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Abstract Inrecent years, usage scenarios have diversified with the development of wireless communication technol-
ogy. The importance of high-precision radio wave emulation technology, which is necessary for designing, developing,
and evaluating new wireless communication systems, is increasing. To solve these problems, a radio wave emulator
is being promoted in the Ministry of Internal Affairs and Communications’ research and development for expand-
ing radio wave resources, “Research and development for the realization of high-precision radio wave emulator in
cyberspace”. As part of this research and development, the authors are developing propagation channel models
that support a wide frequency band from Sub-6 GHz to millimeter-wave bands in various scenarios. Specifically,
site-specific features and behaviors are experimentally characterized and applied to channel models to reproduce
more accurate propagation channel characteristics for target usage scenarios and environments. This paper presents
an overview of the Sub-6 GHz (2.4 GHz and 4.8 GHz) band channel sounder and introduces the propagation channel
measurements conducted in an urban environment and the results.
Key words radio wave emulation, wireless emulator, channel model, channel sounding, outdoor urban radio
channels, path loss, delay spread, angle spread
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YA =22 (RAEZEM) &7 ¢ D)V (GRZER) Vs
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W AT L2 bR 5 72D DOFHM - MEEE, —iIC SRz
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FARV. TOXD GHEERIT B0, TA/VLALIa
L—2DOFEMINENTVS. TSV L AZI 2 L—X &I,
EIH DL D FHREBEOMIE 4 & 2 R ARZEH_FICHI L, 27
MIFEIERICY 70V Z A L TR SR OMGEZ TRE L 37 5 Cyber
Physical System (CPS) T&%%. CPS YA VL ALIal—
X OBFEE, BUE, $BE OEPEIEK O 72D ORFZEHFE K
HZERNC 51 2 BIAHE > X 7 LA O s i 1 7= 5B
1 (PR 2 4E~51F) IZBVLTED 5N TS [1].

BIFEHD CPS VAV L AL I a2 L—&IE, FLEZVF VUL
U ] OB 2B ST 7OV R R 5728, R
BEASTRE R O RIS - MORIRFIE 72 3 8D T2 SR A BREE O RS RUR =
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MR TEIC K D SRS ISR M2 T 5. SIEROBAD
5, JEEREET ) 7 GRZSHIEEAE @ £ 10~%80100 A—F)b) I
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GEZERIPEEE © % 100~%Fa X—F)L) 1BV TiE, Tk
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T5 2. HEEHELE, TOMEMBEO—RE LTHRLEY T YA
IZHBWVT Sub-6 GHz M5 X U £ TOIAWEREEET RIS
T BEHT ¥ FIVETIVORFREIT> TV 5.

BT ¥ FIVETIICDOWTIE, B EERIcT > X LI
T B HERRINE T IV TEIRIKEDN SN, T4/ VLA
2 a2 L—RITRD 5N B R HEIEOHE & WV o 7o TR
NH 3. FHESONITHIZE E [3] ICBW T B ERRNET IV
TRIFHEICEHTE RN e > TV, £z, 3D 7T
JVOOREE TR E OB TUVUERN L TR HEEDE L OIS
W7 E DM EAEIC X 2 1EHEEES & LLi @ &) RIS N
LT NI oT[3],[4]. TR, AWFETIE, ERETPR
BE RO HEEYIC X % EER G 2 S LA F L—
YK o TIRERMNCERIT L, BIARDERR EISERNT 315
RS 2 HER IR 2 ERERRII N T U w RF v 3L E
FIVERGTT 5. BAMNICE, HESNZFIHYFVABLIC
BB U T K O EEREIHRT v VR EZ BT 5 7291,
YA S EH ORISR 2 BN ZIRINCHIAL, F v RILET
JUNE G % FiZRFET 5.

KT, TOMFEHFEO—EE L TH¥ L7z Sub-6 GHz
(2.4 GHz B&U 4.8 GHz) HF v 3:)V¥ U v ZOMEB X T
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# 1 System parameters

48 GHz

Parameters 2.4-GHz band | 4.8-GHz band
Carrier frequency 2.462 GHz 4.85001 GHz
Signal bandwidth 40 MHz 99.9 MHz
Delay resolution 25 ns 10 ns

. . Multitone Multitone
Sounding signal (N = 200) (N = 510)
FFT points, Ny 4,096
Sampling rates 800 MSa/s

Sub-carrier spacing 195 KHz (FDM: 48.83 KHz)
Delay span 5.12 pus
FDM symbol duration 20.48 us
Total symbol duration 100 pus (18.08 (dummy)
+ 81.92 (STDM symbol))
ULA : 75° HPBW, 6.5 dBi
Antenna element
UCA : 90° HPBW, 4.0 dBi
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2.1 N—FUz7#ER

