The first information is used to

determine the K1 antenna port groups and the first proportional sequence.

[00340] As a sub-embodiment, the K2 antenna port groups in the K antenna port
groups correspond to K2 channel quality values in the K channel quality values. The
K2 is a positive integer less than or equal to the K. A second proportional sequence
corresponds to a ratio among the K2 channel quality values. A first receiving
beamforming vector is used to receive signals transmitted through the K1 antenna port

groups. A second receiving beamforming vector is used to receive signals transmitted
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through the K2 antenna port groups. The first receiving beamforming vector and the
second receiving beamforming vector are different; the first information is further

used to determine the K2 antenna port groups and the second proportional sequence.

[00341] As a sub-embodiment, any two antenna port groups in the K1 antenna
port groups, and any two antenna port groups in the K2 antenna port groups are
co-located or quasi-co-located (QCL),; or, any two antenna port groups in the Kl
antenna port groups, and any two antenna port groups in the K2 antenna port groups

are on the same carner.

[00342] As a sub-embodiment, the first signaling 1s further used to determine at
least the last one of the K1, the K2, or the target threshold. The target threshold is a
non-negative real number. The first channel quality is a best channel quality value of
the K1 channel quality values. The second channel quality 1s the worst channel quality
value of the K1 channel quality values. The third channel quality is a best channel
quality value of the K2 channel quality values. The fourth channel quality is the worst
channel quality value of the K2 channel quality values. At least one of a ratic between
the second channel quality and the first channel quality or a ratio between the fourth
channel guality and the third channel quality is greater than or equal to the target
threshold.

[00343] As a sub-embodiment, the first information is further used to determine

at least one of the first channel quality or the third channel quality.

[00344] As a sub-embodiment, the second transmitter is further configured to
transmit a second wireless signal. The target antenna port group is used to transmit the
second wireless signal. The target antenna port group is associated with the Kl
antenna port group and the first proportional sequence; or the target antenna port
group is associated with the K2 antenna port group and the second proportional

sequence.

[00345] The ordinary skill in the art may understand that all or part of steps in the
above method may be implemented by instructing related hardware through a
program. The program may be stored in a computer readable storage medium, for
example Read-Only-Memory (ROM), hard disk or compact disc, etc. Optionally, all
or part of steps in the above embodiments also may be implemented by one or more

integrated circuits. Correspondingly, each module unit in the above embodiment may
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be implemented in the form of hardware, or in the form of software function modules.
The present disclosure is not limited to any combination of hardware and software in
specific forms, The UE and terminal in the present disclosure include but are not
limited to unmanned aerial vehicles, communication modules on unmanned aerial
vehicles, telecontrolled aircrafts, aircrafts, diminutive airplanes, mobile phones, tablet
computers, notebooks, vehicle-mounted communication equipment, radio sensor,
network cards, terminals for Internet of Things (IOT), RFID terminals, NB-IOT
terminals, Machine Type Communication (MTC) terminals, enhanced MTC (eMTC)
terminals, data cards, low-cost mobile phones, low-cost tablet computers, etc. The
base station in the present disclosure includes but is not limited to macro-cellular base
stations, micro-cellular base stations, home base stations, relay base station, gNB (NR
node B), Transmitter Receiver Point (TRP), and other radio communication

equipment.

[00346] The above are merely the preferred embodiments of the present disclosure
and are not intended to limit the scope of protection of the present disclosure. Any
modification, equivalent substitute and improvement made within the spirit and
principle of the present disclosure are intended to be included within the scope of

protection of the present disclosure.
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20160102-PCT-US-DA1

ABSTRACT

A method and a device for multi-antenna transmission in a user equipment and
a base station are disclosed in the present disclosure. The user equipment first receives
a first signaling, receives a first wireless signal, and transmits first information. K
antenna port groups are used to transmit the first wireless signal. The first signaling is
used to determine the K antenna port groups. The K antenna port groups respectively
correspond to K channel quality values. K1 antenna port groups of the K antenna port
groups correspond to K1 channel quality values of the K channel quality values. The
K1 is a positive integer less than or equal to the K. A first proportional sequence
corresponds to a ratio{ratios) among the K1 channel quality wvalues. The first
information is used to determine the K1 antenna port groups and the first proportional

