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A measurement method for circularly polarized antenna
patterns based on 5G NR DMRS

ZHAO Lu, CAO Jin, TAN Zongying, LI Yongguo
(ZTE Corporation, Xi’an 710000, China)

Abstract: Aiming at the problems that single-tone excitation sources in antenna pattern testing

have difficulty in accurately evaluating the broadband performance of circularly polarized antennas
in non-terrestrial networks (NTN), as well as its low efficiency, a broadband excitation source
pattern measurement method based on the 5G new radio (NR) demodulation reference signals
(demodulation reference signal, DMRS) is proposed. By leveraging the orthogonality of DMRS
signals across different ports in the 5G NR service channel, optimal orthogonal DMRS reference
signals and excitation signals are designed, enabling high-precision measurement of amplitude and
phase across various antenna pointing angles. The antenna radiation pattern is then synthesized
with the orthogonal linearly polarized components. Experimental results demonstrate that the
proposed method is well-suited for evaluating the broadband performance of circularly polarized
antennas in NTN systems, while significantly improves the testing efficiency.
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reference signal; pattern measurement

Wors B H
E&mE:
BIEEE:
5t

2025-07-09
b2 B B K T B R TR PR (2022 YFB3404600)
W, cao. jin@zte. com. cn

iﬁﬁ Bk LIRSS, . —FP T 5G NR DMRS (9 [5 # fb K 28 77 1wl P il ik D7 vk 0 ], 16 2 1R /L K 2 231, 2025, 30(6) 1 40-48,
ZHAO L,CAO J,TAN Z Y,et al. A measurement method for circularly polarized antenna patterns based on 5G NR DMRS[]J].
Journal of Xi’an University of Posts and Telecommunications,2025,30(6) :40-48.



530 B 6

B 45— Fh T 5G NR DMRS B 18I f6 K 2k 7 1) B Ao 3y 32 « 41 -

Wi 3GPP Pp B iE X & A BF %k JE Hb i K 4%
(Non-Terrestrial Network, NTN) [ B EHE RS
PRAERLTE . 5G 745 1 (New Radio, NR)OHFHARE &4
W F R AE R G AR A T S R A
P 28 il 3 NS R R JE B B IR Rk T A%
28l 17 ) 265 114 B s IR A 5 S i g b X9 b e s
ER AR T S RN EEE . 5
b T Bl 38 £ 9 45 R W) NTN T 3 {5 0 4% 1 i
4 RS T L {5 B I R R R N B T AR A A Bk
. ERTH AR EE AR EME L NTN LR AR R
3 SR P B0 A Ak R AR AR A% 4 o B v m] A A
i) T 55 R 0 R I 3 51 R R AR Ak 2k I DT AR
B A2 5 PR T A 3 15 BT o

TE B EGEE ARG . KT ) B PPAL 40 5
RERY S H . A HEFE R BB AL I 5 8 P
I A3 I 58 2R AR AR T 11 A B SR . ek [12-14 1%t
BT IE AL LM AR EE S ARGL S BUHEAT TR ARESE , 56
UE T35 7 B AR A R 2 T ) JE 3t b 8 A R
I8 B8 A R £k T 1) P18 00 3 O B A T 7 A TR A2 Rl Ak
3t I B2 5 AR 215 B ARS B BRI, 7 3k Ao (B A Ak
RETT 1) 1 P U W5 B 155 T8 R R M 4%
O3 BT ASCR AR AN [R) A0 s O MR B S AR B T AR
BEAE NTN TR F RGN E 958 8 & =T
(3GPP R17 % X}y 5 MHz % 50 MHz) , i {5 it it
Xof R 2R ) MR 32— B L A A V7 Y- $H EE S5 4 AR A
o Y SR . AT A B 0 S Rl O s — T T L
AT S TE A A5 5 PR T K 2 i S B vk s L K 45
SR AT AE A ER PE 52 IR 55— O 1w ik R
U5 NG W 510N [ s U o (S S a4
Wb KL L %3 5G NR 584 45 5 1F 9 b
U5 A7 B R Al TR 32 1) it ) i ST 5 O ), R R
AR 5 AT — UM I B A 0 R A T A A B R
I ) B IR

PL 5G NR &7 {5 515 S s P8 i i 2 A 5 ]
3k ) A ) A BRI T AR A A R A I K
TR R 5 S 5 W2 % {5 5 AT XS,
PRAHAL I & ) v 1R S AR E M S E R S S UGS
5w B R TR A B R SR A NTN T B 3 £
REM G54, 5G NR S84 5 5l TR &
R W i DU o A I AN R R AT A T R,
5 2Z A0AE LS 3™ ks 0 B g ) 25 BRI OR R R
(SN ) 26 U7 5 2R 5 5 B WE 5 Z 6] |
T A [ B 5475 A 76 AN 0] 22 W 7 R A O 25 5 5
FOMALAE B ME LAMERR 42 B, STk [18-20 J45 H L 5G
NR H ) f# 1 2 % {5 5 (Demodulation Reference

