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A Study on the Forward- and Reverse-Link Interrogation Range
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Abstract

Recently UHF RFID system has drawn a great deal of attention because of its potential to revolutionize supply chain
management. An important characterization of the performance of a RFID system is ‘interrogation range’, which is
defined as the maximum distance between a reader and a tag. Forward-link interrogation range is defined as the maxi-
mum distance from which the tag receives just enough power to turn on and back-scatter, and reverse-link interrogation
range is the maximum distance from which the reader can detect this back-scattered signal. A link balance has to be
found between the two interrogation ranges. In this paper, the interrogation range equations are formulated in both
forward-link and reverse-link and a trade-off between the two values is investigated in order to maximize the interro-
gation range. As a result, it is observed that the gain of the reader antenna, the isolation of the circulator, and the
phase noise of the local oscillator with range correlation effect mainly determine the reverse-link interrogation range.

Key words : UHF RFID, Gen. 2 Speification, Interrogation Range, Reader, Tag, Forward-Link, Reverse-Link

I.M B UHF RFID Al2®& 7]&¢] A3-5 RFID Al2="9

H)gted 70 914 AP AP tag ¥4 FHLE

o) ANAFSZ UHF ¢ RFID 7149 ANAZLE #%, BF 59 $xo /M HEs
e FAol F71EHEA F5 EF £oFE ARLR o3 YrrE 3 ok E3 Wal-Mart$t Tesco94- 7e
=4, 87, 98, &7, IT § B¢ £k RFID 8 SE3 Ao A& 200532 E RFID Z5E 7H
1&g HEsEe A7/ 48 ANEL itk 38t 91, 22 3¢ EPCglobal class 1 generation

F2 AFE 20079E FURE ZHATEE AQdel #3948 7L BPHT,
ZA) 8y AL (Department of Electronics Engineering, Kookmin University)
& = 3 20070827-089
-RERIA 2007 109 172

1243



BEBHESERGE F18% £ 15 2000 1A

2(EPCglobal C1G2, 13} Gen. 2) 7F4°] ISO 18000-6
Type C2 A FASGEHAAM AAA ¢ 59
RFID 7740 EY¥E o] RFID M| ~¢) Su)7t 74
gz gt

RFID A28l date ARE A7) 943 e
TR ARE ARSI e HIE FAHY, A
Bo| A% Wikl whel 19 1o vrehd whe} 2o

sy guber Ya g pRET d71M 4
Fas vt h1zRE d3te JRE &7) Al
FEE BE Y Ao, By A5 2 g
AY& FF3H= CW(Continuous Wave) 2135.9] F4
HAo) gt YT FAE B AHEFH
FACW ATE HReR g A4 2 AA 2

do] FAR g1 A7 22T AR AAE

UHF RFID A129& AAlgEd glo] 7H 2
g getug e st BaE A48 5 e Ao
AZE, o]& <14 Ad(interrogation range)et F&
4 AZle 3A rdM IR &R
212] Az (forward-link interrogation range)} B} 1l
A 2 E7A e Qa4 A B)(reverse-link interro-
gation range) £ £FE 4 121, UHF RFID A 2"
o ol A WE A4 A ek Q14 A
g & 2 gl g8 Z2A ATk 4 A4 Age
oY $4 NS2HRE B2t AEE T8 wol
AQazd ¢ e Hd AYE giste, S 2
A Ade g9 g3y A5 E ot Bx
T e Al AGE uidte}. o) dS gt
B4 Al A 2" vwste] T8 19 Yephith

auk B4 B9 Ay, &R A9 149 A
g g ozl Aol A YIAe KA &
gk 2 odurskol 2Al Ags FUAT, RFID A&
g9 79 Wk qud Tole A9 g &
ot ol 1 FA M7t Aol HE & U
o g kAl A A9 AN e ERE
(thermal noise) AFE HA& 7|FO2 dh=v 5t
RFID A|2® 9] &Whakel A= e 27F 58 a}7] 9%
HA 0¥ g (threshold power, P )S, Gkl A
£ gde 74 Aol 7] He BAE Zeth

Udubz o2 £440 B AFA S UE A

ST RF 29 FEAF L A4S 540 94

=

Ng{_:

1244

Base Station Mobile Station
(BS) (MS)
Power
BSTE et
30dBm 4 o MsIx
0dBm 4
Forward Reverse
-+ link tink
-40dBm 4
90Bm -y MSRx Y...
BS Rx

(@) YA P4 FA A2Y

(a) Typical wireless communication system

Thermal Noise + NF

(b) RFID A2H°
(b) RFID system
O3 1. 9wkl A AA" 3 RFD AL 3
23 54 M
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Fig. 2. Architecture of a UHF RFID system and a
block diagram of a reader and a tag.