sequence.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for multi-antenna transmission in a user equipment (UE), comprising:

receiving a first signaling;

receiving a first wireless signal; and

transmitting first information,

wherein, K antenna port groups are used to transmit the first wireless signal; the first
signaling is used to determine the K antenna port groups transmitting the first wireless signal; the
K is a positive integer greater than 1; the K antenna port groups respectively correspond to K
channel quality values, the K channel quality values are K non-negative real numbers; the K
channel quality values are Reference Signal Received Powers (RSRPs) or Signal to Interference
plus Noise Ratios (SINRs); K1 antenna port groups of the K antenna port groups correspond to
K1 channel quality values of the K channel quality values; the K1 is a positive integer less than
or equal to the K; a first proportional sequence corresponds to a ratio(ratios) among the K1
channel quality values, the first information is used to determine the K1 antenna port groups and
the first proportional sequence; the first signaling is used to determine a target threshold, the
target threshold is a non-negative real number; a first channel quality is a best channel quality
value among the K1 channel quality values, a second channel quality is a worse channel quality
value among the K1 channel quality values; a ratio between the second channel quality and the
first channel quality is greater than or equal to the target threshold; the first signaling is a RRC
(Radio Resource Control) signaling; the first information is transmitted in a CSI (Channel State
Information) report; the first information is carried by a PUSCH (Physical Uplink Shared
Channel) or a PUCCH (Physical Uplink Control Channel).
2. The method according to claim 1, wherein the K channel quality values are broadband
channel quality values, or the first proportional sequence comprises K1 positive real numbers
less than or equal to 1, and the first proportional sequence comprises at least one 1, or the first
propertional sequence comprises quantized values corresponding to K1 positive real numbers; or
the first proportional sequence is composed of K1 positive real numbers, and the K1 positive real
numbers are respectively ratios between the K1 channel quality values and the best channel

quality value of the K1 channel quality values; or the first proportional sequence comprises K1-1
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positive real number(s), and the K1-1 positive real number(s) is(are} a ratio(ratios} between a
channel quality value(s} other than the best channel quality value among the K1 channel quality
values and the best channel quality value; or the first proportional sequence comprises quantized
values corresponding to K1-1 positive real number(s).
3. The method according to claim 1, wherein the first signaling is UE specific;

or, the unit of the target threshold is dB;

or, the first signaling implicitly indicates the target threshold;

or, the K antenna port groups correspond to K reference signal groups, the time domain
resources occupied by any two of the K reference signal groups are orthogonal, the analog
beamforming vectors corresponding to any two of the K reference signal groups cannot be
considered to be the same, the K reference signal groups occupy K time windows, and the K

time windows are orthogonal in the time domain.

4. The method according to claim 1, wherein any two antenna ports in the K1 antenna port
groups are co-located or quasi-co-located (QCL); or any two antenna ports in the K1 antenna
port groups are on a same carrier; or the first signaling is further used to determine the K1, and
the first information is further used to determine the first channel quality.

5. The method according to claim 1, wherein the K antenna port groups respectively
correspond to K reference signal groups; the K reference signal groups are respectively
transmitted through the K antenna port groups; the first wireless signal is composed of the K
reference signal groups; the antenna port group is composed of one antenna port, or, the antenna
port group is composed of a plurality of antenna ports; the antenna port corresponds to a
reference signal; the reference signal is transmitted through the antenna port; the reference signal
is a SS (Synchronization Signal) or a CSI-RS (Channel State Information Reference Signal) or a
DMRS of a PBCH (Physical Broadcast Channel).

6. A method for multi-antenna transmission in a base station, comprising:

transmitting a first signaling;

transmitting a first wireless signal; and

receiving first information;

wherein, K antenna port groups are used to transmit the first wireless signal; the first
signaling is used to determine the K antenna port groups transmitting the first wircless signal; the

