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Extended Abstract

SPECTRUM AUCTION SIMULATION ANALYSIS
Author: Sheng-Nan Gwo
Advisor: Wen-Tzu Chen
Institute of Telecommunications Management, National Cheng Kung University

SUMMARY

The 5G system can realize new technologies. The realization of innovative applications
requires the support of 5G frequency bands. For this reason, the 5G spectrum resources are
even more precious.

This study will start by reviewing the measurement method of spectrum value. The next step
will review the auction forms and auction experiences commonly used on
international. Finally, this study will review Taiwan’s spectrum auction experiences to
facilitate the setting of revenue and cost models. With these models, the simulation can be
started. The purpose of simulation is to explore the bidding motivations of telecom operators
for license usage rights and use the results to infer the hidden real value of spectrum
resources first wave 5G auction in Taiwan. The second wave 5G auction will be launched by
government in the future. This study will also set up a revenue and cost model for
commercial applications of the new frequency bands and simulate the outcome. The result
of simulation can be used by future auctions.

Keywords: 5G Spectrum Auction, Spectrum Value Measurement, License Auction Forms,
Telecom-Industry Revenue and Cost Model, Auction Simulation

INTRODUCTION

The 5G system can realize new technologies. The realization of innovative applications
requires the support of 5G frequency bands. For this reason, the 5G spectrum resources are
even more precious. The 3.5GHz frequency band is the earliest frequency band released by
5G auctions in various countries. Compared with other 5G frequency bands, the business
model is more mature and stable at 3.5GHz. The cost of spectrum acquired by telecom
operators is escalating.

This paper hopes to achieve the following objectives: a) To analyze the characteristics of the
spectrum auction mechanism commonly used in spectrum auctions by nations. b) To review
the relevant literature on spectrum value measurement commonly used. d) To derive revenue
and cost models. ¢) To write a program simulating the spectrum auction. e) To analyze the
simulation results of the actual first wave of the 5G spectrum auction in Taiwan. f) To

simulate the second wave auction bidding results.




Economists, analysts, and policymakers usually use three methods to evaluate the value of
the spectrum. These methods are Market comparable analysis, discounted cash flow, and

Econometric analysis. The discounted cash flow method is mainly used in this paper.

Economists Milgrom and Wilson designed the SMRA auction mechanism in 1994. The
SMRA auction mechanism is a multi-round auction system for a single commodity or similar
commodities. SMRA’s dynamic bidding process is able to disclose the auction information.
Economists Ausubel and Milgrom respectively proposed two auction models in 2004 and
2006, which are the prototypes of the current international CCA auction system. The Ausubel
auction model determines the participants’ income using opportunity cost.

This study reviews the auction mechanism results and experience in the United States,
Europe, and Taiwan to understand the market allocation efficiency and government auction
revenue of spectrum transactions. The United Kingdom used the SMRA auction mechanism
to achieve outstanding success in the 3G bands. In the 700 MHz spectrum auction conducted
by the United States in 2008, some bands adopted the SMRA mechanism, and some bands
adopted the CCA mechanism.

RESEARCH METHOD

The direct bidding method is the dominant strategy for SMRA auctions based on the value-
independent model. Bidders simply choose to bid on those items that can bring the most
value and bid with the smallest price without worrying about the bidding behavior of other
bidders.

When the future cash flow brought by the license is positive, the operator will bid. As a result
of the direct bidding method, the study defined the evaluation of the license in Eq. (1).

FCF,

£ a+nrt M

vi(Sk) =

FCF; denotes the cash flow during the operation period of the license. y denotes the
operating period of the license. r denotes the annual discounted interest rate.

Operators will consider the value and cost brought by spectrum licenses in the future. If the
value is more than cost, they will decide to bid. This study mainly considers the following
key indicators in future cash flow, including mobile communication business revenue, NB-
1ot business revenue, base station construction costs, software use costs, and operating costs.
With these models, the simulation can be started. Fig. 1 shows the auction simulation
algorithm. The first step is to set the number and names of the bidders. The second step is to
enter every bidder’s auction budget. Last step is to enter the total supply in the auction. The
price of the current round is determined by SMRA auction mechanism in each round. The
dominant strategy for the bidders is the direct bidding method. The bidders decide to bid



whether their evaluation of the license is greater than their budget. The demand quantity of

each participant will sum to get the total demand. The mechanism will compare the total

supply with the total demand in each round. If the total supply is more than the total demand,

the auction will enter into next round.