II. RFID AAR ZEE

UHF RFID A &€ 9] $ubek 2 4
& 12d 3] fste] 11 29 2ol 3§ }L}ﬂ e
ob s BIZ FAE AN2EE I d oY)
A e B A U FAE, B S
B 17t B2 ALY AR fgEHE IR FEE
X—]Z}g].:ﬂ_ 9] & , tﬂ_‘,:__,] ;q OJ 7.} ]_‘;;

A g} wEA YHEFE $AE RF "\ligl
£ DC A0 2 Wste] AHSEHA H
’\Ja(backscattermg)o E3lo] ZoiZ }
AgEE AEe g9 98 d9HLE WA
g, H o T e g F shrh o
o, A5gE 7HHATIE A ASK, dFEEe H
*lﬂ% 7% PSK AZ7F Atk Gen. 2 FA #WE

W B9 A$ ASK EE PSKE A" 4= glon,
29 79 ASKS} PSK EFE BXF ¢ glofok
gohy HA o} Ao,

goie] FAS 19 29 Zo] S #AV(LO:
local oscillator), £417], A17], $441 ote &
circulator 2 A F o1 k. Circulator®] 73, W34
Z 37 |(directional couplen 2 FAHIE &, F
L 9L FAV|ZHEHY AT E AHUE AL}
£t QEUERE $AE A8 fA7E A
gdatE 98 dk L0Y A9, 598 T A
H3HCW: Continuous Wave) A& %—4\_17] 2 Hfe=
B, YT ATE B aelA HAret
AUY s Fug Heaied A
23 FAE FY371 e circulator *}%

ne
18 12 -z Yo f

oo r&L‘
>,
fo

1m

1245



BESREPEHRGE H18% F 15K 2000 114

37] skl T 19 QHIE AHEE BRE 9
=4, QL Alole) 45 AFo] EAREE
doz: U R4YT + Ak

21 RFID &E EY

w4, 2)d elus 81 e 59 s
£ A4 9YT R, § AHL Alg ARE
POl BT S, Frise) A2 £4 3490 ol o)
2 e FATE ABS Bes o) Foirl
o

PRX(X):(LJZPTXGTGR
4r (1
A7I0A, As B, Py = 2E9 £4 14, G; )
Gr & 7tz g Qe ue) 8T e o] 5E o
ehdic). )19 3 el B0 Y command
NS E v 7743} I EEH CW AZE ol o
Agtsle A7he 2 UFox g, gadEE 72k
Ae B9 F& 2 A FHeo] FA U
HRZ g0 AFHE Av) dYo] FopAEER QI
A A7t Foth BEA B =FdAE Qs
s P9 Q1 Agjuhe vt GAteE
E ANSE AMsHE M2 wa]e) mhel ASK e PSK
2 e oy, 7y A9 A AEs g
g A9 v WA YYPsA A

oA, Ft] EHlA AHHY, 2y <t
AFe ASE I8 2044 BlI2FE ke
9 A5} circulator®] $541 AE] B4 ©4E F
A A8 NIE YE F Unh

WA, FA7NA Fa4 HES A3 ALEEHE
L0 AEE thed 2ol 28E + Jth

X 0(0) = Ago costor +6,5(1)} )

A7NNH, o 2RI, 0,00 & 109 94 Feol
sk BlI2EH AagE A3 Xy o)+ gy
o} g 1 Aol o] Hske] & XA Al7Hround-trip de-
lay)S Arol2tz 81 e 17F ASK WX E e 3
+ o5 2ol 28 F Stk

Xy (1) = Ay s(t)cosio(t — A ) + 0,5 (= At} (3)

1246

o] 7)o A s(t) & tag®] o] & Elo|EZ “Q7o] “179 &
gEW, 4y & HIZHYH FASE 4359 F7 2
Friis 324& ol&dte Ago wWEsH o7
7z},