K is a positive integer greater than 1; the K antenna port groups respectively correspond to K
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channel quality values; the K channel quality values are K non-negative real numbers; the K
channel quality values are Reference Signal Received Powers (RSRPs) or Signal to Interference
plus Noise Ratios (SINRs), K1 antenna port groups of the K antenna port groups correspond to
K1 channel quality values of the K channel quality values; the K1 is a positive integer less than
or equal to the K; a first proportional sequence corresponds to a ratio(ratios) among the K1
channel quality values, the first information is used to determine the K1 antenna port groups and
the first proportional sequence; the first signaling is used to determine a target threshold; the
target threshold is a non-negative real number; a first channel quality is a best channel quality
value among the K1 channel quality values; a second channel quality is a worse channel quality
value among the K1 channel quality values; a ratio between the second channel quality and the
first channel quality is greater than or equal to the target threshold; the first signaling is a RRC
(Radio Resource Control) signaling, the first information is transmitted in a CSI (Channel State
Information) report, the first information is carried by a PUSCH (Physical Uplink Shared
Channel) or a PUCCH (Physical Uplink Control Channel).

7. The method according to claim 6, wherein the K channel quality values are broadband
channel quality values; or the first proportional sequence comprises K1 positive real numbers
less than or equal to 1, and the first proportional sequence comprises at least one 1; or the first
propertional sequence comprises quantized values corresponding to K1 positive real numbers; or
the first proportional sequence is composed of K1 positive real numbers, and the K1 positive real
numbers are respectively ratios between the K1 channel quality values and the best channel
quality value of the K1 channel quality values; or the first proportional sequence comprises K1-1
positive real number(s), and the K1-1 positive real number(s) is(are) a ratio(ratios) between a
channel quality value(s) other than the best channel quality value among the K1 channel quality
values and the best channel quality value; or the first proportional sequence comprises quantized
values corresponding to K1-1 positive real number(s).
8. The method according to claim 6, wherein the first signaling is UE specific;

or, the unit of the target threshold is dB;

or, the first signaling implicitly indicates the target threshold;

or, the K antenna port groups correspond to K reference signal groups, the time domain
resources occupied by any two of the K reference signal groups are orthogonal, the analog

beamforming vectors corresponding to any two of the K reference signal groups cannot be
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considered to be the same, the K reference signal groups occupy K time windows, and the K

time windows are orthogonal in the time domain.

9. The method according to claim 8, wherein any two antenna ports in the K1 antenna port
groups are co-located or quasi-co-located (QCL), or any two antenna ports in the K1 antenna
port groups are on a same carrier; or the first signaling is further used to determine the K1, and

the first information is further used to determine the first channel quality.

10.  The method according to claim 6, wherein the K antenna port groups respectively
correspond to K reference signal groups; the K reference signal groups are respectively
transmitted through the K antenna port groups, the first wireless signal is composed of the K
reference signal groups; the antenna port group 1s composed of one antenna port, or, the antenna
port group i1s composed of a plurality of antenna ports; the antenna port corresponds to a
reference signal; the reference signal 1s transmitted through the antenna port; the reference signal
is a SS {Synchronization Signal) or a CSI-RS (Channel State Information Reference Signal) or a
DMRS of a PBCH (Physical Broadcast Channel).
11. A user equipment (UE) for multi-antenna transmission comprising:

a first receiver, receiving a first signaling;

a second receiver, receiving a first wireless signal; and

a third transmitter, transmitting first information;

wherein, K antenna port groups are used to transmit the first wireless signal; the first
signaling is used to determine the K antenna port groups transmitting the first wireless signal; the
K is a positive integer greater than 1; the K antenna port groups respectively correspond to K
channel quality values, the K channel quality values are K non-negative real numbers; the K
channel quality values are Reference Signal Received Powers (RSRPs) or Signal to Interference
plus Noise Ratios (SINRs), K1 antenna port groups of the K antenna port groups correspond to
K1 channel quality values of the K channel quality values; the K1 is a positive integer less than
or equal to the K; a first proportional sequence corresponds to a ratio(ratios) among the K1
channel quality values; the first information 1s used to determine the K1 antenna port groups and
the first proportional sequence; the first signaling is used to determine a target threshold; the
target threshold is a non-negative real number; a first channel quality 1s a best channel quality

value among the K1 channel quality values; a second channel quality 1s a worse channel quality
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value among the K1 channel quality values; a ratio between the second channel quality and the
first channel quality is greater than or equal to the target threshold; the first signaling is a RRC
(Radio Resource Control) signaling; the first information is transmitted in a CSI (Channel State
Information) report, the first information is carried by a PUSCH (Physical Uplink Shared
Channel) or a PUCCH (Physical Uplink Control Channel).

