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Abstract: Due to the high frequency of 5G signals, which leads to an extremely large computational scale when traditional algorithms
solve the channel path loss, it is necessary to seek a fast solution method for the 5G channel path loss in the substation in order to achieve
a fast adaptation of the channel to the signal receiver and to ensure the reception quality of the 5G signals. Aiming at the problem that
traditional algorithms are extremely computationally intensive when dealing with the parallel vector inverse surround coefficients, we
break through the traditional method of confirming the parallel vector inverse surround coefficients of the 5G channel tracing and
propose a method based on the singular value decomposition for the dimensionality reduction of the channel matrix to solve the problem.
Firstly, the ray tube model is used to divide the channel, and the incident angle information within the channel matrix is chunked through
the nodes to discard the duplicates and those that contribute very little to the channel path loss. Then, matrix dimensionality reduction is
achieved by singular value decomposition algorithm, and the dimensionality reduced channel matrix is substituted into the sum-vector
inverse wrap-around coefficient solution formula to achieve the fast solution of 5G channel path loss. Finally, a comparison of the
computational results of the proposed algorithm with those of the traditional algorithm is carried out by taking the 5G base station
antenna of AAUS270E as an example and using the computational results of the experimental measurement data as a benchmark. The
results show that the accuracy loss of the method proposed in the paper is only 1.31%, the compression of the data is 84.89, and the order
of magnitude of the computation is 10° lower than that of the traditional algorithm.

Key words: 5G channel path loss; parallel vector inverse winding coefficient; singular value decomposition; channel matrix; fast solution

EIEMARFERAL 5G 5 S HEERES, JERAH

0 5% S T S
B, SO SHEHAER AT ‘*ﬁ"ﬁ%%%%&ﬁﬁ”ﬁﬁ’liﬂﬂﬁﬁ, B 5G {5 BRI
Al Hil mﬁ i R B 2 s 2, T AR R 5G LT, SG BB, AT R

BEE&WH: EREMARAFSHEHEIH(52170021000X).
Project Supported by Science and Technology Project of the Headquarters of State Grid Corporation(5217L021000X).



G5 HEMERE, WHENRKER KRR &8R4
PRSI b A A 4T SO, B0 SR P B SR i 5 T 4%
PAFERS, AT 2R B T, SEOTHEEL KM
Tzt ik, RS E E RSP Y
5G (518 FIBIREL, RIS 5G FTEHFE KR
(P

B WISRE T 2645 5 15 T8 B AR 1 FE 10 5 v 02 SR H
236 AR, (AL 56 A R AR MERIE R BRI T4
S8 A% FLk ) S8 MINARIHE , 2560 A S8 T Hith
AR BN, R M T 22 1T S B 2 K il B
ik, SC81HEH T AR T RE AL JLATT B R i B AR A
o AR TT VR F (R R 23 A 2% 8 ok 450 R R
J7 ZE SRR R TE AR B, TRVERAE 5G 1518 BE A2 1A
XA AE Y, B SR AR AR SR
WHEH TR T LA - (geometrical optics, GO)Fl—
HPES A P2 (uniform theory of diffraction, UTD)H
BRI B o SR S AR A R Y, e 4t
RELT 5G P REGHE S REERT. (HH T EERE
2R BT, SR BENEERGERENS S
TSP AG T AT AR A MR, 3 Bl TR TR 2 1 HE DASK
fEl2, R, R S R B A X AR LS Y 5G S
TE B IFESR AR, D2 D> T8 L

FESEPR TAREr, HSCi@Es] 7R IT A Hs, 5G
A PR AR AAFE P SRR I ) B ST 131 FE Ik T
HERANTE AN =R FE B [ 5G G T8 RS FERT, F
F 5G {5562 @, High 56 [#5mn
SRR, SRR 2 o B3 7 AH A IR R AR
XPREREREAT P4, DL ek S 2B R RE o (HAR Ll
FHECEREIE S R TE AN S, 5G 55 5EE
AL B AR, F305G 3T HE 18 B A2 A A
MR TCVEA 20, 3G I E TE AR PR %, HEARCK
(I 0 2 A ), e AR 5G 1338 1 A P AR 48 2 1]
DRIL,  A5 R R B B 4 1) g VR AR HL st 5G (B TE
RAFEHATRAE, T HN RS, HHTE
TEREREE 7S, DAL FRARHERE Rk, AT S IR 2638 R
SRE R PR SR A o

