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Abstract: In order to solve the problems of insufficient indoor 5G signal coverage and difficulty in optimization of
high-rise buildings, the 5G beamforming weight optimization method based on particle swarm optimization (PSO)
algorithm was proposed. Decoupling and reducing the network dimension into multiple subnet slices by collecting the
data reported by the terminal, and the single cell weight database was planned and simulated to create the multi-cells
weights group and fitness function. Finally, the PSO algorithm was adopted to obtain the local optimal weight group
of the multi-cells. The test results show that the reference signal receiving power (RSRP) is improved by 8.7%, the
signal to interference plus noise ratio (SINR) is improved by 17.5%, the downlink throughput is promoted by 27.3%
together. The proposed method has the advantages of low cost, high efficiency and intelligence, and can significantly
improve the user perception in high-rise buildings.
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31

BENE 2023 FE7H

FRMR, EHCE A = Z @A 5, s
Wy SR I, Ke H AR DX S BT /N X R AL
EL BRI T B AE Ny SEE0 T B (HIARERABUE XS B
T3 W), ZAUE B35 s BRI &,
DAL, K BT A /N X BT 26 BRI TE B A it R
o IRIG, 43 nl RIS — i 5 2 gy (1) W L Joig 2 0
iR Ccall quality test, CQT) MR MIREHE, LLK

TR B 2 40 MR B SR AR S UBUE SR
Jeis 53 AR B2 AT O m) RO PP
21 IMERCE

S R EME 4 FoR, X @SS
209 m, 372, ®EAIEY2 SINEE, BAR
RISTAR S ERE TR, W6 R A SRR 5 75 5K,
DRI, W3 3 N A SEEG IRAE IR B . 12 1 km
TGHINA 5G S 17 A~ /BX 44 A, Bisih
3.5 GHz,

Hiwe N 100 MHz, ~FXuhE 408 50 m.

S, - , @
B4 Skl s
2.2 wﬁﬁﬁ
— M2 CQT ARany DAL T 50 B

P, sz%%ﬁﬁz FTVE T TR+
I 2 i 75 S U TR AN [ R 2 P ] e o B g s
R, &2 BIA—4HEdE, FARFE 10 min, &5
SRR ST R BUE I ZR AN T, 5
MR EAT S IFIHT 5 ROERXT L o 28 —FhR F 2 4y
M, REETYINITEEME 5G 2ol
MR EEfE 5, KA 240 (1K), TR TR
WENEIERGR, RIS, FCREME
KL MR dls,  HFEAT RIS AR .
22.1  HLSHERRE AT

NRERXS 44 AN RN EAT S, AR

FEMNARLL 011 MR (5 B . ZmTE 232 m)
FEXH B EAE, REBHEZEET . CQT mififir
TSR EERD, UE H5H—ARS N
[X 4932191-1 AR FANATIX 4932190-3. 4932192-2
155, WERKAERS NI, Z MR A
3 AR . SRR REEFIA LA AT 4 843 A,
TG REENIABFEA S 4 876 />, BT H20
FEAR JUBUD, FRATEFEA RUSBEEARF . JLAF,
FHECXTRRZH, ol i) ek fabrci E B 2, 1
RSRP #£7t 8.2 dB, “F¥3J SINR $£7+ 2.1 dB, “F¥F
T IR R AT 49.6 Mbit/s (25.8%); MEEKE,
HRER B PAR B HG as, FEEEIR
H, iR ERATIRAA 5, CQT AT
e A R L 5 s

T RSRPRY /0B 132 128 125 147153168
151 —o— SINR##25/dB Hngﬂll‘gﬂ”'z H 120

{8 W

54 {15
| I
A
43 39

Sk

]
W

5.5

f
=5t -1.7 —1 6 3.1 28 39 32

o2 14
10 s L

I 06 —17%-06 -
) -1 0.7

S %@%@@@w‘@@@&&@& B

WA N
(a) RSRPFISINRIYZE

12 27 2,170

100
_ 7778 528 667 es9
—‘(.A 80 F 682 75.5173.8 69.8
< Opeg 475 94
= Yot 319 323
19.8

ol s
® 0 il -

PR

20 L
@M«w\w&W&%@%@@m@%@
(b) FATREALHE R 45
5 CQT FHhnl a7 s s vt e

B2 CQT AR Tl BARBIRY E
Lo RSN bR, RWURVPE 4. SRS, W)
EAGH PRI TE, B A AR RS
o RIS, FERN IR LRZE AT IR,
TAEEK,

222 F&sENRE AT

N HE— BRI T T R AR A 5T (R AL



v R

32

FEAEZ /N XBUE P FIRCR, R 2 & im il
UL AT BRAE AN 70 BT o SR A BEAE X 28 3 ) MR
HHRE R, WML MREE (FBTETTTIR )y
0.2, 223l ik M 25 MRS A 6 i, iZIX
SN RIS SERE AR 5 NS T IYD R, IR
[RICAL T EAR TR DRI, AR SRE 2R 6
o B DX RO D) A St IR AT ORI