12.  The user equipment to claim 11, wherein the K channel quality values are broadband
channel quality values; or the first proportional sequence comprises K1 positive real numbers
less than or equal to 1, and the first proportional sequence comprises at least one 1; or the first
propertional sequence comprises quantized values corresponding to K1 positive real numbers; or
the first proportional sequence is composed of K1 positive real numbers, and the K1 positive real
numbers are respectively ratios between the K1 channel quality values and the best channel
quality value of the K1 channel quality values; or the first proportional sequence comprises K1-1
positive real number(s), and the K1-1 positive real number(s) is(are} a ratio(ratios} between a
channel quality value(s} other than the best channel quality value among the K1 channel quality
values and the best channel quality value; or the first proportional sequence comprises quantized
values corresponding to K1-1 positive real number(s).
13. The user equipment to claim 11, wherein the first signaling is UE specific;

or, the unit of the target threshold is dB;

or, the first signaling implicitly indicates the target threshold;

or, the K antenna port groups correspond to K reference signal groups, the time domain
resources occupied by any two of the K reference signal groups are orthogonal, the analog
beamforming vectors corresponding to any two of the K reference signal groups cannot be
considered to be the same, the K reference signal groups occupy K time windows, and the K

time windows are orthogonal in the time domain .

14.  The user equipment to claim 13, wherein any two antenna ports in the K1 antenna port
groups are co-located or quasi-co-located (QCL); or any two antenna ports in the K1 antenna
port groups are on a same carrier; or the first signaling is further used to determine the K1, and

the first information is further used to determine the first channel quality.

15.  The user equpment to claim 11, wheremn the K antenna port groups respectively
correspond to K reference signal groups; the K reference signal groups are respectively

transmitted through the K antenna port groups, the first wireless signal 1s composed of the K

5
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reference signal groups; the antenna port group is composed of one antenna port, or, the antenna
port group is composed of a plurality of antenna ports; the antenna port corresponds to a
reference signal, the reference signal is transmitted through the antenna port; the reference signal
is a S8 {Synchronization Signal) or a CSI-RS (Channel State Infermation Reference Signal) or a
DMRS of a PBCH (Physical Broadcast Channel).
16. A base station for multi-antenna transmission comprising;

a first transmitter, transmitting a first signaling;

a second transmitter, transmitting a first radio signal; and

a third receiver, receiving first information;

wherein, K antenna port groups are used to transmit the first wireless signal; the first
signaling is used to determine the K antenna port groups transmitting the first wireless signal; the
K is a positive integer greater than 1; the K antenna port groups respectively correspond to K
channel quality values, the K channel quality values are K non-negative real numbers; the K
channel quality values are Reference Signal Received Powers (RSRPs) or Signal to Interference
plus Noise Ratios (SINRs); K1 antenna port groups of the K antenna port groups correspond to
K1 channel quality values of the K channel quality values; the K1 1s a positive integer less than
or equal to the K; a first proportional sequence corresponds to a ratio{ratios) among the K1
channel quality values; the first information 1s used to determine the K1 antenna port groups and
the first proportional sequence; the first signaling is used to determine a target threshold, the
target threshold is a non-negative real number; a first channel quality is a best channel quality
value among the K1 channel quality values, a second channel quality is a worse channel quality
value among the K1 channel quality values; a ratio between the second channel quality and the
first channel quality is greater than or equal to the target threshold, the first signaling is a RRC
(Radio Resource Control) signaling; the first information is transmitted in a CSI (Channel State
Information) report; the first information is carried by a PUSCH (Physical Uplink Shared
Channel) or a PUCCH (Physical Uplink Control Channel).