N, ORGSR AGB BREIE R R B, fHEE
FIEEERE B, S5 HEN SGETAaR®
5 B ) B AR o AT R L, 9 N A R E R E
[16)(singular value decomposition, SVD)Xf 5G 12 i
RHREREAE, SCEL 7 AR 5G {E TE B AT FE R
HORME . ZEIEENFT EIE 500 kV AR LS R AE 5>
Hrep 330 7RIS, X e SR R B A —E iR

B X

1 5G 5B ATFELHLIAE EIE
1.1 AFEIER 5G (518 B2 EE

SEfR TAET, 5G HEuE R H 2389 T i ST
2 5G FEE R IEH TAER, 5 [ R 5T H A w40 e
BB WAS S O BRI S — B 2 e
P AT 4 R B, E A% I 3R TH B0 2 Ak R AR s St
MG G915 T lomn eI, RERAZ BN 5G
fFIE A 1.

E3
Bwin-0N

i i FS m%("’*’")/l\
H Biho

IR g

B1 A5G RERRE

Fig. 1 Schematic of 5G channel in substation

RS 2B, X 5G (FIEHEAT R 7 PT 15 30 40
Bl 1 R 145 5% PRI A 5 A PR 11 S5 AR 1 ol
T 55 0 4% R T BL S FE e (A BRRON S R, 45 A Ak
P B B A 44 7 1) 45 B0 B e R T V2 2 777 190 T BRGA J £
MRS, 1045 5 AR5 N A 24T AR 4 9 5 e 2
(o201 Sr 15 3] 77 IRt b T ARG 425 i AR b 5 N A
BR, WERFAALRERATT AR R MEGEH
DB B o 2 LTI LA A% 1 B 2% S, B4
IS BTREA,  E O A B R AR O LS 40
RO, W R 2 SO A B B R — 45 R, AR A
FHR T B R AR N, R AN,
FEASRERR S AR T 224 PRI 7 1 4 1 Scib
KRGS, K AEBR DG LS s TR K Keller BIHETT
ROV, e U HE |, SR AR el T AR R A T
R, NI 72 A e e

IR BRI R T A BRERIR, FIRAT HLLE
B EAE R R T )RR R S ARFE, B 5G (BIE M EKAT
FE.
1.2 (EGHT LB RS R R HL R

AT, A2 Bk A {5 T AR SR SR B 5 T R Bk
FE LB o BB Yok vl Y P LRI 5 )
NGHAE B CERE R AT A R SONE
TEHERE, A S TE R R S A Sei (1A 2
e, Ha MIFESHUS 2RSS RS SRR N




ARG, LARAE (S AR,
AR B R A A 2R

K E NESHEBOREZ P E 55 w
LG S EIE S E, N w FEERNTER
SRR 9, Ey NS E R aG5RS 7
s o NLAASE KBS S RSB | AR
MIEEES: m. n 4R SAEIE HIURST . SREHR
B Ry AR IS TG B 52 % 25 508 5 b Rt
5% S R B0 D AR A A 0 B o % 25 A
W § WRHMFERGH RE A () WZFAEELE s
ANEE SRS IRIRY R 75 e NIZAEIEE s
NG RS AL R v R s NS FIEE s+l
AN

RO, B E AW R FEE T R, A D (R A,
KA R BT AR AR AR Y AR (S R
BEf s S, (5B R RO e P th AR 2 (S TE AR N
SHAE B RBEIE . 9T — %518 0 RS 5
TEW AN G KBS G, WAELS ALY B Keller [B4E
T, A KBS AE R . XLET NG A
GRS SEOE ML IR N, TR R KR Y
.