Signal, DMRS) 3 % f] T 15 8 Al i1 5 40 1T 94, LA
T P 422 A o R 0 o T Pk &2 FH P B8 . DMIRS 3§
Z ity FBC . 45 o 7R I B A TR
T IR AR SR 5 e E B8 R A S A AT
PRUEDE I 22 18] (9 41 A DG M 5 R 4F 1 15 18 20 57 M
Hy T ix 46 DMRS i 1 e 528 [] 0 B 450 5% 5 . 9 H [
— RS A BT AE R X SRR AL R B RA
o — B . X O IR ACBIE AT 45 il O 22 T 1 I ) 22
A SR I B T B R S

FF iR DMRS i 1 (8] [& A 9 A0 — Bod: 3
NN/ 3w B NI E (o ol 3 BB
B T i DA% 2 5 30k 6 A 7 D0 SRS 82 T 1 ) BR A
Pt —FpEF 5G NR DMRS f) NTN [5] 4% K £&
J5 1w [ 3 7 2 F ] DMRS 9 0F 22 Ok — A
DMRS i HAE R 2 2% {5 5 o 8 3o 45033 {30 HE i £ 30
73— DMRS i F A8 % 5 B A AL A5 B . #F—2F
T AT PGS IE 3 G AR A B 04 I R S AR A A G B
SB[ AR Ak 14 e P . 2 S G B IE % ik L
R P A SE L O NTN DR (E R4
Hh B T R 2 M BRI T — B B i B R B AR

1 DEBERRHERZLNR

W% 5G NR i AR 7E T A8 15 3 b Hr f 1 A . oA
2 03 5 R A v A v L NN 8 A% 16 R R 1 O 1)
B 76 985 15 5 A F R kAT, EAfE REm
i 315 87T 3 Ao oy S ) A5 2 L (H A A A 2 ik
FEIAT 5G NR Hb [f 38 {5 FE 5l v w8 JC B i) ik ol
%, L, NTN 8 # kK 28 07 i G i 75 — Fh
TETEE 5 260 T B2 mok BE 5 e ] 5 1 0 A 2
R Ty L DL SR 5G NR DS R4+
1 18 R 5 P RE VA

Sy ik Rk TR R G O R B
ZHAE5 B SL PR S8 A AR 5 AN AL B
AR IS A UE. 7E 5G NR R4+ . DMRS A A
55l 5515 T8 S B A0 KGR AEE | R A OGP A R AL BE S
A AR WA AR R . B 3 DMRS (1 4 47
TSR E ML, A5 3 NTN [ #% 1k K 28 7 1)
03 e AR A A5 B ARG B A IBCHR Ik — b T AT HL AR
{05 25\ S
L1 EXEWUERBERLELRFEE

PSSR T 1) 14 R A% Ak i mT D G B 80 Ak 05
SCHRC23-25 M T A28 . RICAH Y IE = J7 il
TG4 A AR AL B E, WAL J5 19 8 1E « J7 1L E,
WAk Jr 10 M 1E v J5 1) s AR 4



H

PN

2025 4 11 H

42 . [
E.=E, ,cos(wt—BzF ¢ )x (D)
E,=E, cos(wt—PBzt¢)y (2)

X E B BB LI E. fE, B RIS
s s ALY E. FE, (0106 A0 B 2P EL

FE z=0 BF 20, 218 B ASHH A HARAL 25 9 47 B (E
R LS E, FE, RERG N

E=E,}E, (3)
IR 0 0 o S B S Bl I A 4300
E.= VE: .cos’ (wt+ ¢ ) +E; ,cos’ (wt+¢,) (1)
o E, .wcos(wt+g)
ozfarclem(Er’mcos(wz+sol ) ) (5

X E, J2& E BRIE o 2 E B3R HE S « Bk
e MO RGO AT LA . & BR =R E 1
i 55 e A AR B e ] A8 A 1L B A R R R
S F) B0 308 2 — A MR 9 AR T DR O PR A TR R AL

Be. FIEPIEN]—TF B ¢ — ¢ =90 E,. . ZE, s
A
E.=E, ,cos(wt+¢) (6)
E}‘Z—Ey_msin(a)tJrgal) 7
B2
E, \} E, \°
(E) +<E> =1 €

XA KA 2 0 E L A E, B A B
D7 R L T 1 R AT T A LA A B 2 AT A AR Y
AV 1620 A A 98

HEHIE, KHE,

BERR

B 1 BARK A R E R
0 I8 A0 A AT A P RIS RS DL 2 o0 = @ B
LI HL A e T 3 53 53

E,.=VE: , +E . cos(wt+¢) €D
aiarctan(%) (10)

A e JE E W S 08 5 o Bl Al 0t — AW %
WS MR ER Y Eh h &b, R, e —
o=t a B AN, Y E..=E,... H

901—902:i%ﬁ»%ﬁi%ﬁ%%ﬂ@ﬁﬂ%%ﬂ%ﬁlﬁ
GlbS)

E‘i .m +E§um :ﬁEl .m
a= tan(thrgpl )

(1D
(12)

K En Fon E W R/ANASBE R 8] 2246 E 1 3 1 AE
— [0 J b DA L o B8] A2 Ak L TR B A (8 A Al
S N R NS A G TR = DA R 1Y
A TR] 03 [ ) T 52 2 A T8 B 3 B