17.  The base station to claim 16, wherein the K channel quality values are broadband channel
quality values; or the first proportional sequence comprises K1 positive real numbers less than or
equal to 1, and the first proportional sequence comprises at least one 1, or the first proportional
sequence comprises quantized values corresponding to K1 positive real numbers; or the first

proportional sequence is composed of K1 positive real numbers, and the K1 positive real
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numbers are respectively ratios between the K1 channel quality values and the best channel
quality value of the K1 channel quality values; or the first proportional sequence comprises K1-1
positive real number(s), and the K1-1 positive real number(s) is(are) a ratio(ratios) between a
channel quality value(s) other than the best channel quality value among the K1 channel quality
values and the best channel quality value; or the first proportional sequence comprises quantized
values corresponding to K1-1 positive real number(s).
18.  The base station to claim 16, wherein the first signaling is UE specific;

or, the unit of the target threshold is dB;

or, the first signaling implicitly indicates the target threshold;

or, the K antenna port groups correspond to K reference signal groups, the time domain
resources occupied by any two of the K reference signal groups are orthogonal, the analog
beamforming vectors corresponding to any two of the K reference signal groups cannot be
considered to be the same, the K reference signal groups occupy K time windows, and the K

time windows are orthogonal in the time domain.

19.  The base station to claim 18, wherein any two antenna ports in the K1 antenna port
groups are co-located or quasi-co-located (QCL), or any two antenna ports in the K1 antenna
port groups are on a same carrier; or the first signaling is further used to determine the K1, and

the first information is further used to determine the first channel quality.

20.  The base station to claim 16, wherein the K antenna port groups respectively correspond
to K reference signal groups; the K reference signal groups are respectively transmitted through
the K antenna port groups; the first wireless signal is composed of the K reference signal groups,
the antenna port group is composed of one antenna port, or, the antenna port group is composed
of a plurality of antenna ports; the antenna port corresponds to a reference signal; the reference
signal is transmitted through the antenna port; the reference signal is a SS (Synchronization
Signal) or a CSI-RS (Channel State Information Reference Signal) or a DMRS of a PBCH
(Physical Broadcast Channel}.
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Approved for usa through 01/31/2014. OME 0651-0032

U.S. Patent and Trademark Office, U.S. DEPARTMENT GF COMMERGE

Under tha Paperwork Reducton Act of 1895, no persons are requered to respond to a collection of information untess i displays a3 valid OB control number.

DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Method and Device for Multi-Antenna Transmission in UE and Base Station

I Invention

As the below named inventor, | hereby declare that:

This declaration ; . "
is directed ta- D The attached application, or

PCTICN2017/094209

United States application or PCT international application nimber

Juby 25, 2017

filed an

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this dedlaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of nat mora than five (5) years, or both.

WARNING:

Petitionerfapplicant is cautioned to aveid submitting personal information in documents filed in a patent application that may
1 contribute to identity theft. Persanal information such as social security numbers, bank sceount numbers, or credit card numbers
{other than a check or credit card authotization form PT(-2038 submitted far payment purposes) is never required by the USPTO
to support a petition or an application. If this type of persanal information is included in documents submitted to the USPTO,
petitioners/applicants shouid consider redacting such personal information from the documents before submitting them o the
USPTO. Pelitionerfapplicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 GFR 1.213(a} is made in the application) ot issuance of a
patent. Furthermare, the record from an abandoned application may also be availabte to the public if the application is
referenced in a published application or an issuad patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: XiaoBo ZHANG Date (Optional) : TW‘\ IZ" w;"'
Signature: )GM BO ZHMG

MNote: An application data sheet (PTO/AIAA 4 or equivslent), inciuding naming the entire inventive enlity, musi accompany this form.
Use an additional PTO/SB/AIADY torm for each additional irventor.

This collechon of Information is required by 35 U.S.C. 115 and 37 CFR 1,63, The Information 18 required to oblain of retain a benefi by the public which is ta file (and
by the USPTO fo process) an application. Corifidentiality s govened by 35 U542 122 and 37 CFR 1,91 and 1.12. This collection is estimated 15 take 1 minute o
complats, including gethering, praparing. and submiting the eompleted appiicalion form 1o the USPTO. Time will vary depending upun the individual case. Any
camments on the armount of fime you require to complete this form andior suggestions for reducing this burden, should be sent io the Chief information Officer, U.S.
Patent and Trademark Office. U.S. Department of Commerce, P.0O, Bax 1450, Alexandria, WA 223131450, DO MOT SEND FEES: OR COMPLETED FORMS TQ
THIS AGDRESS. SEND T(: Commissloner for Patents, P.O. Bex 1450, Alexandris, VA 22313-1450.

i you nesd ssgistance in tompleting the form, cal 1-800-FTO 9105 and selett aption 2,
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Privacy Act Statement

Tha Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent, Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
coltection of this information is 35 U.8.C. 2(b}{2); {2) furnishing of the information solicited is voluntary;
and (3) the principal puirpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested infarmation, the U.S, Patent.and Trademark Office may not be abie to
process andfor examine your submission, which may result in-termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routing uses:

1.