Ah, HTRAGEENRES MRS, 22
A E DR E . BB A B R A AR
(01 SR AR TR /N, o B HEAT S BRI R AR A RE
SRARIISERR B A K o A5 GE R AR AR RS B FE N 1
TUAE BTN s BT TRz H, S H
TREMIFETE, BTk,

AL, ARGt B BRSO S B, 7T XRE
BOMBUMSTE R NG AE BT T A6 5
B, SEUSHEREMERMPEE R, SIANTABERTE

=

Ho
1.3 SO SHEIB BRI B AR R B B

HRAE 1.2 TR, SR AME Gei 2B R 5%
BRI OCHE, E BRIk, RENEIE T (5 E AR
WITRETTARE R, FAREEHERE SRR R, F D;
MITH SR, Mo SR A5 T8 B AR B K T 5

XHETE AP R AEE R R R TUR A BT ST, %
s b O 5 3 R P A 0 A D LT A T A i
FINI A A5 RREAT I 7 o T 7 22 W A 2% R A Y

BE B0 A 0] M5 T8 B AR URE I R RS, R 215
T A A7 T 4 0 B AR . KB IURAS BINTE
15, SUEEIERFEYERE SRR, SRR SUE
KR R B A 2 SR R, LI AR AR B R 2 S5
. BTk, SHEEMH TR, 15 R R
TaRES RO SR, [2K . AR REE
RO LA R 25 SR R R 2, 2 SRR R R D L A
FASENT AT SR KN, 38 I R R R R s 75 9 57
& FEANE &5, N7 RAEE 75 5 A R S
JESKH A R T A AR, R A A A Ve S
J5 PG P T O 2R

EAR BRI 15 B K 75 S AE X A AR R O 3 T LR
B, M. a5 R AR AT R, Bl
JE AT A R R A AR R I 4R AN B, vk
T D B 4 5 AR T AR R, R oV R IR TR AR 1 (5 i
AN AEE. B, REFETFHLESL A5
S AR AT A, 1S AN S A A AR
RO (1 4k FE AR ELE NG, T H B 4 J 1A (5 0 A R . 5%
T b, i GO fl UTD B REUCRMETT 5, 456 4
JE RIS IEAERE, X &5 AR LS S AL R, A1 Dy it AT
AR A o

fiEue T BIA i, R AT BRI AL G 4RIE i Sk
(T, AT S B0 3t S 288 1 B B2 7 A% r i Y
5G FIE A TFENGESRE T MR . R FIETE
IFFTAN [ A% Ha 3l P P48 B el A5 38 R AR ARURE IR, R —
VRN R AR 5G ASHnh, HTHE 1.1
TR SO TE B AR AT R ABE, MO NT B (A5 I A
B o ) ) 3 e e o 2 B 6o {5 T R e v e T R
BUNHIFEERAIUARE BT, $EH R gk
FE, AIHES EATREAR SN 5G (58 B A I Pk
KA
2 5G REMRARFERIETE
2.1 ZBHLYE 5G EIEEMERE

RIS S, 8 E AR — &G a7 50
ENAT A MRS58 . (B 5G (558 T a5 5
HILE IS, (% EE LR 5G E 57k
T rh 4R S A R R E Y BORAR A k. ik,
SHeRIB B AIRIE R 2 & G EE A R R &N
SRR R RS I, WA HE TS TE X Sl R T
I 7

T 5G {5 5B AT SRR B 8 F G L5 A
SNONFRARBRTE . IO IR RE, P IE
MR S AR 2% 5 A 43 R R R T DN s 8 AN
TR AT SRR i 2 FR, AR ek R



ANERTTFIEEAT R 73, P IT FRE A% FB A e A5 AE )
TG o B H 2 ARG ARAE R — DMEIR S 2V
W, FRESRK AR — NFE—RERE, JFHEZ
FALIRIRAE N — K B Pltt, JERRI 4 B E
{EIE B S AG TE SR ARG L

