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Delay Spread Measurement and Analysis in 3 GHz and 6 GHz Indoor Environments
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ABSTRACT

In this paper, delay diffusion for exhibition hall and conference room was measured and analyzed in the indoor
environment of the building. Scenarios for the indoor environment of the two buildings were written. also, the system
configuration and measurement methods were conducted under the same conditions. The measurement conditions were
set to 3 GHz and 6 GHz of center frequencies and analysis band selected 2 GHz. The measurement system consisted
of vector network analyzer, power amplifier, omni-directional transmit and receive antenna, and transmission line.
According to the indoor environment scenario of the two buildings, the location of the receiving antenna was divided
into three zones based on the location of the transmitting antenna and this was measured at 1 m intervals according to
18 locations. The power delay profiles, RMS delay spread, and K-factor results of two buildings were compared and
analyzed.

7191

Indoor, K-factor, Power Delay Profile, Propagation, RMS Delay Spread
A 37, KAk, A8 A 2234, A3 RMS A 24t

.M 2 UA 28 5 B4 71$S a7t 5G B4 71Ee
ol FEAl Holg o8 FUIE st FI4 6

5G ol B 778 ¥ dolEe] AHgFel  GHz old tlw RelnEd gl wejsu 3
T7hsto] whe HolE A%, A S, g4 WL, o] 5GE 26 GHz oA 71E 4G9 fAkaAY

* SHMALIEES| (seonghoonyi @naver.com) * Received : Nov. 17, 2019, Revised : Jan. 01, 2020, Accepted : Feb. 15, 2020
o ZEMOED MASED (orut00@naver.com) « Corresponding Author : Byung-Lok Cho

oo WA X} MO SR M| MRS sHE Division of Electrical and Electronics Engineering, Sunchon University.

< o+ 92019 1117 Email : blcho@scnu.ac.kr

S )

Fz el : 2020, 01. 01
- AdEE 2020, 02. 15

15




JKIECS, vol. 15, no. 01, 15-20, 2020

£e vole AdFoR J1E 4G Aulsd AEEE
F g S8 BEH R Ak we ASEEA 8T
= VR/AR, 2239, u§d 94 2EHY 2
O A BN Aok AFET. Heb, 56
o4 BANA Tk A B9 At G Bt
% 2 A B85S A FoltHl-3)
ITU-RE A% ¢4 293} RMS A2 34 5
of i A% Ao W Foe oo v as
of Wg AR FAsL ALk el sl o) 2
EEEE! na o= Y] A% AP} AP Fo

S5 Alcksly] fs A77F stk
B o=RoAe A8 A &4 durd 39
Aol E thkst AL b 717] & wiA A
T25 7k g3 g2 Ay @49 § 1l g
2 FRA AA|FHo|th Aeo] AU FAo| gt A
Zos FAgstgen, T AEe FAAzE A
=4 e 2 e APt 4 1o
ZE F4 F949 3 GHz, 6 GHzolx, #4 tjdo
2 2 GHzZ AAsich 34 U $41 SHEHY 7]
FO 2 3 Y] A E 379 fFYo® Yral
ztzb 18709 Ao wel S4 2 F s val &
Moz A4 itel o] sttt
. &y 24
21 A& AU 24
%94 *‘LH 37 7

?ar il

rﬂﬂ“e‘% 1‘41, *‘, AN, A}, AR Theh 24,
W Z2AE 297 7]7]d] gig E}"Ed HIA 2
A=l Stk FYell= AT grtE AdEe] gle
o, A Fo gRie 29, W ZeAE 9d F
Golli= dlojzde] AX =AU (b) AAIHS Tl A
57 9 71717 glom,) gisl e i) gixsE gt
o= F Ee] AFE vuwsty] flste] AAsATh

16

2.2 A9 749 Avg e

Ao A el Auer 19 20 $54
OJEM AR 24 ANE =6l wASAT, 19
) sl el £4 kel R F 9w

zg 71201@ AA G 44
& RL1, RL2 79°l+= 1 m 7H4
XAk

A5t (

QHHU= 37 9o

Ao 187H 1=

0111 RL39| $IA+= T4 A2
x*/\]%&i *‘IH %Li oL 3717} D}

(b) Exhibition hall
agl 1, HA2o Ay st4
Fig. 1 The indoor environment of the building
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(a) Conference room
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Fig. 2 Indoor environment scenario of a building
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Fig. 5 Power delay profile based on the distance of
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Table 1. Average and RMS of the exhibition hall
) 3 GHz 6 GHz
Location =gy AL2 A3 AU RL2 RL3
Number

u o H o H o H g 3] a u [}

Rx-1 | 21.6] 18.0] 14.2| 15.9| 33.0| 19.4| 16.6] 10.2| 10.1] 9.6 | 27.4 134

Rx-2 | 25.6] 18.0] 19.3| 20.4| 34.8| 18.6| 21.2| 14.2| 14.9| 13.2] 28.4 14.0)

RLx-3 | 30.8] 21.6| 22.3| 20.3| 37.7| 20.2| 22.9| 14.3] 20.2| 16.6] 31.2| 15.6

Rx-4 | 34.3] 21.8] 27.2| 20.4| 39.5| 18.2| 28.8] 17.2| 23.0] 14.7| 32.0] 12.2)

Rx-5 | 35.7] 24.0| 33.0| 21.7| 43.6| 19.7| 30.8] 18.8| 27.3| 17.2] 36.1| 16.0]

