Hans Journal of Wireless Communications &£ (g, 2021, 11(3), 94-101 Hans X
Published Online June 2021 in Hans. http://www.hanspub.org/journal/hjwc
https://doi.org/10.12677/hjwc.2021.113011

SGIEMEEuh TIEFrit R H iR ST el T 52

XU, KRKR, AHF

B DA AL ST 7E e, b5
Email: wushaoxu@briug.cn, zhangxiaodong@briug.cn, beixinyu_0211011@163.com

Weks . 20214F5 280 M EM: 20214F6 140 KA HI: 20214F628H

H E

FCEE 54GEGEMEN L, FHENMETAGHSGERRAZ MK EZMCMENESR, HMFT56ER
F 5 TR TR B RAESHME R, BERBIESGREEY:, SR 7%k apiiEn
B, B& TEARFZMG T SGEEREN BHBN RN UMNE. h RS RE Y, 54GEBEEE TR,
SGEFEM N RMIBENENMEZN LAFHEER, HRIASHER(ERE: S6EMTHERK. 5644k
KIALE . 5GE&UREIPIES) K MITTRES) . ST Foxt T 5GIBfE 2 u R AT A S MBI TARRHE T Ei 38,
FHHE) TSGR T SRR T,

XA

S5GRZ, BIFHEY, BB

Research on Characteristics and
Electro-Magnetic Radiation of 5G
Communication Base Station

Shaoxu Wu, Xiaodong Zhang, Xinyu Bei

Beijing Research Institute of Uranium Geology, Beijing
Email: wushaoxu@briug.cn, zhangxiaodong@briug.cn, beixinyu_0211011@163.com

Received: May 28", 2021; accepted: Jun. 14", 2021; published: Jun. 28", 2021

Abstract

Compared with 4G communication base station, the main similarities and differences between 4G
and 5G systems are introduced, and the influence of those characteristics of 5G communication
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base stations on the measurement of the maximum electromagnetic radiation is analyzed. Finally,
the electromagnetic radiation of 5G communication base station is measured on the spot, and the
change law of electromagnetic radiation environment of 5G communication base stations under
different conditions is summarized. Detection results show that the electromagnetic radiation dis-
tribution of 5G communication base station is different from that of 4G communication base sta-
tion in space, and it is affected by many factors, including 5G base station working mode, 5G ter-
minal location, 5G terminal network speed, etc. This study provides theoretical help for the radia-
tion environment monitoring of 5G communication base station, and promotes the location and
construction of 5G base station.
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1. 5|15

BB AT SRR R S, AT TR sl TR 2% 1 ZE RO sy, D, 28 A 3)
HAE B GG AR TAT AT 5G HAE LA T — T ZIEE ML, R LA K 28 2
et DT 4G IR R ZRRIE RN TR TR AERLRE 1, TR Z BER] [2].

LT 4G $AR, 5G BAR EEIFANRF iz — T 7R IESHR, d i 15 s 1
NG, A T XA, R B IR S, TR RARIA N 5G HEuEE Z . BRI
s HO HURAR ST B L, X 8 5G M Bl I £ 2k 3k 758 1 W adt Bk PR PR 1R 3] i HL, 5G AR AR
2T R AR 2 i N 22 fin Y (MIMIO) R 28 TR 425 B9 R 2 0 R R S R BREBOR XA A5 AR SR AR
Fr PR EME T B E P B i 2R AR, IXANRR R E T 5G Skl AL RERR S BT TS AR S A
AAEARX 5 -

HAT, ENITAG 7K 5G Il {5 2wt (0 #A], TCT 5G JEA5 AL uk i) AR ST FUIR b 4120
JEBTBL, A% SR F AR S I BORANRE SE 4@ T 5G il {5 3L k(4] [5]. PRk, ASCH 5G Heukh TR E
L FOREAR ST RO T VRARIRS . JRXT 5G Sbulift) U RAR ST HEAT 1SS, BT 1 5G HAE Ak ul AR S
oA R