ZE AT e IR AR AL BG4 U 43 51k

1 . . .
ELHCP - *(xE‘,.e ke __]yEy(),Jk: ) ( 13)
V2
1 . . .
ERH(‘P == *(xE,,.e e —F]yEyeJk’ ) (14)
N

bR LR KPR AR R Sk 3145 7K OF- 3 1 3
% Ey MAHAL puo i En=VE, » e " ; I H ALK
kIR RN IR E, MG p. % Ev=VE, -
e A

E;yicp :%(XEH_ijV*) (15

ERHCp:J%(xEHﬁyEv) (16)

A H PHAEL PR 2 A A O £ mT AR B L AR AR T 1Y
52 A TR 2 A A AR A — B 1 R T R R R
JE IR AL L TR B — A KA 7 2 [ )
R — B L Lo, F 7R ar DLy 22 47 e (5 A
P77 1 [ A 2

I‘ar — ZOlg ‘ EI,HCP | + ‘ ERHCP ‘

‘ELIICP | - ‘ERII(‘P ‘

— B TR bl L, <<3 dB ik iz K& 2
[ 4% £k K %

1.2 5G NR DMRS g &5

SCHR[28-30 #4144 T 5G NR DMRS f94 i
DL K B IR WS . 5G NR L 5515 38 A S48 %8 70 2
13 DMRS, X7 W ECE A 1 F 2, 5346,5G NR
PR E v 1 2 B A &, B B 257 1 RN 2 () DMRS
N5y b 2 45 43 52 H (Code Division Multiple-
xing, CDM) 41, RIf £ 4~ DMRS K £k sty 11 38 53 ]
ARGy S T O N N AE — W BRI X
THCE R 1, e 2 3CHF 8 41> DMRS, B X i 1Y i 1
5o 1000~1007, X FRECE KM 2, 2 S FF 12 4
DMRS, fif % bz (4 35 F1 452k 1000~1011,

DMRS FF W Bl 2 il 5 1& Kl 55 15 18 Y i 14
oA IR A A IR T N R R R . 7R NR K
F T . DMRS 2 i £ i 1L 15 21 A6 18 DT A 2500 20
TR e B .

DMRS A LA — A~ | LT 2 X5 58 SO # 4
JF 50 A5 2 O BEHLEL () .

r(n)=

an



530 B 6

B 45— Fh T 5G NR DMRS B 18I f6 K 2k 7 1) B Ao 3y 32 43 -

1
JZ
XFF cGoA LT X
cn)=(x,(nt+N,)+x,(n+N,))(mod 2)(19)
1 (n+3D)=(x; (n+3)+2,(n)) (mod 2) (20)
x,(nt+3D)=C(r;(n+3)+tx,(n+2)+
2, (n+1)+x, (n))(mod 2) 21)
FA vy (B 2 (0)=1,2,(1)=0,n=1,2,
. 30 PEAT R IRAL P A 2, G 38 3T Co W1 HR AL . C
Al Rh i A F)

Ciio = (2" <N:£/‘1)'rt11\n_,\l.f+[+1 ) (ZNIZ;“’ +1)+

<1—2(-<2n>>+j%(1—25(2;#1)) (18)

2”GJ+2N§:9"»H@m)(mod 2y (22)

AH L — A BB IE 38 80 4r & (Orthogonal
Frequency Division Multiplexing, OFDM) £} 5 #Y
F5MA  B) DMRS FEB E 07 & 5 N, & — i
BN OFDM £F 5 %5 nl & — A Wi i Bt 5
N BRI

1) 24 5 i {7 36 8 2 T A7 42 1 /5 B (Downlink
Control Information, DCD 1_1 8{# DCI 1_2 i &
Al %515 18 . IF H DMRS TA7HACE {5 B RR I T
PRIRAT (Identifier. ID)O H1 ID1. Nt » Nip HUH V8 F
HF{0,1,-+,65535},

2) R i i DCT 1_0 8 Bl 55 15 38 . Ho i
DMRS A7 Hc 8 17 B I3 s t 1D0, Nip BUE i [ 24
{0,1,:+,65535},

BN = Nl s ndo A1 A9 B 50 0
T.H A Z CDM 4,

L A=Oora=2
1—nsens A=1
A=2 (24)
75 ]
néen = nsem (25)
A=0 (26)

TSR PR B T DCT 13 B b 5515 38 . A8 4
nsemn € {0,114l DCI 1_1 i) DMRS 7% ¥ 1h
15 Bk A 7n HA A AL

A8 HAE LAY 73 () o BT DK EL e 5 3
[A] /%) 9% J5 520 (Resource Element, RE) |, Bt & 24
A

ai’i" = peciwr (B Do, (D r2nt+kD) (21
_dnt2R A LEE A

= , (28)
6nt+k +A, BB 2

o ginséh 7 PDSCH () DMRS 2 4% il [l 15 &
7 DMRS feMidsk b i) 67 & 5 p 5 DMRS 1) K £ i

B 05k 1si= 1+ n=0.1, 35 Fha, (B
w, ()R R M E sk E W . 55 HE R
DMRS TESd b Al 58 5 43 Be 45 M 55 15 38 19 4 58
AATE . {H2 DMRS 78 8 947 8 50 45 15 38 1
BB ST Hr S ] \DMRS #5550 5 2506 6.