R LIz F v 32V XONBIZK 1I1CRd . REE O
B, 2.4 GHz #7 (DAL : 2.462 GHz) & 4.8 GHz #5 (Th
DJEEEL : 4.85001 GHz) D DDJFIEGHID RE JH R
Mg e 7 L—7 VT F B ZNEEIR L, (R IR
BHMHAE RS> TS, #ElEY AT LOMRZESR 1 1R
T T, SEEBEFHICBVWTER m%vszSXSMmm
THEKEI N, TR EF v 2VRHEDIE TE 5. 55
whiE, ZNZFN 40 MHz, 99.9 MHz k750, EuL ) fiRAE
FNFN25ns, 10ns THB. Tz, Yorra /7{&730)
b= ORIBRIE I E R & &1 195 kHz TH O, RAEMLIX
LBIC5.12us THB. K1LITRT KIS, EZETVTHE
8 ZTOFEMIEY =77 L— (ULA) BXUEMBMHET L—
(UCA) Zff LTz, BFRFTOMEE I E—LIE (HPBW) 3,
AEHEIN T ULA T90°, UCA T74° TH3. Fiz, 7V
T RS ULA A 4 dBi #2/2, UCA 5°6.5 dBi f2ETh 5.
EZEWPNCHB VT GNSS (GPS) #RICKDEEI NS
1pps BB EEMI L 10 MHZ )L E P L7 ay &7 HLUERff ]
U, EZEMEBEFEABIC NSOV ADZA 2> T
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14464 samples 16384 samples

TTAFTFDM freq. shift

18.08 us 20.48 us
<—>
T T = —3— — - . .
Utx1 |pummy|||4CH-FOM ||| Repeat ||[E4CH-FDM=E Repeat = TDM switching with
s e IE == = Orthonormal Beam-forming
TTTITTTTTTITTTTIT TTITTITTITITTTTTT = —= — "7\‘_:‘-\~ s
Utx2 |pummyl||4CH-FDM ||| Repeat |[[E4CH-FDM=E Repeat = \
A i i = —= = /FDM4
1) i Z FDM3
w 2 LETFom2
/ W() 4~ FDM 1
S(t) AF : Tone separation
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X 2 FDM & STDM Zfff L7z 8 X 8 MIMO £ ik

ZFF5 . WET—2 70y 7 OHRIGD T DREZERED A )
Taw BROED I, NHTERSNZ MY AV RICED
WTHITENS. TORYAIOVRAR, EZERZ YY)
DEESHNC T —TIVERITTZE DR A I T EbE% MY HHE
2175, U X DM hRIEREIE D TREL 725 . {HL,
RRRNC D2 2B I BV TIET 2500 TR R A 7
v MME, BIEETICH SO TR CEIET 5. AV AT
Lk, —ERERRETEIC ATy Ty ay FARETE S
ZA LTV RE—RAEKIEZA L, SROMHEHHGE L,
#10.5 s [HIFRT 3,000 AFy T aw b (K26 2REHSS, A
Fv gy MEIEC D) BRIGT R 2 A LT )y RE—R%E
H\WTiro 7z,

2.2 MIMO ZE%

BIFE L7 F ¥ 3L VU R1E, MIMO V7 N7 o 7 g7 X
rRyw REMAL, 727 ) L EBOEZENREET 5T
MIMO 7 —F77F ¥ Llx->TW\5%. FRRAZEEZIRELT
27, KM2Iimd MIMO 2&EiEz Wi, 22T, #£%2E
Beaic4R—rE 122y LT, 22y NEMTHETT
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il c7—V 2Z#1, STDM {55708, FDM JEHE O HhdE
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F v JIVH T AOERIE T — L=V TR LTWS [7].
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x2 WEFvA

Scenarios Area BS Antennas MS Antennas
8-elem ULA
Kanai Area (R1, R2, R3), )
Height: 33 m 8-elem UCA
Yokohama Daiichi Yuraku Bldg. . ] .
Direction: N Height: 2.7 m
Urban Macro (on vehicle roof)
(UMa) ( ‘
8-elem ULA
China Town (R4, R5),
Height: 34 m
NTTCom Yokohama Yamashita Bldg.
Direction: SE
Urban Micro Streets (R6), 8-elem UCA
(UMi) Yokohama World Porters Height: 3 m