N A
4 5

\

10
BB AR

B2 SREEAKNREE
Fig.2 Schematic division of the ray tube model
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Fig.3 Range of contact between radiation tubes and metal

equipment

FEMCEER b, RAEET GO MO E, 456 7%
L JEUERT ' R SR B (R 425 Ak ¥ L )3 5 R A T
133445 s ARRIP, R R R 9 REEE, 153
g A NS R R BRI S
i, BHAAE w FAEIE, BREERE m ISR n
KRG WHAEAE mtn NS5 R, SR RSB RE H W]
RRN

71 Y p1
H = : (2)

px(m+n)

}/l(m+n) ’ ?/p(ern)

KQ)H s T AAAEGET B1E O, 1500 B 4 B2 3
ﬁﬁp>wo
2.2 EREREAERVERIEE
R4 1.2 Tl 5, FEEEMEE R 5G 15
SHRRGH AN EESE, 245G 5 5HESHEME
BN 285 AL R A B BRI, ARBE GO Fil UTD
BS503R R E R R,
{HAZ I RN B 25 3 TR M G T IR IR Ge 4T 23K
= AERE TR, R ED, Ak, SHEBEE
FVER SR IEARR R, 15 B2 AN R T H R I G50t
EX I ia A W
(R0
L0 R,

(D, 0
“lo D,
ENELE

R - COSy —+J&—sin’ ¥

1 )
cosy ++/&—sin’ y
£COSy —+/e—sin’ y

R, = )
£COSy ++/&—sin’ y

| 1 1
=— +
V2zk | n=|p -0 7+|p -0,

KB)-G)F: RIAIELZWMATT K 7% R,
FIKPRARTT 18 £ Bt 2R 880 De N IESE AL T 7] 1 H,
WG REL: D KA TT R G AL S50 5
s De, w H—BES 25 72 R, y N 5G
(G5 RETPING ¢ ARG RS
ZH, o ANSTEE NG AMUSE A, 02 AR
S5 NP AR A, RIS A =
loroa s Kk BH

BRI, R, A DX 5 5G 15 5 NG y A5 9%
A A BETTIEAEE X BN NS A AT, HEAE R
ZMNFAFGE S Z RN R R RBCYHE 455
H I SIS 2 A AH B SR A5 B EE I, 7okoK
BEiFHEE. o — g S E RGBT EE I E R
AR, DR b w2 R0 g B R B RN S 5 485 R
XN KR, ERZREE, IR TESE.

=|

3)

S|

“)

®)

e,m



1M 5G {55 NG TEERMEN, Fit,
QP AR, AITESRMES S R, 50 DI, X
EIEFE M HEAT 70 BRAC BRAT 2 706 R, R [R—4h 4
FRAG Sk 2 2R — R R

gt sest _
1 Ye1 o Ya Vw1
H — ylf cee yefl cen yefl cee wa
_Q’l(m+n ) ye(m+n) ye(m+n) yw(m+n)_
(a) AFEMEBEARNERSRREE
T b
H, o H, o H,,
H = Hlf . Hef wa
_Hl(m+n) He(m+n) Hw(m+n) i

(b) FEFESHENTREERRE
B 4 FEEMRETREE
Fig.4 Schematic diagram of channel matrix chunking

it e anlEl 4 Fron, 245G {55 R BRI,
THEFE S — DA AITER, PR E A
R(A)RAE Ry 024 5G A5 5SS e S ARIEEE £ ANGE A
ARG, HEIR I 4b) RIS E S
THREBONAT R, AT RN TR,
XL HE G HTURTE BRI MR 4ERE, SBCT AR
TEBEERAA(G).