) 2
AM =(E) 1¢2R0PTXmGTGR (4)

of7)o)A, m & Bj19] MR Fof s FatH, Ro =
Aol g gufd 2ol

ggoz FH gol B WMAEE 412 2 FA4
AY S9 T Tz APy} A3 Xy (@) o]H, o]
FolM 4 A o] P ARE T ASE
g FAFE, o o] BET & Yo

Xy (6)= 4y coslo(t = AL) + 0, (1 - ALY} (5)
A7) A, FA A3} L0 A 39 A7k Af 0
T, Ay & ¥ AFd) o3 Fux gt A712
A ot 2ol FojAth

Ay =2nRyPry (6)

AA circulator] %, AR R FAFE oY
Hog Byd 4 Qorng gue A4 dgg nE

Ao atqe}. watd 7 circulator?) isolation Fté]
Ao sfgsteh

22 =48k Q1A 2{E2|(Forward-Link Interrogation

Range)

2189 A5 g Fg uges oI
gurgel X 94 AdE 58 F Yok £ H
A i e Ay AR et eNE
A AZE g1 eyl 2gdte $4 dde] |
a7 &4 FsE 2 94 A Agse 79
2 R ¢ ok ARH T Frio $4 49

Py o) wigse] B9 4 A¥E Fdshd, Ad
9 A AdL 779 71& 7189 g3 ATHA
Al ASKY H¢E JHgEtH &MY 4
AgE FTEH 319 A 6% At o3
Zro] Ao+ .
4 2
_l_m_ZPTXGTGR[;‘%j 2 Pry

(m+1) 0



UHF REID A|298l €3 % 9% 94 Azl 88 47

Ad71o0A Py & )27t F257) 98 A4 99 9
A2 eI Az Hyo Wl zhe) 7t glo gub
°2 —13 d8BmolM -20 dBm ALY FE ZH=th
olA] &¥k3k 914 Agl Torwad & T T 7o) H &

% 4 ook

(,1] Py G,G 1-m*
Vrward =| 7 - W™ 5 2
4z )N P (m+)) (8)

SHR7HAE, PKS] A% €A A4 A2
£ ATEY R A ()& A B 5

2-3 Bk OlA H2|(Reverse-Link Interrogation
Range)

qurgkel A 9 Q14 AFe FY F£AFY SN
MIS uero g S5 WA BA2 7193
71 913t 714 9 FAF et AFg A
By fid IF0 Ad Fog Sy Alold HE
E4e 23 1 9 tdeie gl o dHl 2
22 7Hgskd, A4 wEE 714 g As X, 0 %
XoWE=va 23, ¥4 38 2 FAR AL 1

#Hato] the o] 2dET

=

T

ro N ok

ok

X,(6)=G,, A;,[4, cos{wAt, + A6, (1)}
+ A4,,5(t) cos{a)At1 + A6, (t)}]+ UNG; (9a)
Xy (6)=G, 4,5[4, sinforr, + A6, (1)}

+ A, s(t)sinfoAr, + A6, (D]} + n, (1) (9b)

o] 710 ], A6, (1) 9} A6, (1) = residual phase errorZ
Ztzb 2] (10a)9F 4 (10b)$} 7o) FHHW, X 0(0)
g Xy 2 Xy () & FIFLOE AHEE| B
A FEL2 AT AA Aolhe Zhe FUT A
ZZA 27 gk

AG (1)=0,5(1) - 0,5t — A1) (10a)
AG,()=0,5() - 0,,(t — AL,) (10b)

A QA () & FAF WRM RS
B RAoE FARY F5 AsE AT ol

Gk $A%Y ARE 387, 734 EY7) 2

714 Y BEE EgG FAF QA Y o] 5L @
1) gkt

oAl 4 (99 A WA I3t wiAY F2 Fgol
HIate, 5 WA T A3 HFHEE, ol F
3 714 oMol A& &H|(SNR: Signal to
Noise Ratio)E A28  Urh & s=&odMe A4
e 24 2 4 A5 SAHY 54E o83t
7] 93k 4 (11a) 2 (11b)9}F o] F3 GGlA
o] ARG 23lo] SNRS AT, ojn) Akt
g A5 7SS TX leakageo] 93 Z&HTh A
P Aong Aasy AFdY 4 Ft d
o] g2 vEskA adth

jf " ®{d,, s(t) cos[wAt, 1}df
SNR, ~ —

o
ff L DA, cos[wAt, + A0, (1)]}df 1)