Rx-6 | 41.1| 23.4| 39.1| 24.0{ 44.0| 19.4| 34.9| 21.4| 32.6] 20.8| 40.1| 18.5

RLx-7 | 45.2] 25.0| 44.7| 24.1| 48.8| 21.7| 41.0] 22.3| 35.5| 18.9] 42.5 18.2)

RLx-8 | 48.4] 25.9| 46.6| 21.8| 52.8] 22.2| 43.2| 24.0| 38.7| 17.6| 45.0 17.1

RLx-9 | 56.7| 30.6| 52.1| 23.6| 57.2| 24.0| 49.1| 21.9] 42.7| 15.4] 47.2| 15.1

RLx-10 | 58.1| 27.0] 55.8| 22.1| 57.1| 21.6| 51.3] 22.2| 46.4| 17.5] 48.9] 14.0)

1
RLx-11 | 61.8] 24.9] 59.6| 21.7| 62.4| 22.2| 58.2| 28.0| 48.7| 15.2] 52.0| 12.6]
RLx-12 | 64.1] 22.8] 62.8] 21.7| 67.7| 21.9| 59.9| 23.3| 51.9] 14.3| 55.8] 15.3]
RLx-13 | 69.4| 22.2] 65.1] 21.6| 75.7| 20.5| 58.1| 17.0| 55.6| 13.2] 68.6] 20.3|
RLx-14 | 69.6] 20.3| 68.0| 18.9| 74.3| 18.1| 63.8] 15.1| 59.7| 13.6] 69.1| 18.5]
Rx-15 | 71.1{ 17.0 70.1] 17.1| 75.3| 17.3| 68.5] 19.2| 61.9] 11.7] 65.3| 14.0)
RLx-16 | 74.4| 16.6] 74.6| 15.9| 78.2| 16.0| 69.4] 14.2| 64.6| 10.8] 68.8 13.7|
RLx-17 | 77.9]| 14.8] 76.3] 16.7| 79.2| 16.3| 70.4| 12.5| 68.6| 10.6] 71.9] 9.3

18 1

76.1] 12.7] 78.9| 14.4| 81.9] 16.4| 73.7| 11.8] 71.7] 11.5] 75.0] 12.3]

I 2 tfEelAel Hant RMS
Table 2. Average and BMS of the conference room

Lot 3 Ghz 6 GHz
ocation =g RL2 RL3 RLI RL2 RL3
Number

H 0 H o Y] g Y a u [} W [o}
Rx-1 | 20.4| 12.5] 11.0] 9.3 17.3) 13.9 10.6] 12.7

Rx-2 | 21.9] 12.5] 14.7| 10.9| 31.3| 14.4| 20.3] 15.7| 14.5] 15.3] 29.0] 19.4

RLx-3 | 24.6| 15.7| 19.4| 13.4| 32.2| 12.3| 23.1] 17.7| 19.5] 19.5 31.8| 18.4]

Rx-4 | 27.7] 13.9] 23.3| 13.2| 34.1| 13.4| 28.3] 16.9| 23.5| 20.9| 32.5| 14.6|

Rx-5 | 33.1] 16.0] 26.5| 11.9| 37.6| 15.0| 33.1] 15.3| 31.2] 22.7| 35.8| 14.5]

RLx-6 | 36.1| 18.1] 33.1| 18.2| 41.3| 15.4| 37.8| 25.4| 38.3| 24.3| 36.5 12.5]

RLx-7 | 39.4| 17.2] 41.5| 21.7| 46.1| 18.0| 41.8] 23.6| 46.2 24.8| 42.5 15.3

RLx-8 | 46.6] 19.1] 42.1| 19.4| 49.6| 18.9] 46.1| 25.0 47.4] 26.9] 49.5 22.2)

Rx-9 | 49.4] 19.8] 45.6| 17.1| 51.2| 19.4| 53.4] 30.0 53.1] 27.9] 59.0| 23.0)

RLx-10 | 53.1] 18.0] 53.6] 22.5| 55.0| 18.4| 55.3] 23.7| 59.5| 26.8| 67.1| 23.3

1
RLx-11 | 58.4| 17.9] 58.0] 21.3| 58.7| 17.9] 57.9] 24.9| 65.9] 27.2] 73.9] 22.9
Rlx-12 | 61.3| 18.0| 58.8| 19.5| 61.6| 17.8| 67.0] 21.4| 73.4] 24.0| 75.1| 22.1
RLx-13 | 63.8] 19.7] 62.3] 20.0| 61.7| 14.8| 68.8] 22.3| 83.8| 27.6| 73.5 20.3
RLx-14 | 66.1| 16.8] 64.2] 18.9| 66.1| 16.4| 74.0] 17.5 75.6| 27.9] 77.1| 17.7|
Rlx-15 | 69.7| 15.5] 67.0] 16.4| 68.9| 15.3| 68.4] 16.7| 84.0] 27.3| 71.7| 18.5
RLx-16 | 69.3] 13.3] 71.2] 16.5| 69.2| 13.5| 75.8] 21.7| 75.5| 20.9] 72.6] 19.2)
RLx-17 | 73.9] 13.5] 73.2| 13.2| 71.3| 12.8) 88.7| 28.5 76.4| 17.2] 75.1| 17.§
RLx-18 | 75.1] 13.9] 75.9] 12.3| 72.9| 10.7) 80.2| 21.5 75.8) 15.4] 77.0] 16.2
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Table 4. CDF comparison of K-factors in two buildings

RMS delay spread F1 B2
(ns) 3 GHz 6 GHz 3 GHz 6 GHz

10% 0.07 0.91 1.88 -0.78

50% 4.51 5.35 5.57 4.82

90% 10.72 12.55 11.66 9.49
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