b 5515 38 1 B S AL % T DMRS 1 A7 X )
LR E (A DMRS Br7e B0 8 L B 5E . 8
A DMRS FATRLEF B T MR RKEYS
DCT 7 48 [a] 1 R £ 3 1115 2. » of LAFS i DMRS
FE—EBRN A S B . SRR KEMER 1,38
AT E DMRS 23 (5 8 — 555 10 2 A F 2 /i,
A 'E DMRS B EC: T DCI i R4 1 &84 . 1t
Hb DMRS e 8 75 A7 8008 45 18 0997 id A 15 R
T B DMRS 437 83X — 4% 5 R 48 7% 8 /1 (1) DMRS
fiE.,

45 {536 DMRS #2 41t 7 % Fp e B 3k 9% . il E
KA1 MECCE A 2, BEEM I BN
DMRS # & J7 0. o it Wb #k Fid & . DMRS #5 4 X
Iy A TASTE Sy B ] CDM /N, Wl 2 T K
LR L X B S RIS AR . fE
FeE 28R 1 b, 45 5 DMRS 0] 258 94 & K % A
CDM /N, 3t 4 45 R &k O 5 T 76 AUAF 5 DMRS
W, Al A E] 3 4 CDM /], 4t 6 2 R4k . 1
Pt B2 A 2 BRI Sy A, B AF 5 DMRS i
KIEAEA YN 3 4~ CDM /N4, BTt 6 25 R4 s
XWAF5 DMRS 7] D7 85 K 6 4~ CDM /b, 3t
A 12 £ R Lm0, MR ECCE 28 R AE B g4 K
COPHSHBEAT. £ 1 ME2HHHEET
I b i 2 DMRS 2 800 BUE DL 5 K 28 3 1
BN 5 2 L 16 1T DMRS e 8 {7 5 i 2% 1) 22 4%

RO N Z 5B AT
&1 BEXE 1M DMRSS#H
wy (k) wp (L)
Siig H 45 A A

k=0 E=1 I'=0 =1

1000 0 0 +1 +1 +1 +1
1001 0 0 +1 —1 +1 +1
1002 1 1 +1 +1 +1 +1
1003 1 1 +1 —1 +1 +1
1004 0 0 +1 +1 +1 —1
1005 0 0 +1 —1 +1 —1
1006 1 1 +1 +1 +1 —1
1007 1 1 +1 —1 +1 —1




. 44 - [ S )

K

oA

EE 2025 4 11 A

*2 EEZXE2H DMRS $H

w (k) w (1)

b AnRes A A

r=0 E=1 '=0 =1
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 —1 +1 +1
1002 1 2 +1 +1 +1 +1
1003 1 2 +1 —1 +1 +1
1004 2 4 +1 +1 +1 +1
1005 2 4 +1 —1 +1 +1
1006 0 0 +1 +1 +1 —1
1007 0 0 +1 —1 +1 —1
1008 1 2 +1 +1 +1 —1
1009 1 2 +1 —1 +1 —1
1010 2 4 +1 +1 +1 —1
1011 2 4 +1 —1 +1 —1

2 EHTF 5G NR DMRS fyilllizt 75 i%

e F 5G NR DMRS (1) NTN [5# # 46 K
205 1 AR Oy vk, i 2 B R, B 5G NR
DMRS (14 1 58V LA B B 4538 4 A R 0k L 8011 T — 41
5 AN DMRS i H 92 2% (55 A5 5 I i
PR#EFRG G — kM. Hh. 2HFSETES
07 A 5 EAATRE A, 76 AR A0 3k R e R AR A A
Lo B A o 2 TR R AR R O & A, B KR
7 1] BRI & 43 590 0 1 58 11 3 RN K OF 26 W Ak 4R Sk
Bl oyt 5 2% (55 A B G E AU A, 3E T A
I HE X N R B RO A B . e Z3E T S UM A
1E 28 LR Ak S 1 W B 5 A A £ U, S 0 [ A Ak R
287 1 1l 1 0 3K

= & 4 e
TERERERS ok i =
WoRfE S | R}-3-4-{ N
X 7 % 111002 eee [ =B
: % S [ MR
Bl | o TH
[#4a
[ sxps -
£ 4 111000 — LY

2 NTN E1R & K& 7 @ B i 7 %

2.1 HRiESHE

FIH 1.2 95 410 DMRS 2B i a8 . DA R 43
WO A RRE I — AL IE R RIS E 55 5
JiE S 5% (55U & DMRS 3 1 1000, i 3 il
{55 {428 DMRS 35 1002, ¥ 1 1000 Filg H
1002 ) DMRS FEAT b 43551 e S5 T4 [\] 1 RE, 43t
3 A ARG 0 1E 32 P B (5 5 A i R A S Y
S E A IR 3k AR R AR O BN TR R S 2 Y A AL AR

W 2 ) A A T A R R

LA 4 3 0 DMRS 55 4140, T2 4
AN [ 3 11 DMIRS {5 5 (18 330 50 70 A 0 8 Ry

Ui F 1000 HI A B H 0,2,4,6--

i 1 1001 S BN 0,2,4,60

Ui F 1002 B A B 1,3,5,7--

s 1 1003 S AL BN 1,3,5,7+

Fe T BIRS [F s T DMRS {5 5 5 450 38 43 A Ry
£, 8 3 Wit T & 5G NR DMRS % % (5 5 #il
s S, Hods 0 1000 M 1002 () DMRS
G T AR [E] P AL B ) 3 A L A ] A A0 ek 9 9
P b Sl 7 E A2 .