T, 2.4 GHz XU 4.8 GHz HOEMF v I VHllE A e L
fz. 2 21TWE)N— b DFEIZRY. Urban Macro (UMa) ¥
FUKE, MR AR CVORE ERRME (BS) & LAk
EHSOHIK ERNTY 72 &L 3 )V— & NTTCom it
TEILDRE L7z BS & LicH#EdEEO 2 )b— & L, Urban
Micro (UMD U A, BT —V RR—2 A0 744
D 1)b— b E Lz, JEER, BS MEEH (Tx) TR
MS) DZEM Rx) &>/ RO EFRTIT>7/z. UMa ¥ 5
UAIZHBWTE, BS 774 (ULA) ZH BB 33 ~ 34 m
DEIVDRE FICFEREL, MS 777 (UCA) ZH#i 5
2.7m DEE CRTHDRERD | Ob—7) IRl Lz, %%
ERIDR A 2 km TH O, HEERBIICIVEEMTH
279, ZENV—FORFLIRBLATHS. —77, UMi &~
FUFICEBOTIE, BS & MS 7 VT FOMi;FEd UCA EH]
WCEZRTTo 2. BS 7V 7@, i EnS5H 3 m LK
ICFRIE L, MS 77 &, UMa LRIBGICHL EASH 2.7 m
THFEHDIV—TICRRE Uiz, 225 MO KEEEEHZH 500 m
THD, BS EH (ZEL) OZELETEIRELNERZ>TY
%. PEOM, Hlil& 20 km/h LUFOMETETL, —Eh
M (9 0.5 s) TF v FIUmEBEBEIE L .
3.2 ZRFTEHANRY MV
EZEMCBNT, 8 HT ULA, F/213 827 UCA 2
LCHlEEfTo 2. ZNTNDT ¥ T F e R -> T
BY, EZENTE—LERZITS T LICKDT VT 2—
DOWERPGE UL RTESIARY MIVEAKT 5 T L ATTRE
f%%.::f,ﬁ&k—A@ﬁ%bm—7ki%$@@ﬁU
BNENT BICHEREEI N,
EBHOYT7F v U TICBNVTERZ
K9 AUMA FEALE R UG,
Arlk, p1] € C¥Y, ARrlk, ¢r)
B TRAD X SR ENS.

BAHAA (o1, pr) I
IKEMIEZET VT 7882 —2
€ C¥ BHWEEZEY — L

Glk, o1, ¢r] = CR ' AR [k, orH[K|AT [k, o1]CT" (1)

C T T, Hk] 3 MIMO (ziBIBITIICH . £z, 72T
FIFOREARE, XD K SITKRDEND.
Cr = A [k
Cr = AR [k

o)Ak, o] (2)
s or]AR[K, or] (3)

i (1) TROSNTA EIRERE G 287 — ) T2 LU TE
SNTRAEA VIV AISEE g £LT5 L, ZRTEIARY
PVERAD L S IcREND.

Pln, o1, ¢r] = |g[n, o1, ¢r]* (4)

TIEAE T 1T 7 1)U (power delay profile: PDP) &, = (4)
ZHOWTRAD XS ICGGHREENS.
Ay A
Pu[n] = =55 Y>> Pln, e, er] (5)

PT ¥R

TTT. Ay & Ay 1&, ART MVOMAEIMREET, Br &
Br BiEZEL—LT7 +—<DYEHE—LIE (HPBW) TH
5. SElX, Ayp = Ay, =6° T, Br~ Br = 12° (ULA),
24° (UCA) bxote. iz, EZEMCBNTOAMAET)
ARZ FV (azimuth power spectrum: APS) & ZNZNR
TEINS.

= G Y Pl (©
W= 52305 Pl gl ()

3.3 (GIRIFEDRRIT

B 41T RTDOTF U AICHENT 2.4 GHz & 4.8 GHz DI
BEi SF A—% (large-scale parameters: LSP) DfRHTHEHR
R, BURICiE, WET— 25 E2I0TEII AR MLz
“il, 5D PDP 2 SEA (PL) LEEILND (DS)
R, K70 APS MHIEEMMEILND (ASD) L3225
FAIEILMMND (ASA) ZRéiz. T, PDPICRIfE (&S
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***** Free Space @ 4.8 GHz