2.5G BIERAS 4G BIEHARBEMEMESR
2.1.5G HARE 4G RARKIEREF R

1) WE 5% . 4G BEHAR R KT 6 GHz FM%, {H5G HARZERFMAAE(FR): Mk 1, @
WHRN 6 Ghz, JuHEIM 450 MHz 3 7125 MHz; #iiEk 2, lEFRAZAKE, JEHE M 24 GHz # 50 GHz.
AREL 1 1 ERA 96 100 MHz, i B 2 (8 KA1 968 400 MHz. X UE{E EE 4G S5 17 98 (20 MHz)EE RS
%[6].

2) RS S HE AR (OFDM). 4G 1815 1 5G i85 #BAE FH LS4 5 R (OFDM). 7 4G @5,
AR, F Rk EREEESST 15 kHz, 1 5G BEHARKH 1 288k kg . 13k A1 T DLk 8
T 2%15kHz (u=0. 1. 2. 3. 4), 5FET 4G @IE FHILABRA 2" £ . X P FOEAE AR RIS T7 22
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U, BLHE —BEH AR 4 (BPSK) . 1EAC A RS 475 (QPSK) AN IE A M 5 1 11(16 B« 64 Bl 256 F). 4G
IHAE AN 5G I (IR B [R] FE #5455 T- 10 ms, I HARANWE 10 ASFI 2B, BEASF- WU R BE S Ims.
SR1M, 5G JEEHARAAF e, T+ OFDM 5585 4G M{E AR . 78 5G BEHA
W, TR TERE 14 A OFDM 7512 M55 F T4 RIGH AT %) 19 24 i B P 7]

3) VIHBHIRLEH . 1E 4G S 5G WAEH, e/ NEL B A b ) — AN A
—/> OFDM Ff5 4L ) 73 76 3= (RE) . 75 5G @5, MR FTR A AT M, RE LAFE R 77 A
B A . 24~ RE 7] NH S BTIEIY(RB), RB fEMUEH 1 12 MESKF#EHAN. &5, £ RB A
BRI (RG), RG ARFE T — AT B (Slot)F £ 515 = [8] [9] [10].

22. BANER: SV (FDD)SE4MI(TDD)

EE 5 AT A T8 A5 b (5 S MR m B L HE ., 56 {5 R4 FE R 2 X L
(TDD)#E, Hor NATHERE AN FATHE PR AL f 3L A (R BB EE,  ph ™A% IR [R) 2R EAT X 430 1T 4G 1@
SRS I i AR WU T (FDD) (R 4G A4t fp /b3 LR TDD AL &), Hidr FAT8E K AN
ATEEER AR S AN EIAR . (8 1 B T AG(a) AN 5G(b) YR A RIS BB R, B4 e R R i %
W [ ) AR [ 11]

filnihi b P s At

@ (b)

Figure 1. Zero span measurement for a 4G Frequency Division Duplexing (FDD) source (a) and a 5G Time Division Dup-
lexing (TDD) source (b)
[ 1. 4G 3515y W T (FDD)iR(a)#1 5G Bt4> ;I (TDD)iR(b) U FFERE M E 25 R

5 FDD JAfLL, TDD 9T~ 1) iR 2 R A U AR . £ FDD R4, IR “UHE&IHR”
(K1, BRI A AR A I L 1

23. RBESHERE: BREM

M AG 2% 5] 5G 244 1) 1 EE Bt AT A VR R e o S BIZX R BER L, 378 7 wT LA S KPR B2 1 R
HATPR A0S SRR N 48 7 . £ 5G JEEHARIMBLZAT, REMBOEN—DREDE MR, H
TEARFB AR TT AN BERS TAEA . BE& AR R 5G A5 RGTRENS & dR 1A AR T [ 2 DM BOR, JF
WRAE AT AW 5 4G 1815 R, 56 | #HAUE AR KSE . K 2 0 4G M5
Hhili (a) A% FH B0 I 7 B R LA K CRS ()it T 2 F et b 2 5 FEE I B 46 2R [12]