3 111000 DMRS [7] i 111002 DMRS [l

i #il

i I

i 5% I 3%
5

B3 5G NR DMRS # 6 1& S 85 4> 75 B

i1 F DMRS ¥ 1 1000 F13 1 1002 78 45 38 I
A R0 TE A Ve B 78 IR AR Ak K 26 0 ) BT 4t
b AR 0 S A Z A IS S Y R 2 R
50 dB, A5 HE A R il o 1] 4 FR B AE 67 0 o 25
R SREE. R AR FEESAES
Bl A WS 5 T 0 (B AR b R 2k 1l 1) 4
BT AR EOR CHE
2.2 HMESHLNE

AT FESLH T 5G NR DMRS il 15 5 A 2
B L B e A DMRS {55t Db BEHLIT 51 2E
JSC )RR A, S B (] 0B 2R R A5, T 45 G Wi 45 A 1
B, 153 DMRS {5 5 75 i 450 5% 5 10 057 B 59 A1

% S5 AR [R5 11 B9 DMRS 5 1F 28 43 15 e 1k
WA B 0,2,4, 6+ B AL I35 1000 Fl g H
1001 & WA~ HA A R R 77 X155 3 A $s
FEFETT A - 4n F2R B B 3% 1 1000/1001 %48
[ AH s 4n+2 F#% E RSO 1000/1001 BHEEAL .

L B3R HE A5 I 3 H1000/1001 DMRS
B AR o [F) B R A] A5 3 11 1002/1003 DMRS f) AH
L s Je 24 vty 141 TA] 14 R AL A5 S R BE HE B 25 IR, 1 Ah
P 3k R b A g () ) R A R, A AT DA ] B AR
s,
2.3 ERUXREFEEER

AT DU T T8 A% Ak 38 45 250k TR A TR A IE 58 4R i)
AU A RS 3 &l 4 BOR

ZHEES



530 B 6

B 45— FRETF 5G NR DMRS i 45 Al K4 7 1 P 0 0 ik - 45 -

/\ }

0.9
0.6
0.3
0.0 WIHAE,

-0.3
-0.6

09 -0.9
%%.6
70.30'0 _ 71,2
0.3 0 -1 2

12 AR Eck L — P

—— i FL LR ALK

B4 BERLEZELAFAERIEZ LMK AN
FERE ST 7 ) e R 2.1 2.2y
AR U 5 v 1 28 KO IR IR Sk 3R A3 7K 7
% E, AL pu . % En= VE, « e " ; Ji
HW AL KRG B E RN po. X
Ey=VE. « e, )i, i A4 e B AR A5 A

A A A A6 A B NTN B Ak K2 5 1] ] .

3 RBRERSHW

3.1 REHRERSE
AR LA o 81, i SE B NTN 5] A% b K 28
7 1) 1000 3 4 e 2 A 05 o HE IR, AN 5 TR

[EEH
Rl !""”' (...- L
C(\\ I\TNT\ %L!Hx
'I ~‘ 2 5 5%
EH )
AAARMAAAAAAAAAL

B 5 NTN EBE#REXELF EE N E GRS EEIER
DU PR B8 A0 466 5 % L R I NTN R 403 4
AR E R A M AR R, NTN T AL {5
WA S 0 &% & 0 1000 DMRS 12 % 5
SR fE T A G B A B AR Ty ) E
I3l e DR A AN R 5 [ IF L NTN 12 5 {5 3 45 i
o NTN K& 09 25 0 & 3 & 2% A o 10 1002
DMRS Wil 15 5 . % A5 5 & VR kAl K5 . [
FE A B i 26 ATRE A, A3 3 {0 >R B P A o
H {55 3047 6] 25 fig o, 42 B iR 2 S5 A AL 15 2L
T S B 5 1) ] g A B 0 ot . L g 0 s A5 R
wmr.
FBW1 FEAENKIE . K5 s 6 PR 5
A TR A R B A4S T NTN R 2k 3
G A 5

TYYYYYYY

T];2 PRI, ERENTRE
FEACHE I 2 % (5 5 — BRI 2 R 40 FE

B]|3I HHES kS, i NTN T E#EE
W& & B A S 11000 IS 1002 (9Z % (5 5 Al
W5

HB4 BERERAE K T 17,
FEWCHR K B8 K- W A T 1w o
It

WS R R R RUR AL RE . i i
B UK/ 3 B P 1 — 180° i 2L g f% %= +180°, 5K
W0 S5 & A BE O [R) 20 SR B 0 A3 A o 1 it 2 5
AR B .

F]6 WEE KM AL I 1,
PSR Sk 3 B Ry 1 BRG], o A
IR

PBT R A ., BRI
BR 5 RAE TR B AL N M0 B S AEALE S .

