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Abstract: 6G would expand to higher frequency bands and make efficient use of low, medium and high full spectrum resources.
The low —frequency spectrum will still be a key strategic resource for the development of 6G. Compared with present, Millimeter
wave will play a more important role in the 6G era. Terahertz and other higher frequency bands will focus on meeting the short—
range and high —capacity needs of specific scenes. At present, the propagation model for Terahertz is in the blank stage. Starting
from the vision of 6G service and combined with the characteristics of Terahertz frequency band, this paper will discuss and review
the research of communication propagation model in Terahertz frequency band.

Key words: 6G ; Terahertz ; coverage ; propagation model

0 N ,
(Shannon) s N N
) Cc : 0 N
C=Wlog,(1+S/N) (1) . ,6G N
W ( Hz),S 1 0
( W),N 1 , 56 , 6G
( W), 10 , 18 . . N
A , . 6G Tb/s |
, . Gb/s ,
o , 41
° ) (0.1~ 2
10 THz) 6G 2, (Terahertz , 1 THz=1 024 GHz) 0.1~
1 6G 10 THz ( 30~3 000 pm) ,
6G 5G eMBB ,uRLLC | o
mMTC , 61 . 2 o
N \ 6G ,6G
. . Al , , 1 THz 4.1 meV
o 2030 “ , X °

§ ) ) 2021 47 12 — 15
http://www.chinaaet.com



H i 6G By =g AR

http://www.chinaaet.com

Wi Fl sk
P |
o | IR,
B | PR,
) I !:I[I ﬁ% :\“f II.
e e e e =
F—_—————
B A

| EAEZE

g | BB

0 b A

HAa 1 s,
| wiexn

fetrai ok

HTEME A

FA P i AE
AT AR Ak PR b HAE

R
HESCHETHI0 ~ 1 0004
It A e

M
FESGHLTHI0 ~ 1 00047
ey R

b | B
I =1 000 km/h
Emmm e
|
|
|
|
|
|
[
1 6G
1 6G 5G
6G 5G
: 100 Gb/s~1 Th/s :10~20 Gb/s
10~100
: 1~100 Gb/s :0.1~1 Gb/s
0.1 ms, 1 ms 10
100~10 000 Th/s/km? 10 Th/s/km? 10~1 000
1 /km? 100 /km? 100
1 000 km/h 500 km/h 2
200~300 b/s/Hz 100 b/s/Hz 10
Im, 10 cm 10 m, 1m 2~3
20 GHz, Sub 6G 100 MHz ,
200 MHz ; 400 MHz , 10
100 GHz 300 MHz
200 b/]J 100 b/J 2
”f o )
Foek e i i Koz rahek WOSEAME XK
R RN
T T | | | I I T T | 1 °
107 10 10° 100 ot 0 g0 1M 0 10t 1017 He
) ,
" (TerahertzGap) . . 131,
R 150 MHz~100 GHz o 150~
3 1 500 MHz Okumura—Hata , 4G
1 500 MHz~2 GHz COST 231-Hata . 5G
. ,C—Band s

16 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

H i 6G By < AR

C-Band ,3GPP UMa  3D-UMa
2 GHz~6 GHz 6 GHz~100 GHz o
(Ray -
Tracing) o ,
, 0.3 THz
[6] N ,
° SSRTH  (
, Stochastic Scatterer placement and RT
Hybrid approach ) o,
0.1~10 THz ,
(1)
30~50 dB, )
THz °
(2) ) Massive
MIMO , ,
(3) ) o
(LoS) . . o
(UM -MIMO)
[8] R
2 275~450 GHz ,
(Tx) (Rx) 30 dB, 0 dBm,
10 m, 15dB, (
100 dB),
2 275~450 GHz
/ GHz/ /m / / / / /
dBm dB  (dB/km) dB /dB dBm
0 275~29 10 -101.5 10 15 30 -56.6
0 306~313 10 -102.3 16 15 30 -57.4
0 318~333 10 -102.7 20 15 30 -57.9
0  356~450 10 -104.5 10 15 30 -59.6
o ,28 GHz 10 m
81 dB, 280 GHz 101 dB,
3
275~450 GHz °
100 Gb/s,

http:/§www .chinaaet.com

3
/ / m /
GHz (Gb/s) dBm
GaAs mHEMT 300 64 1 -4 QPSK
InP HEMT 300 20 0.8 +3 ASK
CMOS 300 56 0.05 -5.5 16QAM
CMOS 300 105 - -5 32Q0AM
CMOS 300 20 0.1 - 16QAM
InP-HEMT 300 100 2.22 - 16QAM
InP-HEMT 300 120 9.8 - 16QAM
InGaAs 300 60 0.5 -7 16QAM
Optoelectronic 280 100 0.5 -10 16QAM
Optoelectronic 300 10 0.5 -20 00K
2m, s InP-HEMT 9.8 m
120 Gh/s °
InGaAs HEMT °
IS m 100 Gb/s
4
° 6G
, MASSIVE MIMO UL-MASSIVE
MIMO 6G
InP  GaAs .SiGe . CMOS
THz °
6G . o

[1] AKYILDIZ T F,JORNET J M,HAN C.TeraNets : ultra—broad—
band communication networks in the Terahertz band[J].IEEE
Wireless Commun. , 2014 ,21(4).130-135.