6 % Heil i M A e

ARG /N X G RRAR bR SR AT L LR 7,
% 2 AN A2 SR 0 2 R AR 3
A REA S 118 630 A, 15 KA I BOFEA 55
146 720 4>, FEA A 28 090 4> (23.7%),
VAR T 82 16 5% . A, TG FH5 RSRP
27+ T 8.5dB, “F#4 SINR #2717 1.8 dB, P F
ITRAERIRTE T 64.7 Mbit/s (27.3%), FATI
ill 4 At 77 %€ (modulation and coding scheme, MCS)
PFHT 3.3 (26.1%)

ASAE IR TR A SR AR 2 /N BB A )R
A, R AN AR T L an ] 7
R, FIBCRER AL SR LR, R PR S
f5, ~F¥) RSRP #4254 4.2dB, SINR H§#ily
0.6 dB, TATEFIEAFIET: T 19.1%. EHXHHFEBUE
MK B, ASCR/NXBUEREA 4.048%x107 4,
9 ANINX BUE LA BN 4.048%10° A4S, 8% 9 4
INX I SR AR A A, A WO A S T

% 26.5h, Mk FRACEERYER 2 3.6 h, 2K
AT 736.1%. IR, W ARBUE FLRIBORS 4,
A R TREAE AL, R B A B2 75 3 AR AU
HAEARES, RECKL TR BRSO T .

30
o R AL B 273 26.5
251 | H TREARAL B0
19.1 22.9)

20

15}

42

10F 8.5 0.6 8.2

spo43 /\1‘8 |_| 3.6

L1 12 g Il

RSRPH35/dB  SINR#Y:/dB JEAISET3R/EH 40k B fal/m
7 KT BERBCHER A FVE SRR L
2 2o WA AR AAE T BN BEUR
HEAT N LTI, RE&E EIR/NX N EM 5G 4
i) MR BHERIA . JE4RIET G 6 RS r
(key performance indicator, KPI) HIgcit4h 5, #t
ITHRARPEAS RO 04, EAR RIS B4R,
BAE TREN FH EEER, FFEmHE RIS,

3 HRiA

FEKT -2 300 % R T, ST 2 R A
R % I X 5 i 2 = A s B A B RA T 5R
WG A APPSR s, SEMKHERE
Ky WREEHAEUAL, HAARFBFREE =
Wo R, $2 RS R PR AL HIR N 5G B
RRUE T T75 o SRR F B AR T,
PAFZ N X BUEAL R IR AR AR, kIR R E %
RINXREAUE T Bfa, e CSI Al SSB IR
AN . AR T ORI A, BRI
FHEAWSCRE Y, FIAR R, SR, S
O R AR HAT VAR AL, 7R R R AUE

®7 SHETRR/DXRMREIERERIEL

ES FEA S A “F-#% RSRP/dBm 14 SINR/dB TATIEAE R /(Mbit-s ) AT MCS
ot B4 118 630 -98.1 10.3 237.1 12.6
FhE 146 720 —89.6 12.1 301.8 159

W2 28 090 8.5 1.8 64.7 3.3




« 33

BENE 2023 FE7H

AT A RS, W] LPRE v S
I, SRR BRI SRR IZ T 3 5G BORBUE
Perb, STt A B

SECRK:

[11 Briik:. kK& 5G Mot S&[I]. BERYE, 2016, 32(7):
1-10.

CHEN S Z. Analysis and suggestion of future 5G directions[J].
Telecommunications Science, 2016, 32(7): 1-10.

[2] #A%R, 30, KRBT, SO SG FRE AR E SR
BEFE[I]. 815243, 2019, 40(2): 1-10.

HU Z, YUAN H, ZHU X N, et al. Research on crowd flows
prediction model for 5G demand[J]. Journal on Communica-
tions, 2019, 40(2): 1-10.

[3] ZHAO A P, REN Z Y. Wideband MIMO antenna systems based
on coupled-loop antenna for 5G N77/N78/N79 applications in
mobile terminals[J]. IEEE Access, 2019(7): 93761-93771.

[4] 3kF, Wiz, i, 5G & T REEARVEAN]. @(F5H,
2016, 37(7): 15-29.

ZHANG P, TAO Y Z, ZHANG Z. Survey of several key tech-
nologies for 5G[J]. Journal on Communications, 2016, 37(7):
15-29.