$],S AMEAMMRE T ME., £F 1171
Ty 15 A 16D, £ T R 4R 3 1Y PR A 1R 28 el
b 43t 1 i B 55 AR A5 B, TH RS B NTN B i) 1k
KL AT 5 45 Ty i 1A

[F w25 &5 F§ 5G NR DMRS 58 47 {5 5 1
NTN (8] 45 Ak K 26Ty ) B DR # . &l 6 s

[i) 4% 12 4t

e Ll e
177 17 1A

e Lt e
3 O 1

IR BT

151 FE 2 HE

B ARk

R A0 AL MG EOR |

SR i W AR 2|

|
|
| wmEgRLES A |
|
|

B R

i

B 6 NTN Bk XL E i iwE

3.2 MiKERSH

RT3 b B 6 [ AR Ak R 2L 1% R 4k 1 1R
W %5 R 22 dBiL Bl S L EE(E R 24 dBL Rl L
1.1 dB,

ffiH] 5G NR DMRS 9 47 5 = B 19 0 12 75
s 58 A A e B A% b T LI I S R
o I S D WA o S B N [ N 3 R s 1 2 g €S 7



+ 46 - [ )

PN

2025 4 11 H

FEAR — . IR LI AR Al X H B 8 BT
It L S0 0 PG B AR — B

S G R e T AR AL 5 F &5 R e I Ak

S ) & - B [ AR Al - - A== 0 A SR i R A

30

20 F

25/ dBi

30 20 10 0 10 20 30
TR T BE/ ()
B 7 BEHRERET 6 E R

5 0 45 - LESES Y

L/ dB
[=2)

30 20 0 o 0 20 30
J3 IR/ (%)
B8 [EMR R LML i X b
A Ty 1] 1] S I 25 SR G 5% 5 4 B D 22 % 1

k3 .
F3 FAEEXEEREITLE/IB
45 0 LA HAE I 2
T 21.77 22 —0. 23
il 1) S A% HE 23.15 24 —0.85
il 1.21 1.1 0.11

B35 3 Al A, SR 2T 5G NR DMRS 84 {5 5
S BRI 3 T DA 8 e [ 4 2 A S (L 2
 0.23 dB, 3¢ AR AL LA 25 24 0. 85 dB, Hill LY i 22
0.11 dB, &G R Ty 5 R 38 g5 30 25 —
R 0.5 dB, 28 U AL H i 25— 1.5 dB, Al B
MR 22— e 0.5 dB, Fr i 7 1 4% 1004 22 29718
FAEG 2 K J5 v IE B 6 F 5G NR DMRS g 47
T N P I i I S R A T

5T 5G NR DMRS {55 i 3 77 2 76 ] 42t 2o
e A T il SR AT O A R B — SO 5 0
Do -2 S SR AR Ge e, O 25 R s NTN
DR AE RS 1S TAESM T M7 m B

[ s ply ol FH 58 487 £ 5 03, — W 3l 5 A
TARSBE AT ZAZ AL G805 15 5 Wl I AR RE 22
W0 gt D 3 0 3 R R BT R LA AR A
B S 5 vk L % T R RE B T A T L LS M
W 28 GEAE TE 17 (55 WOl & (9 K 2 A R 1, B
RO e FAT H g B R AN

4 4Z5iE

BEX NTN TR {5 5 40 [ AR 1k K 4R 7E 9877
155 24 F B 1) BRI A, $ 8 T —Fh T 56
NR DMRS (% 587 BU 8 U5 ¥ . 1% J7 2 #I 1] DMRS
5 FE A [v ity 1 R) 4 OE S8 1 L BT T LA S e
LM S ZAF SN 5 A R T 580 (55
BT WA I 38 4 W Ak 43 o5 4 A A B XE DA ) 25 4K
T ) B, o A8 £ AR 2 1 2 % 5 5 (i 1 1000
DMRS) 53 i % 5 (4 11 1002 DMRS) # 17 F %
IR0 AL 0 Sk E O R RAR A, ST X NTN
WAk R 2R A8 AS [l 46 1] T 1) 2 KG B AL I o L I 25 &
i A5 8 AR 1E 58 AR AL A B2 3K 58 B 1 D
Ko SCIZE IR O R AR R B A s S
KT EA R Rt SR E, B E =TT
NTN 58 b K 28 77 1) B A K B 5 k0% . 1%
B E UK 5G NR DMRS {55 1 F F [ 4 b K 2607
] BRI v 28 T A% 58 3 1 50 8 155 Ul e DA o
BIEAl NTN 5 # Ak K 2k 58 4 MR8 1 B 1 o4 5G
NR i AR 7E TS AE R 409 09 ah A n; AR 48 T 3y
B SHAR I  TEARR MBI TAE b i — 25 45
B IR DG RGP AE N 21515 T
THELE 2 5 B Ry R 5w, o 5 B 50
AL R G AE BEAR 25 10 T Rk 5 n] Sk, vT ol
T AE SIS BB op 32 s 5] A £ 2R R K AR 48 B
e s, NI HEAT T 4 160 (1 30 E . Ry HLAE S B T
i H 118 17 R G T A LS A B 5 S R AR B

2 £ X #

(1] JH3RE, BRE A, 5G 3F it T P 4 5 AR E At 52 [T ]
M AR R, 2025, 51(3): 6-11.
ZHOU S Q, CHEN F T. Research on the process of
non-terrestrial networks for 5G[J]. Application of E-
lectronic Technique, 2025, 51(3): 6-11. (in Chinese)

[2] ZAMACOLA S M, RODRIGUEZ-OSORIO R M,
SALAS-NATERA M A. Joint satellite platform and
constellation sizing for instantaneous beam-hopping in
5G/6G Non-Terrestrial Networks[ J]. Computer Net-
works, 2025, 257 110942.