BeAh, X T REE RS9 ETE M 45 BT 4. (5)
TSR T SRS I SR B 5 R AN K, 7T 5 F8 I
DI ISEE Ry R Dy (L, DR B

T FED RS VDI NS T b — A&
T TBG BE AN 2 08 A R rh bR P2 AR EUR
AEFERRLE R . 5 S ALY, F5RA
HIREERBRR, &7 R EROR A RE A, DRI AT BRI A X 53
HY B A5 T RE BN THEEL A R TRk, A 2> R
MERAE R . Beoh, MET HADE R R4 E, &R
1843 gt T PR A R ™, 53 PR T et 22 o
i A5G A58 AR R — SRARXTAR 5 B (P ) . 2%
IR, W] RER A (B 0 AR X T R AT B
Yt
2.3 SVD HiXRMEE BB AR

R B FAE A R I s W TASERERE Hpninys
DMRIFAEIEACAERE U A1 Vi 2 R oIk &
H=UzV" (6)
ENOLY

g O 5 ca (01,0500, ), rank (Z)=d
= = 7 =
0 0 5 1ag\o0,,0,,...,0, ),ran

o, k=12,...,d
v =
o lok=d+1,d+2,...m+n
npy {O'kv,f,kzlﬂ ..... d

u, =
0,k=d+1,d+2,....m+n

(7

K(6)~(NH: Uy, FAEEFERE I A BT 7 W) R FE R
we N U BRIV Ve 915 TE R A 5T 57 1)
BN, v VEISINE; 2 NEREN AR o
HNEBER T T, 2 01200>...20,>0; d NETR#E
XTFERERIRE: HONFHERERILSE: T MR E .

MR & S AE MBS AT 50, 445 BB M REE
TR, %45 SR R, R A s
fRE R TTmER R . (7, A SEX AR %5 1E
PRATZE MU A R AB VR A e HE A, 45 Ak R A SR
B KRS HE S W& FE . I OREE o —A
A3 S AE R AT RAEZ 45 rU NS A S B R S AR T 3 1)
LR, TR RN TURAE B ST

LRI BAAE 7 T EENTIRELR, — &
FREE F BRI 7 UL (I IR A e KR N R EE
T RI A R AA, X LEEF R LN S 5 ST
R DTN, XTI R E SCA K. B,
AT 3R— P77 LAYE 7 DTER A NN RS S, DAdE
— P PR T SR AR

FEREFE A AT, A — Pl i A ORI i T
0 A RMAERITE. ETEEAWE— M EAR IR
5 R B AR A6 ) rh TR R, o m ) R R 1) S
EIHEATHET , BBRINKBVNHEFI AR Bk E
W B /N B 1F B AR B B AN FE R 5
URHFER] Frobenius YU bW ; S HEREET 1
(%) F TR B A A SRk PR B o

Hrr, SKf# Frobenius Jui it #2482 4%, nl A
F BN F 5 R IR A AN AR 1) i B3R A T SR A

p_m+n 2 d
o, -1t - (S5 St

i=l j=1

(@) H: |H|le N EHEER Frobenius Ju%k, yy
JEEFERE N & NS IR ||\ 2lr A X M
i Frobenius yG%1 .



A BOVRFE R 5 rh [B]FE RS [ Frobenius YE £ 5% &

N
Ll
v(d)= 3 E__ h=min{p,m+n
= s ©
v(d)=¢

RO || HY|e N BRI Frobenius 541
hONJEIRAS R CNTERIET 1| BIBIE.

2 TS AR AL B 5 2, o AN R A
HRHRIBATER, E X 4 TU A4S BAE 23 B
5 B T BRI T (120.05%), 25 /1T 15t Rl
Ut B CE S B LBk, TEUCYE RN B U RS B
ST, KT HEE A TS B R 1k, F
I A2 3R (9) P TS 5 5 2R A 5 R B B M £ 3 R
BRI, TR T RO 4 10 75 A AT
75, MEEF T X RS ST BN S N S8 15
=]

JiCho

W BRI A SR R R D fe e, SIRA A
A S ) R R A FE N IUC , W0 R5 B0 e A ) B AR R gk
ATHEM . T R REA R R AR AT A vk
it SOATA R DT R B SRR, 153
A R S S TEERE Z KR RN