The infermation on this form will be treated confidentially to the extent allowed under the
Freedom of iInformation Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from
this system of recards may be disclosed to the Departmant of Justice to daterming whether
disclosure of these racords is reguired by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presanting evidence to a court, magisirate, or administrative ribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed. as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has reguested assistance from the Member with respest to the subject matter of the
record.

A record in this system of records may be disclosed, as a routing use, to a contractor of the
Agancy having need for the information in order 1o perform a contracl. Recipients of
information shall be required 1o comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 L1.5.C. 552a(m).

A record related to an Intermational Application filed under the Patent Cooperation Treaty in
this system of fecords may be disclosed, as a routine use, to the international Bureay of the
World Intellectual Properlfy Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to ancther federal
agency for purposes of National Security review (35 1J.5.C. 181} and for review pursuant to
the Atarmic Energy Act (42 US.C. 218(g)).

A record from this system of records may be disclosed, as a routine use, 1o the Administrator,
General Services, or hisfher designee, during an inspection of records conducied by GSA as
part of that agency’'s responsibility to recommend improvements in records managemertt
practices and programs, under authority of 44 U.5.C. 2804 and 2908. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant ( ie., GSA or Commerce] directive. Such disclosure shall not
be used to make determinations about individuals.

A recorg from this system of recerds may be disclosed, as a routine use, to the public after
either publication of the applicaticn pursuant to 35 U.8.C. 122(b) or issuance of a patent
pursuant to 35 UL.8.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an applicalion which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enfarcement agency, if the USPTO becomes aware of a violation or potential
vialation of law or regulation.
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ASSIGNMENT

THIS ASSIGNMENT is by {(1}XiaoBo ZHANG, a citizen of the People's Republic
of China (the "Assignor"). | Assignor(s) have invented one or more certain inventions {the

"Invention(s)"} described in a United States Patent Application entitled
Method and Device for Multi-Antenna Transmission in UE and Base Station

executed herewith (the "Application").

Shanghai Langbo Communication Technolegy Company_ Limited, a legal

entity existing under the laws of the People's Republic of China, having an address at

Room 210, 2nd Floor, No. 2088, Xietu Road, Xuhui District, Shanghai 200032 China

("Assignee"), desires to acquire the entire right, title and interest in and to the Invention(s)
and the Application, and in and to any patents (collectively, "Patents”) that may be granted
for the Invention(s) in the United States or in any foreign countries or regions,

For valuabie consideration, the receipt and sufficiency of which l/we acknowledge,
Ass-ignbr(s) hereby sells, assigns, and transfers to Assignee, its successors, legal
representatives and assigns, any and all of our right, title and interest in and to; the
Invention(s), the Application, and any Patents; any divisions, continuations, and
continuations-in-part of the Appiication and any other application claiming priority rights
from the Application; any reissues, reexaminations, or extensions of any and all Patents;
the right to file foreign applications directly in the name of Assignee; and the right to claim
priority rights deriving from the Application (collectively, the "Rights"), whether now
existing or hereafter arising. Assignor{s)} warrants that the Rights are unencumbered.
Assignor{s) also agrees to not sign any writing or do any act conflicting with this
assignment, and, without further compensation, sign all documents and do such additional
acts as Assignee deems necessary or desirable to: perfect Assignee's enjoyment of the
Rights; prepare and prosecute the Application or any other applications for Patents:
conduct proceedings regarding the Rights, including any litigation or interference
proceedings; or perfect or defend title to the Rights. Assignor(s) requests the
Commissioner of Patents to issue any Patent of the United States that may be issued on
the Invention(s) to Assignee.
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Inventor:

Xipobo ZHMG Date: Jun. |2 70!?

XiaoBo ZHANG
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