530 B 6

B L A5 . —Ffi T 5G NR DMRS 19 [ 4% £ K £ 77 1] 181 F) 038 07 1

o 47

[3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

WEI W, ZHENG Z X, WANG Y. et al. Random ac-
cess control and beam management scheme for the 5G
NR based beam hopping LEO satellite communication
systems [ J ]. Mobile
2023, 28(4) . 1531-1542.

XIAO Y M, HE L X, WEI X L. Dual-band dual-cir-

Networks and Applications,

cularly polarized shared-aperture phased array for S-/
C-band satellite communications [ J ]. Electronics,
2025, 14(2) . 387.

WIRE. [RI A KL 5 L P A Ak R 2 IR 330 S ) T 5 %
LI, ARmfEk. 2024(7) . 148-152.

HU X. Comparative report on FM transmission be-
tween circularly polarized antenna and linearly polar-
ized antennal J]. Southeast Communication, 2024(7) ;
148-152. (in Chinese)

g, E7%. RS0, 2. I T 2T U R A
KLV S RAELT ] 799 TR R~ 4. 2021, 35
(3): 54-59.

SHEN W, WANG S, ZHANG L J, et al. The design
and manufacture of a conformal conical spiral antenna
with four-arm for position measurement[ ] ]. Journal of
Xi” an Polytechnic University, 2021, 35(3); 54-59.
(in Chinese)

OO B B L, S ST T S (R B A K £
PEREEAR LT ] B AU IlE L R 2 4l CA R B R,
2024, 44(1) . 1-12.

LYUW]J, GUSS, YINY F, et al. Review on the
planar endfire circularly polarized antennas[J]. Journal
of Nanjing University of Posts and Telecommunica-
tions (Natural Science Edition), 2024, 44(1). 1-12.
(in Chinese)

F ik 5L, T U oI AR Al R R K HG AR R A A B 3 F
(D1 AR R, 2024:15-17.

JIANG H Y. Research on wide-beam circularly polar-
ized antennas and wide-angle scanning arrays [ D].
Chengdu: University of Electronic Science and Tech-
nology of China, 2024:15-17. (in Chinese)

O AR KA S — Tl I AR b R D K Y O O
[C1//2019 42 REHF 2w 3 Ch I . B8 .
L% 4:,2019.757-761.

YUAN L, JIANG L, LIU X, et al. A New Measuring
Method for Circular Polarization Antenna[ C]//Pro-
ceedings of the National Antenna Annual Meeting 2019
(Volume). Kunming: China Electronics Association,
2019: 757-761. (in Chinese)

FEid, BTT. TH, S —Fiop AL I8 B AR 1L R
LWt SEatl]. mr o TR, 2014, 22(19)
47-50.

WANG R T, ZHAO Y N, DING ], et al. Analysis

and design of a new kind of broadband circularly polar-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ized antennal J]. Electronic Design Engineering, 2014,
22(19): 47-50. (in Chinese)

TARM, Titat. DA S A K B 3w e] &
ML PR AL e R L], B4 TR, 2024, 54(9).
2101-2108.

WANG D Y, WANG H B. K-band low profile recon-
figurable linear-to-circular polarization converter for
satellite communication[ J]. Radio Engineering, 2024,
54(9): 2101-2108. (in Chinese)

TIEW, M, WRiE. F. ST o 0 Y R R 1
REM KT BB IELT] WX AR 24k, 2017, 31
(3): 266-270.

WANG DY, WANG M, XU N, et al. Corrections of
the test approach for circular polarization antenna
based on linear component amplitudes[ J]. Journal of
Test and Measurement Technology, 2017, 31 (3).
266-270. (in Chinese)

AT, AN, ImIMEE AT R AL R L A5 AN R
Wk oo [J]. EShm I & AR, 2014, 33
(9): 34-36, 41.

YU J, ZHAO J. Analyze the gain results of polarized
antenna with different method in anechoic chamber[]].
Foreign Electronic Measurement Technology. 2014,
33(9): 34-36, 41. (in Chinese)

AUMANN H M, TUTTLE K A. A rotating source
polarization measurement technique using two circular-
ly polarized antennas[ CJ]//AMTA 2016 Proceedings.
Austin: IEEE, 2016 1-4.

FHA, LW, EXWE, F. T E R AL aE
Jrik[I]. GEIRAE R, 2024, 31(4): 1-3,

PEI S K, JIANG F, WANG W Z, et al. Test method
for polarization performance of satellite antennal]].
Telecom World, 2024, 31(4): 1-3. (in Chinese)

X R, e AT R T AL S KRR FE AR WF5 [D.
Jent: JentHge s, 2024 13-18.

LIU J C. Research on high reliability wide beam satel-
lite communication antenna technology[ D]. Beijing:
Beijing University of Posts and Telecommunications,
2024 . 13-18. (in Chinese)

A AR B L A S KO B A Ak K 2 I =
TPkt [Cl/ /2015 4E 4 [ R 2k 4 25 i SCAE CR D).
ME P EEF¥4,2015:211-214.