[5] BRIEDL, BHwZE. 43Kk SG O S ahS AR HERE R [T]. HiEHREY,
2015, 31(5): 10-13.

CHEN X B, WEI K J. Global research and standardization
progress of 5G[J]. Telecommunications Science, 2015, 31(5):
10-13.

[6] Z=pddy, &S00, 45, 55 NR MIMO M5 ik J brut b ik
RE[I]. SR, 2022, 38(3): 84-92.

LIN X, ZHU J C, GUO J, et al. Evolution and standardization
progress for NR MIMO enhancement[J]. Telecommunications
Science, 2022, 38(3): 84-92.

[7] EHE. SGH= D& Wl M LTE ¥ B S8I8)]. BERE,
2019, 35(7): 17-26.

TONG H. 5G new radio design: why/how to extend/innovate
from LTE[J]. Telecommunications Science, 2019, 35(7): 17-26.

[8] MRiEAME, FNSCHE, FRakih, 55, 5G JEREERWIF R[], W
fER}E, 2018, 34(8): 34-45.

LIN H C, SUN W B, GUO J C, et al. Research progress of 5G
advanced technologies[J]. Telecommunications Science, 2018,
34(8): 34-45.

[91 ER#, BHlise, A, 5. 5G REHARSIRMELGRD].

HERE, 2017, 33(11): 112-122.
WANG Q Y, XIE P R, XIONG S K, et al. Key technology and
standardization progress for 5G[J]. Telecommunications
Science, 2017, 33(11): 112-122.

[10] 3GPP. Technical specification group radio access network;

study on new radio access technology; radio interface protocol

aspects: TR 38.804 V14.0.0[S]. 2017.
MAEE, SR, mRUE, 55 BT B TD-LTE W25 H4k
SAHT[I]. BURHF 4R, 2015, 38(9): 12-15.
LIN S M, GAO Z B, GAO F L, et al. TD-LTE network optimi-
zation analysis based on drive test[J]. Modern Electronics Tech-
nique, 2015, 38(9): 12-15.
[12] 248, BRI, BT BEMRE B 15 W 25 SR AL 7 BT 5 SRRk [T].
HLTHOR S8R TR, 2014(9): 76-77.
LIANG Y, CHEN H Z. Optimization analysis and practice of

mobile communication networks based on drive test[J]. Elec-

[11

—

tronic Technology & Software Engineering, 2014(9): 76-77.

[13] fars, 4=, &, &5, ZET MREH K LTE M4 5 AU A
W TTIERE ). B 8hiEAE, 2013, 37(12): 15-19.
HE K, QUAN T, ZHAO J, et al. Research on RF refned optimi-
zation method of LTE network based on MR[J]. Mobile Com-
munications, 2013, 37(12): 15-19.

[14] SR, BT MR ¥l M & M), o E ¥ s,
2014, 16(5): 47-48.
FAN D X. Wireless network optimization based on MR data[J].
China New Telecommunications, 2014, 16(5): 47-48.

[15] £%&. £ T LTE MR MBI MSILATIA[D]. L g
WK, 2016.
JIANG B. Research on mobile network optimization based on
LTE MR[D]. Shanghai: Shanghai Normal University, 2016.

[16] MR, 5K, SEHE. 5G IR I 1Bk A RLx SERE [T].
ALE R, 2020, 36(1): 58-65.
ZHOU J, QUAN X, MA J H. Challenge and strategy of 5G ra-
dio optimization[J]. Telecommunications Science, 2020, 36(1):
58-65.

[17

—

3GPP. Technical specification group radio access network; NR;
physical layer procedures for control (Release 16): TS 38.214
V16.4.0[S]. 2020.

[18] 3GPP. Technical specification group radio access network; NR;

=

radio resource control (RRC) protocol specification (Release
16): TS 38.331 V16.4.0[S]. 2020.

[19] Z=01, #I84E, EFHER, & 5G M4 SSB 1+X I A AR H
WEFE[I]. HABRE2E, 2022, 38(1): 150-158.
LI B, HU Y H, WANG X Y, et al. Research on SSB 1+X beam
technology of 5G network[J]. Telecommunications Science,
2022, 38(1): 150-158.

[20] S rRml. WORE SIELE RERUA AL P IR S B 72, VL75E
55,2021, 37(4): 59-64.
MA C X. Research on application of ant colony algorithm in
antenna weight optimization[J]. Jiangsu Communication, 2021,
37(4): 59-64.

[21] SRk, B, ﬂiﬁi - BhES OEL S S i D0 U S
R TSP ] L) Eﬁ& 2018, 39(10): 59-71.
MA X S, GONG S, ZHU J, et al. Ant colony algorithm of par-
tially optimal programming based on dynamic convex hull

guidance for solving TSP problem[J]. Journal on Communica-



iﬁ M5 5F%

34«

tions, 2018, 39(10): 59-71.