E"'=H-E*
& e A\ 10
th =Z(”t E /O-i)vi (10
RA0)H: E ABICH RS 7R SR ET N
NSRRI FAERE s s N S EHERE H 5115 & 1)
e I
DU, ] ) 25 A 20 R 0 10 SR 45 3 e 4 )5
WIS IERERE . FR4E IS S B RE TR T L& (S
B, R B 5 SR I R A AL A AN N A T
%, WHERARG)KM D FN, BT T
BRI R TR B NS S B A T R,
M D R, FR LS 4 i 7 R ] 15 2
BERHIER, BEREE) 5G SRR,
24 REHEENITHEEST
AUt B EE T SVD HE AR FE kP 5G 15 8 B A2 0
FERPLECR AR, nR BRI E46th . (R E R E
AR R ZVE NS S & & CRIEEg L AR T

K
AS _ _data 1 1
Zdata ( )

KADH: Ae NEIEEAE s Koaa NFEETAEGGT
RERER EIEAS T PR R NAE s paa NEET
SVD Hik B 2 (1A 38 5 B o5 FH PR PO A7 25 1]

BT E T8 A PR & R AR R T FR B, AR Bt
BB, WOZ B AT R FXORS BV e sk,
8 bit TN AFZS A H 2.1 AT AT A, B4 sk
LRTAEAE, [SIEHEFEN px(min)dE, KL, JETF4E
S S NI = (= U T 7 il E| 5
8p(m+n) bytes. 4KHL SVD Sk b 18 4T B 4E,
T TUAAR B AR A3 DTk BN E B2 AN ¢
AN NG G BT, T S B M5 TE B T
B, DUES 5 RS I 87 bytes. ik, B K 45
e 8p(m+n)/8t

MIHE SRR, 46 NQ@)FEMEN H 7]
DA AR 7~ A 2 B STABLHE B Uy~ B SRR A
oo A BT A PEFE B D V0 IO 3R IXFEJR AT
AN O(mtn)xp), Lit3T SVD 4E [ 4E 5
EZETHEE AR O(mntpti)xt). BT ¢ FIEZE
NFme n Bl p BME, RILE & ERENTEE
SIHTRI AR SVD Sk nl G 8o b it R I

W 35 4% G 5 2 PR B SV TS (115 18 IR AR 10 FE
5 SVD VERERIEE AR, FEIE AN
R FFRE FER R AS.

3 AR EIE 500 kV A HLY 5G [SIEBAHE
SZIG UG IE

3.1 SRR KB IEB AR THE

N T UL S S R IB R RIS T AR 5G
FIE B AR RER AT A& T2 oK o A ST B SCHR[3]
JITIR (AL G5t 4R8BS, AR ST ek S 2R B iR 5
TR S0 S B 3R 47 X6} B BGAIE o SR FH 5 SCHR[3 140 ]
(141 B 7 AT T AR S N 5G 518 R AR TR FE R ST
GyARs2nt . AEIETRE 500 KV AR HLG 4 3 A I
(177 AN A S 3 5t A7 I R SR T A I R AR
ke LI AT B LA 5, 5G K2R B I - PR T,
FEHLTH 10 m, PEASHLMEEAE XIS 15 m. 5G K&k
B5 8 AAUS270E, RE&MES KFIHEN 15 W,
TAEMIR N 2.5 GHz, MR N 3075X-R FiHEAY,
EST3117 # K2k



Fig.5 Antenna location and receiving equipment
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Table 2 Loss of solution accuracy for the comparison results

of the two algorithms

i gt kiB iRy BURFRIBERNE  RRRE
45 R/dB 45 /4B AS/dB
1 67.34 68.28 0.94
2 73.63 74.84 1.21
3 73.45 74.05 0.60
4 76.35 76.98 0.63
5 74.49 75.69 1.20
6 78.37 80.12 1.75
7 90.83 91.02 0.19
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Fig.8 Comparison of the two algorithms at two
measurement points
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Table 3 Comparison of the effectiveness of the two

algorithms in solving
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