HLET 4G (5 R4t 14 3(a)Rox 1 5G (5 RStk 4 SSB IS P AR BIA . FANPOR S F A5
5 PBCH H(SSB)HIfE AR Ek. 14 3(b)ar 1 SSB & Th R AR 5 M B 45 R . hEImT AL, HT
BORAAREA, SSB rh FAUEE B HEENCTh AL (7] A RAEZE K. B, 7E#HT 5G M{EHulhiim S
S50 AR M RN 5 2% B 00 A 0 PR IR 1) DA SRAS B A 1 ) 45
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Figure 2. A 4G passive antenna (a) and zero span measurement of the Cell-Specific Reference Signal (CRS) received power

level (b)
2. 4G TiREXRZ@QFM/NXEEES(CR)ZFWINFREFE D)W EBENELER

@ (b)

Figure 3. A 5G active antenna (a) and zero span measurement of the Synchronization Signal Block (SSB) received power
level (b)
3. 156G BifR%Z(a)& RAE RIFEMEI L ESH(SSB) VI ERB FOh)NTEENELR

24. TREHRXRE: KBREE

FF 5G BE 30l A R LR IE RENS L R, B T b 2 5 MM SR s S A B R
XTI AR ] LT RS SAE M B AR RE, JUHRAE 3 GHz M E iR N PR B RS i & R 2241
KSLHH . BT 5GBS RGMIBORMRILH A, s Fub vl LA 7 &8-S R 25 E s 5 DU e
PEALERCR[13] () 4).

SSBS

55B2 antenna

]

Figure 4. Beamforming technology of active antenna
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—RFEXT T 5G I8 {5 2 3 ) AR S A BT A AR . £ 5G JBfE R4t 5 H{EEE,
TR SSB AR 5 ) A SRIR AR ISL Th SR AN i A S K TR T 3 i 1 25, TR D S B i £ i v] LA I

HATEE SSB i oS v 18 f (K95 R R & A R A% 5

REZ2% BB BT ST R OLTE 25 ) 0 53 ML
3. 5G B {55 RS A A
3.1 FREARRGIIAGE MR IE

PRIk, FEREAT 5G B AE FLukHm i PR DI

i 3 K FEL AR S (8 — bl B kA i PR (EMF) TN . ARYE (5G A2 (5 Akl LR S A 5%
W72 (R47)) (HY 1151-2020) 25K, I 5G %3l {5 J i A A RR S P8 I N2 A Pl A, re o M

DA, AR s iy O 7 PR Aer Iy 3o I Iy

REEF RN (ABm), @it K2k &2 5(dB/m)

FVERERILAE(M?),  FT LUK D3R G 8 L 0 T 32 85 B2 (WIm?) Bl FEL 3R B (V/m) (JLIE 5) [14] [15].

Antenna gain/antenna factor

can be converted to

antenna aperture (in m?)

AZ

dBm can be
converted to W

Receiver measures
power (in dBm)

S =EYZ,
with Z as characteristic
wave impedance (377 Q)

E=JsxZ,
» V/m
Electric flux Electric field
density (S) strength (E)

Figure 5. Relationship of power, electric flux density and electric field strength

El 5 IR, MREEMBIEENXR

3.2.5G B R Euh F RS SRR ST

N T HEFT 5G JEAS ZE b A A R R0 2 1) F AR SR/ S AR U, AR SO 5G 7 Sk uli gt AT

TSI, I I R AT T T
3.2.1. Mok

SR FH 8% 3300 15 B 3y FU R S A 15 M 77 ¥ ) (HJ972-2018) FH (5G4 /1t 15 5 il L4 S5 s 0 77425 (3t

A7) (HJ 1151-2020) 4 F 7 vk 3047 X6 bE W)
3.2.2. MMk g

% 5G JE{E AN R AT B, 22T 15 5G KL, FFRINIEILEE 2G K 4G R

3.2.3. MUY

AR M P M A 38R S ALR & 3 340 SEM-600 FHIRARES 73 T (X SRM-3006, P 5 43 2% X 5t
ot () HL AR S R M EAT 1 RPN, SRR A Bl K AR AB LR 1o