SHI B H, XIE X J, QIU W, et al. Research on the
Darkroom Testing Method of K-band Circularly-polar-
ized Antenna[ C]//Proceedings of the National Anten-
na Annual Meeting 2015 (Volume 2). Nanchang. Chi-
na Electronics Association,2015:211-214. (in Chinese)
PAWASE C J, CHANG K. . Demodulation Reference
Signal (DM-RS) based channel estimation for non-ter-

restrial networks to support high mobility[J]. ICT Ex-



© 48 - [ A TR N 2025 4 11
press,2024,10(1) :46-52. &. USNC/URSI National Radio Science Meeting. Bos-

(190 wiges, A%, M. 5G FATE 5 M M 5k oot ton:IEEE, 2018; 1403-1404.

[J]. AR, 2023, 47(1): 145-148. [28] #=4. 5G NR FATY M2 M ARBFRID]. V5% .
LIU J Y. ZHOU Q S, HAN X. Research on demodu- P2 LT RHER S 2024 45-47.

lation algorithms for 5G downlink signals[J]. Audio LI B. Research on downlink physical layer detection
Engineering, 2023, 47(1): 145-148. (in Chinese) technology of 5G NR[D]. Xi’an: Xidian University,

[20] KONG D J, XIA X G, LIU P, et al. MMSE channel 2024 45-47. (in Chinese)
estimation for two-port demodulation reference signals [29] XIE X, CHEN W, XU Z G. A physical-layer water-
in new radio[ J ]. Science China Information Sciences, marking scheme based on 5G NR[J]. Electronics,
2021, 64(6): 169303. 2022, 11(19) . 3184.

[21] ER5. 5G-NR ¥ H F 17 258 RF5K 5 DSP [307 TOMIC I, DRAJIC D, IVANIS P, et al. Optimized
EAEID]. MEET . AR R, 2023 14-17. DM-RS configuration for improved 5G new radio net-
WANG H Y. Research on 5G-NR physical downlink work capacity and performance[ J]. Electronics, 2024,
shared channel technology and DSP efficient implemen- 13(11) . 2028.
tation[ D]. Nanjing: Southeast University, 2023 14- [31] ETSL 5G; NR; Physical channels and modulation
17. (in Chinese) (3GPP TS 38. 211 version 16. 10. 0 Release 16) [ EB/

[22] KHANM S A, RAO K, AMURU S, et al. Low PA- OL7. [2025-08-10]. https://www. etsi. org/deliver/
PR reference signal transceiver design for 3GPP 5G etsi_ts/138200_138299/138211 .

NR uplink[J]. EURASIP Journal on Wireless Com-
munications and Networking, 2020, 2020. 182. [E& "]

[23]

[24]

[25]

[26]

[27]

2Pl B BN SRR A — i B AR L {5 R R 3E AR Ak
FIREEEINR J7 15 [C//2023 48 4 R 4R 4 &8 04
CF). IR [ L7 2 22, 2023, 247-250.

LIB,GE Y H,LIF,et al. Method for Angle Correction
of Dual Polarization Illumination Antenna Test System
[C]// National Antenna Annual Meeting 2023 (Vol-
ume 2). Harbin: China Electronics Association, 2023
247-250. (in Chinese)

BIE, Fiwm, MMIRT . S5 BRI K 2 L g I
Jrkl)]. BRI TR, 2014, 22(7): 77-78.

LIW T, WEI G, ZHONG Z Y, et al. Method for
measuring the axial ratio of circular polarization anten-
nas[J]. Electronic Design Engineering, 2014, 22(7):
77-78. (in Chinese)

EMUEF. — i #5 50 TR ER B AR e R KPR (D],
P2 PO AR R, 2012 5-10.

WANG Q X. Research on 5G-NR physical downlink
shared channel technology and DSP efficient implemen-
tation[ D]. Xi’an: Xidian University, 2012: 5-10. (in
Chinese)

WOk, BB IR AL R R S B AL P
WA TELT ] P EICER, 2021(6) : 72-74.

SHANG F F, HU ] X. Method for measuring the
characteristic parameters and the phasecenter of the
circularly polarized antenna[J]. China Radio, 2021
(6): 72-74. (in Chinese)

SHANG J P, FAN C Y. Accurate method for measur-
ing the characteristic parameters and the phase center
of the circularly polarized antennas[C]//2018 IEEE

International Symposium on Antennas and Propagation

B C1976—), B, BRVE PE & A, Bt
R 3 TR R TR L R SIS Y 1 N
Jo4k i 5 B 45 . E-mail: zhao. lu@

zte, com. cn

Wk (1982—) , B IN R FB % N+,
RO TR . BB N 15 5G-
ANTN Fil 6G 268+ K. E-mail:

cao. jin(@zte. com. cn

% (1982, B3, B MR N A
b M TR R I, 32 RS D5 1
AGSG B EfE. LR BHEEASE.

E-mail: tan. zongying(@zte. com

ZE Kk [E (1985—), B, 1l P4 38 ik A,
S P 3 [ S s B L )
4G5G B el {5, T2 15 A %,

E-mail:li. yongguo@zte. com. cn

[EERE EFHE]