If " ©{4,,5(t)sin[wA 1}df
SNRQ ~ HfL
jf DA, sin[wAt, + AG, ()]}df (1)

of7lofM ®f } = WY ZEA A AY UE 2HEY
oz Ay zZeA A9 A7) A# 849 Fourier W&
e gudn), oM & & dFo] SNR @ Ay
3 A o) g wel ke S 7 Ao
B =FoME SNREC Hart He ARE 9
w0 AZZ SR &, A (11)eA
SNRZ}o] HAavt HE 448 A¥EY U3 2
o WA, RFIDAAME FF W P& AHSstER
2 (19 BRE SA0 Hu7t 2 ¢ glon, oAy
o] m ¢ A5yt HA SNR, 7} Hujrt €1, oA
7} 2/29) £ w7t F@ SNRo 7L Huyprt @k
w2hA, RFID 26179 B27171 19 Q A8 <] A
S Mgty 7S, A (1A 444 gl
a7t HE AHE oAy} n/47} HE A ST
nkZ7EA 2 SNR ol Aavt 7] A e R
A A Ao 93 A&l Huzt Hojok R
A (llayl A oAt 7} /29 E5 97 HAY,
2 (11b)dl| A @A 74 7o) A w7} HE 9ol
t} olAtel F 7bA) ZAe] AYste AS, B &
%719] SNRo] FHagto] "tk olA o] 274A] A&

1247



SETUEBERE H10% B11 5K 2005 1173

7t st H A SNR(SMRyy )3HE
o)

R e s

el
2 |7 @fs(t)cos(z / 4)}df
SNRM[N z(‘AM] “;L I

A, o,
voo | ekewly

olA 2 (4% (62 A (1) KA L, 9%
A4 Aol dis) Helatd o 2ol 9N ¥
AqAY A& AL Treverse T T3 20l A=

1/4

4| m*G2G2 I;LH CI){s(t) cos(/ 4)}df

rreverse N
47| nSNRy, j;f AT

(13)

2 (13)914 residual phase error A6 (1) &= At 9
w2}, & A 7ER7 eSS 3R 540 A H
£, ©]2 Folr &) ME range correlation &3
2}3 22t} Range comelation T 3ol <8 4 (12)%}
2 (13)8 £29) 3 v 22 Fug 2HEY
< ZH gt

O{AG, (1)} = @{Aﬂw (O =Gt — A1)}

=®{8,, (D)} 4sin’ Q7ALAf,) (14

A7V A, A= offset FHFE YERH, AL E
LONZE S} TX A A3 7 32 2D A 7S e
Wit} 4] (142 E3) RFID 933k P Ao AE range
correlation 7ol €13 YA A&o] E 7+AE 4 3l

29 % 9

£ Ao 24 fEY S4T % A
o ol %

A 3

Abetal, Zh2ke] F2 %*3% BAE1A gt dA
AEgolA FetnlgE 71est, A (13)9 A
T3 e g2 A5 FAAE 94 Fedl
PSD A#E 3 & =F9 /Mol 8§32 A%
3 oG, e 912 Aol Qe Q1 A E Al
By ol st 11 EAL ZE3L

P

1248

B 1. Q4 A ALE A% ABAIH el

Table 1. Simulation parameters to calculate interroga-

tion range.

Parameters Values
Center frequency 915 MHz
Transmit EIRP(#rxCOr) 4w
Target SNR(BER <107°) 116 dB
Tag’s power reflection coefficient( ) 0.5
FMO data rate 160 kbps
Tag antenna gain(Gr) 2.15 dBi
Filter low-end cutoff frequency( /%) 10 kAz
Filter high-end cutoff frequency( /) 320 kHz
Tag threshold level( Frer) -15 dBm
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Table 2. Phase noise power reduction effects of LO due to range correlation effects and comparison between the
thermal noise and TX leakage noise power(4 W EIRP).

] ) TX leakage power
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80 10~ 160 -1222 —46.4 =799 -99.9
160 10~ 320 -119.1 -42.0 ~-177.5 -97.5
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Fig. 5. Forward-link interrogation range of a UHF RF-
ID system.
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