***** Free Space @ 4.8 GHz ----- Free Space @ 4.8 GHz
60 P 1 60 - P 1 60 - ¢ 2 |
***** Free Space @ 2.4 GHz ~---- Free Space @ 2.4 GHz °  Measured @ 4.8 GHz
70 Fee o Measured @ 4.8 GHz |4 70 Faee o Measured @ 4.8 GHz |4 70 F
©  Measured @ 2.4 GHz ©  Measured @ 2.4 GHz
80 1 80+ 1
g 9% g 9% g
2 2 2
g 1o0p g1o0r g
E 1ot E 1ot E
120 120 1
130 130
140 | 140 | .ﬂ
a
150 150 - 150 -
10 10° 10 10
Tx-Rx distance [m] Tx-Rx distance [m] Tx-Rx distance [m]
(a) PL: UMa (Yuraku). (b) PL: UMa (NTT). (c¢) PL: UMi (WP).
I UMa@d8CH; | [
Mz@4.3GHz = I UMa@2.4GHy: c ! TUMa@2 4GH7
097 //' 1 oof M 09}
i
_ 08 (e scr: 1 08} UMa@4.8GHz ;l 08} UMa@4.8GH:
1) =1 =
207¢ Ma@2.4GHz S0 \ S0
2 5 5
s ] § £
0.6 = = UMa (Yuraku) @ 4.8GHz|| 5 ' s | ) ]
2 = = UMa(NTT) @ 48GHz ; 0.6 UMa@4.8GHz ) ; 0.6 UMi@4.8GHz
Sosf UMi (WP) @4.8GHz | S (5] b S5t
= ———UMa (Yuraku) @ 2.4GHz g :' ‘z’
5041 ——UMa (NTT) @ 24GHz |1 £ 04 ! Z04F VY
El = I = LR
Eo3 Eo03 ! { Eo03 . H
] R ' = = UMa (Yurakw) @ 48 GHz[| 3"~ +7|= = UMa (Yuraku) @ 4.8 GHz
02 02 ') |- = UMa(NTT) @4.8GHz | o2k (7 _{= = UMa(NTT) @ 48GHz ||
: 4 UMi (WP) @ 4.8 GHz ’ 2% UMi (WP) @ 4.8 GHz
0.1 0.1 P —— UMa (Yuraku) @ 2.4 GHz || 01k g —— UMa (Yuraku) @ 2.4 GHz|]
' —— UMa (NTT) @ 2.4GHz ——UMa (NTT) @ 2.4 GHz
0 0 . . : n 0 n n
0.2 0.4 0.6 0.8 0 20 40 60 80 100 0 50 100 150 200
DS [us] ASD [deg] ASA [deg]
(d) DS. (e) ASD. (f) ASA.

X 4 LSP Off#fis S

N +~—U) ZiEf Ui S N EE5R0 DR EHE
DR E LTz, 2.4 GHz IZBWTHER LAN 5 O Tty
BHLN)VHBEEICEERD, FERSDEITERVWEAE
IHES & HIE LT BHERR L7z, ASA & ASD IZDWTIE, A
W7z DS MM T E FESISH LT, XD 3GPP OFtHEA%E
FHWTCEIE L.

)®

TASD/ASA = \/_21n (‘ > exp(jer/r) Pr/r(PT/R)
> PT/R(SDT/R)

PL DGR (B 4(a)~B 4(c)) 15, 2.4 GHz DT — X DL
PFRC X O 92755 TV BN, 4 4.8 GHz & AR T
HHT L ahB. iz, ITU-R #1f5 P.1411-11 site-general
model (FUALAVH) LB —HL T3 2 L 2R TE (9]
DS (X 4(d) IZDWTi&, T 60 ~ 190 ns I L, &
F VAR X B EE D F 0 RSN, ASD (M
4(e)) IZDWVWTIE, 4.8 GHz OFH 2.4 GHz ITHERTREL
o TWAA, ASA (K 4(f) KBV TIE, TOMEmAMTIC
BoTWBT ENTME. Sl BWREHERSRZ T TH
UL LD, (G A 1 = X L OBkt 2 2L, €
T MR bd 208055 L ibNhs. 51T, 24 GHz &
4.8 GHz DB EURAENE DGR DRI T E 5 X5, K DRF
MR 2T T> TV FETH 5.

4. ¥ &£ &
AT, Wi GMRNEE > A7 LORGET - FIFE « Gl 082
TS A SRR PR N 2 BT B e IcHEEE N TV B T A Y

LALI 2 L—2DOWIHREMN Uz, £z, TOWIFEET
D—FaL UTHESE L 72 Sub-6 GHz (2.4 GHz 35X U 4.8 GHz)

T ¥ VYT 2 X OE L T IEREE I THME U 5T v
FIVHEB X CZORERETHL 2.

El 2

AWIZERAFE, BHEO [AEZERIC I 2 B 2T
LEA O s A a7z gE iz (JPJ000254) | 12 K-> TH
fii U7z R & HE T

1 23

HTFVUAICBT B LSP OZEfRHEZ, FnZEhnX 5, X 6,
X 7I1TRY.
X [
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(a) PG (4.8 GHz). (b) DS (4.8 GHz). (c) ASD (4.8 GHz). (d) ASA (4.8 GHz).
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