Table 1 Frequency range of operator base station and monitoring equipment

1 EEREG RIS TSR

Heuh RAXES BB (MHz)
2G. 4G 800~2500
{5 5G 3400~3500
SEM-600 0.1~6000

SRM-3006 75~6000
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3.2.4. Schb SR SMLER

TEZIBAE RS BT AT TR R, SRR, 5G Zeu R A SR L g, Sk E A 2
5G Zunifli FH 5G M%%, MR b /E A N 900 M/s, FEA 5 I HEAN 5G JE3k 5 58 B . 55— Uik
3 PR (1) 3 AN M A 20 AT MR, SR PRI 5G (EELN 5 4G WS JE Uk 1 4R PRI L6 L,
DA 5G I8 {5 Fk il P s S (L E el PR 25 ) 0 23 A0 R s 85 O W 3 B A2 il o 30 P S — A [ s
R (PR RS RZ /KRR Dy 48 m, i 2209 17 m)BEAT B, 32 BEAR UL b Ak T AN [F) AR QI 1) rEU R
SRR

1) SE— UM SR Wk 2.

Table 2. First monitoring results
3 2. F—xlamgs

i 045 - (W/m?)

W AAL KFEEES (M) EZE(m) EAMIEPE o
ARAEM 56 % 5G KimAidafei 56 AmE T A 10 m

SEM-600 0.0821 1.2642
1 13 2

SRM-3006 0.0011 0.8658

/

SEM-600 0.1163 0.2084
2 / /

SRM-3006 0.0017 0.0523

SEM-600 0.0051 0.3487 0.2273
3 53 18

SRM-3006 0.0010 0.2311 0.1182

MR 2 Mg BT DUR I, 4 5G 2y B, AR AAE A 5G 2t AT 5 ek, FEuk
T S S B B T e, IS B T A S IR v, LS e 0 M ACER e G . PR kAT A
3, BEESTEREAT 5G IS I 1 HRUBLGE SFHE L B AT 4G IBE R B .

TEIEAE FE 0 1) TAEAS ] e b, St DA 8] 567 Ak 1 s DU K54t v DR B, 7E5R 3T 4G JE {5 BT,
B 5 A KCPRE BEO,  IEARIZETR/D, XS 4G B AE R R R S E o AR T TR
ShAbF 5G JEEHN, XM L, R IX (R AT 2), FRARE S E RN, FERRZ IR
LR RIS, T LE A X (M s 6 1 RN 3),  FE R S (L i o B S ) B i R R

EAERNE, ERMMENE, 56 Zuh 5 I AL RFF—80. Bk, 7EMI AL 3 37 T 56 i
P B AR 5G S HLRERR S ARG I RR R IR, 4 5G Zeuty BT IS I AUA7 10 m I,  SEM-600 frI3 i
0.3487 W/m® T %4 0.2273 W/m?, SRM-3006 [Jilifi5 i 0.2311 W/m* F %4 0.1182 W/m?, X —FiL i HA
ﬁwaeﬂ4eﬁﬁseﬁﬁM%ﬁ%%ﬁmﬁEﬁ A AT ot 248 i P L A7 B VR R e G 11 9 SR I

SERLENIE T 5G S RABRIEH AR, X—Fttl 4G 5 R4 A .

2) IR SR IR 3.