[2] SONG H J,NAGATSUMA T.Present and future of Terahertz
communications|J |.IEEE Trans. Terahertz Science and Tech-
nology , 2011, 1(1):256-263.

[3] , , .6G [J].

,2020(6): 17-21.

[4] . 6G [J].
(3):4.

[5] HAN C,YI C.Propagation modeling for wireless communi—

,2020 , 44

cations in the Terahertz band[]].IEEE Communications
Magazine , 2018 ,56(6): 96-101.
[6] PRIEBE S, KURNER T.Stochastic modeling of THz indoor
radio channels[J].IEEE Trans.Wireless Commun., 2013, 12
(9) :4445-4455.
( 21 )

) 2021 47 12 — 17



http://www.chinaaet.com

H i 6G By < AR

[1] CUI Y,LIU F,JING X,et al.Integrating sensing and com-—
munications for ubiquitous IoT : applications, trends and
challenges[J].arXiv preprint arXiv:2104.11457 ,2021.

[2] LIU F,CUI Y,MASOUROS C,et al.Integrated sensing and
communications : towards dual—functional wireless networks
for 6G and beyond[J].arXiv preprint arXiv:2108.07165,
2021.

[3] LIU F,MASOUROS C,PETROPULU A P,et al.Joint radar
and communication design : applications , state — of —the —art ,
and the road ahead[]J].IEEE Transactions on Communica—
tions , 2020, 68(6) : 3834-3862.

, .6G

[J]. ,2021,47(9):1-4,15.
[5] . 5G C-RAN: N
(v1.0)[Z].2016.

[6] ZHANG A, RAHMAN M L, HUANG X, et al.Perceptive
mobile networks : cellular networks with radio vision via joint
communication and radar sensing[J].IEEE Vehicular Tech-
nology Magazine ,2020, 16(2): 20-30.

[7] ALl A, GONZALEZ-PRELCIC N,HEATH R W, et al.
Leveraging sensing at the infrastructure for mmWave com-—
munication[J ].IEEE Communications Magazine , 2020, 58(7) :
84-89.

[8] KUMARI P, VOROBYOV S A, HEATH R W. Adaptive
virtual waveform design for millimeter—wave joint communi-
cation —radar[J |.IEEE Transactions on Signal Processing ,
2019,68 :715-730.

[9] DUGGAL G,VISHWAKARMA S,MISHRA K Vet al.Doppler—
resilient 802.11 ad—based ultrashort range automotive joint
radar—communications system[]J].IEEE Transactions on Aero—
space and Electronic Systems, 2020, 56(5) :4035-4048.

[10] RAHMAN M L,ZHANG J A,HUANG X, et al.Framework

for a perceptive mobile network using joint communication
and radar sensing|J|.IEEE Transactions on Aerospace and

Electronic Systems , 2020, 56(3):1926-1941.

[11] KAUL S K,GRUTESER M,RAI V, et al.Minimizing age
of information in vehicular networks[C]//2011 8th Annual
IEEE Communications Society Conference on Sensor , Mesh
and Ad Hoc Communications and Networks.IEEE ,2011.

[12] KAM C,KOMPELLA S,NGUYEN G D, et al.Towards an
effective age of information : remote estimation of a markov
source|[ C|//IEEE INFOCOM 2018 -IEEE Conference on
Computer Communications Workshops(INFOCOM WKSHPS).
[EEE , 2018.

[13] YIN B,ZHANG S,CHENG Y, et al.Only those requested
count : proactive scheduling policies for minimizing effective
age — of — information [ C |//IEEE INFOCOM 2019 - IEEE
Conference on Computer Communications.IEEE ,2019.

[14] CHENG J P,LEE C,LIN T M.Prioritized random access
with dynamic access barring for RAN overload in 3GPP
LTE-A networks[C]//2011 IEEE GLOBECOM Workshops
(GC Wkshps).IEEE , 2011 : 368-372.

[15] CHENG R G, Chen Jenhui, Cheng Danwu, et al.Modeling
and analysis of an extended access barring algorithm for
machine—type communications in LTE—A networks[]J].IEEE
Transactions on Wireless Communications , 2015, 14(6) :
2956-2968.

[16] MANGOLD S,CHOI S, MAY P, et al.IEEE 802.11 e
wireless LAN for quality of service[C]//Proc. European
Wireless , 2002 ,2 :32-39.

[17] ZHANG J,LU L,SUN Y, et al.PoC of SCMA-based uplink
grant—{ree transmission in UCNC for 5G[J].IEEE Journal
on Selected Areas in Communications, 2017 ,35(6):1353-
1362.

[18] LIEN S Y,SHIEH S L, HUANG Y ,et al.5G new radio :
waveform , frame structure , multiple access , and initial

access|J|.IEEE Communications Magazine , 2017 ,55(6) :

64-71.
( :2021-11-19)
.(1998—), , ,
. (1998-), \ , O
: (1999-), D ,

( 17 )

[7] MOLISCH A F.A generic model for MIMO wireless propa-—
gation channels in macro— and microcells[]J].IEEE Trans.
Signal Processing,2004,52(1):61-71.

[8] AKYILDIZ I F,JORNET J M.Realizing ultra—massive MIMO
(1 024x1 024) communication in the (0.06 - 10) Terahertz

http:/§www.chinaaet.com

band[J].Nano Commun. Networks,2016,8 :46-54.
( :2021-11-04)

(1969 -), , s

) 2021 47 12



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