[22] SRAnU, EHAAE, B Z, S5 BUFSIEERE SHLE N1
R R 2R IR 7). THEHL T AR S R, 2020, 56(8):
10-19.

ZHANG S C, PU J X, SI Y N, et al. Survey on application of
ant colony algorithm in path planning of mobile robot[J]. Com-
puter Engineering and Applications, 2020, 56(8): 10-19.

[23] KENNEDY J, EBERHART R. Particle swarm optimiza-
tion[C]//Proceedings of ICNN’95 - International Conference on
Neural Networks. Piscataway: IEEE Press, 2002: 1942-1948.

[24] SHI Y, EBERHART R. A modified particle swarm optimiz-
er[C]//Proceedings of 1998 IEEE International Conference on
Evolutionary Computation Proceedings. IEEE World Congress

on Computational Intelligence (Cat. No.98TH8360). Piscataway:

IEEE Press, 2002: 69-73.

[25] CLERC M, KENNEDY J. The particle swarm - explosion,
stability, and convergence in a multidimensional complex
space[J]. IEEE Transactions on Evolutionary Computation,
2002, 6(1): 58-73.

[26] BRATTON D, KENNEDY J. Defining a standard for particle
swarm optimization[C]//Proceedings of 2007 IEEE Swarm In-
telligence Symposium. Piscataway: IEEE Press, 2007: 120-127.

[27] S, 2 Hbphi TR IR Rk Bol 507 D]. 2 =
MK, 2019.

MA B R. Improvement and research of multi-objective particle
swarm optimization algorithm[D]. Lanzhou: Lanzhou Universi-
ty, 2019.

[28] Hb/AH, 2B A, BAHEA, & BT kb TR 2 8

% NOMA I3 7y it W% [J]. HL T 2% 4K, 2020, 48(10):
2009-2016.
HAO S W, L1YJ,ZHAO S H, et al. Multicarrier NOMA power
allocation strategy based on I mproved particle swarm optimi-
zation algorithm[J]. Acta Electronica Sinica, 2020, 48(10):
2009-2016.

[29] KUMAR V, RANI R. Ant colony optimization versus particle
swarm optimization: a comparative study[J]. Journal of Ad-
vanced Research in Dynamical and Control Systems, 2017,
9(14): 1292-1302.

[30] YAN S, LIU Z, LI H, LU L. A hybrid algorithm for the qua-
dratic assignment problem based on particle swarm optimiza-
tion and ant colony optimization[J]. Journal of Intelligent Man-
ufacturing, 2018, 29(6): 1341-1350.

[31] ARIFIN A Z, HANDAYANI P W, HUSNI A. Particle swarm
optimization for the traveling salesman problem: a review[J].
Journal of Physics: Conference Series, 2020, 1546(1): 012071.

[32] ZE%. 5G LM & B REMEI L 07 7)) AR, 2020,
36(10): 109-119.

LI J. Intelligent planning and simulation of 5G wireless net-
work[J]. Telecommunications Science, 2020, 36(10): 109-119.

[33] %00, BEfh, EOUR, 5. 5G JLZRMZ Y BEb BRI R K&
SEHL[I]. B BhidfE, 2019, 43(6): 52-59.
MENG F L, XUE W, WANG K L, et al. Intelligent planning
system and implementation of 5G wireless networks[J]. Mobile
Communications, 2019, 43(6): 52-59.

[34] 3GPP. NR; physical layer procedures for data: TS 38.214[S].
2018.

[35] 3GPP. NR; user equipment (UE) radio transmission and recep-
tion; part 1: range 1 standalone (Release 17): TS 38.101-1 [S].
2021.

(HEZ ]

F@ER (1977- O, 5, WL REFEELAE,
o ] A5 A A PR WL 43 A W G 2R N 2%
HOFAT, EEBTRRE, EEMNETLN
SOHTBOR B i T 7 DL TG 2 I 4 [
K. R TAE,

F1EE (1971- ), B, PEAGEREFER
NEHHL 2 5 = R R GBI BIHTHED
BAH. RPN, EEMNEZBECR L
Bl TR A AR,

KR (1987- ), 5, TEHBERHBARLS
BT A 7l ek LA, FEMNHTLLEW
RGNtk 5G IR, otk i
RITAE.

FoiEl (1973- ) , B, PEBERGAR
AT A SR TR, FEPFR T
TR EH AR . 7= i AR T2 M 2% (1)
FUK Je TR A



	03-2023146-‰ú„.pdf