Table 3. Second monitoring results
3. FERIEMEER

T AR

WGBS 56 L1456 AUREUR T2 A5G LM M 1456 LT 8 24 5G LB
K b Ty ST H
SEM-600 0.0065 0.0136 0.0125 0.0068 0.0057
SRM-3006 0.0005 0.0052 0.0059 0.0009 0.0012
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AR M ZE K0T LUE , TOIRAE TR TAERIEUR, W& 5G Zu [m I AR, by v 51 R %
LA PR, PIASH 3R 900Mb/s [RIE, AR STIIME S — A 5G i TAER A B A
i AR

XFEEARAEH 5G Zuin, (EMANAE B 50 N R SIS T i AN B 2, T 2B A% A S I 1 R R
SHIMEF A R . FER 5G AU ERLINAS B350 T 48 SR 5 FI AR B & i st R i, W
YRR ARIEH N 2-5Mb/s, 1M 5G i AE IR AL A 5 N A28 BRI S G, I A AT LLIA $1] 900Mb/s
MW . PRIk, W] LATSH 5G I3k I Hi R4 S R0 X 4 B2 I o OB ARG, X — 45t 4G {5 2R A A .

ENEIE R rRaR R B, 5G JEui ) B B4R SFHIE AN 5G 2835 1 WA 5%, KA 5G %A TDD(I 40 W
TYBA, EFATICHMESR, 2 5G Zeun AT T a8 N Ikuh 3 )iy, PR s, 0 FURESE S
AR 2 5G Aufiidh AT AL (B I 2uity 33555 N, AR A%, FR R S DUE RN AR A 5G 2R u i
B AR

4, 4Eig

ASCEIXF LG 4G F1 56 R EEARMUMERIZE R, Z0 BT T 5G G5 il i TAERE X -0l 5
F AR S e KB 2], B i SN 1 5G A5 R o B RAAR S I OL, B4 TAEAN I 264 T G il fE 5k
ol P RERR S A BE AR A R . A5 DA 208

@© HLT 4G WEHA, 5G MEHARIEMARM T LA B (OFDM) A HL 55 5 45 44 5577
A 72T, 56 M5 KRG R ER AR XL (TDDYE, o FATRERR AN FAT 55 R AL S L 2 AR 1R 1Y)
PR, A R RZROR AT X . IF ., 5G I {5 Huli R A YRR LRSI 1 AR AN R I 1
AR, S 1 EAE R P R A R AR AR

@ AN RAL, A 5G L B, AXTARMM 5G £ imitt A7 Kot i, kvl iR 4 10
MAEWI ST R, 2R S P A B s To oK o

® AG HAEHLuf ) F AR S AR R T AL (o B vy, T B 5 Bl P /AT B 2 1 R T /) 5
M 5G {53l i) AR AT XU, AR X, PR S B A 5 3l 7K T B 2 189 KT 3
B o

@ FHXS 2G M1 AG FEti, 5G vk ¥ ISR S 7 I P TE B, REAG AT X £ oy 1) Ao B VR B R R O O
HITIA, IZAE 5G HAE ARG ATRTEEAR .

® ZHPE 5G Kumlr] TARM, FEubias o8 IR 2 i, P17 3552 900Mb/s (1)
W, HLREARE STIE 5 —A 5G Zeuin LAE R AIIMEBA B AR

© XFELRAEI 5G L, FEMAZ Hgps T SR S ELTH R AN WIS, T8 00 A i 70 s I 1) LT
ERETE T LR, LA, 5G J ki () FREAE SR AR X 2% B U o Y A IE AR 5

@ T 5G EIE RGN TDD (W7 W L)HAR, 24 5G A BEAT T 4 (Hdhs W IR b B 2y, R ie
SHERE R, 4 5G ZImbAT A% CHeE A At B3 uh) N, A REAR SHENUR G ] 5G £ It A IIE AR >

gil, 5 4G IEfEHEEALL, 5G AR Akul i) r pEAR SHE o A AR 2 18] L A B R 122 5, H32 3
ZRPAR TR B . Rk, A% 20 A5 2k vl rE AR SN DN B R AL 5G A Sk i (1) HU R AR S A
B, FEBEAT 5G FEUGHIMIMINS, ROAZ ™KL (5G #2 Bl 5 Hh vk i g dm i W T VA (R AT) ) (HI
1151-2020) (M1 253K, e 5 FEAN R R 23t AR 5, IR & BIE A

&E 3k
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