Fig. 1 Auction simulation algorithm

Algorithm 1 Auction simulation

Input: bid agent n, quantity of auction items S,
Vi=(v1ye 0 e V3o o o vy)

Output: agent bid price by =(byreye «« bigee s+ bppe).

Di=(Dj},...D!,. .. D), bid rounds t
: initialize bid list;

add = make a higher bid
bikt = bixe + add

bid list =(bykt,...bixt...bnke)

¢ bre = max(bid list)

7 if v;>bg then participant decide quantity need
8: D! = vibixe

9 sum all participants quantity needs
10: Di=32,-.D;,
11 end if

: for i in range n do participant decide round bid price

agent reserve price

agent bid quantity

12:
13:
14:
15:
16:
17:
18:
19:
20

if Df > S then step into next round

participant decide round new bid price

by = max(bid list)

D! = v;b;

sum all participants new quantity needs

Di=3.1D;,
else auction end

record final round bid price and quantity every participant
end if

21: end for

SIMULATION RESULT

The first wave auction’s simulation result is shown in Table 1:

Table 1. First wave auction’s simulation result

Table 1
$100 M Chunghwa Taiwan-mobile Far Eas Tone T-star Asia pacific
revenue 3191 2132 2112 795 578
Base station 1715 1302 1317 933 670
software 149 113 114 81 58
operating 555 370 367 47 39
vi(55) 770 346 312 -267 -190

In Tablel. and Fig. 2, we can infer that Chunghwa Telecom has the largest number of users.

For this reason, Chunghwa Telecom creates huge future business revenue and makes its

assessment of the value of licenses far better than other operators. In the end, Chunghwa

Telecom won more bids than other operators and holds the most spectrum resources.
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Fig. 2 Line chart of bid record and quantity demanded in First Wave



Taiwan is a country with a narrow territory. For this reason, telecom operators may have
fierce competition to seize market share. However, Chunghwa Telecom, Taiwan Mobile, and
Far EasTone Telecom can all earn excess profits during their operating years. This result
shows that the cost of bidding for licenses does not far exceed the actual value in Taiwan.
The second wave auction’s simulation result is shown in Table 2:

Table 2. Second wave auction’s simulation result

Table 2
$100 M Chunghwa Taiwan-mobile Far Eas Tone
revenue 3088.4 2638.0 23744
Base station 1489.3 1130.7 1144.0
software 129.8 98.5 99.7
operating 708.6 6772.5 468.2
vi(Sg) 706.4 695.1 620.7

In Table 2 and Fig. 3, as the bidders have merged small players, the overall market size
difference will be narrowed. The increase in operating revenue has made the three major

players to bid more motivated.
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Fig. 3 Line chart of bid record and quantity demanded in Second Wave
However, the simulation results are still limited. On the basis of result, operators will use all
the auction budget to bid more licenses. The number of bids in the simulation are mainly

determined by the market size of the industry players.
CONCLUSION

This study achieved the following goals: a) To review two types of the license auction
mechanism (SMRA and CCA). b) To review experience of spectrum auctions in U.K., U.S.,
and Taiwan. b) To collect revenue data, base station construction costs, software usage costs,
operating costs, and the value of licenses of various operators. ¢) To simulate the auction
results with a program. d) To present charts in the graphical user interface. e) To predict the

possible auction results of the future second wave.
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L AGHEE R At e i N W T B A ¥ MR F ¢94G < BBU(Based-
band-unit)i& 7 = & 7 ¥ 5G NR(New-radio)* * BBU » j* " 3 “F 3% % a0k »
g2 S

(2) >R gA 3T

PELAF AT S 2RV ERREORERE AR B AT A O
o AR TR YDA RTFEHEF R PET AP E -

< %%[10]5'1’7?'?'%‘ Cramton Ei@?ﬁﬁ/’v\#‘rﬁﬁ w FCCp ¢ PCSHRY PR
#)##(collusive bidding)7i 45 1 < J&[11]:iF ¥ Hazlett 1 £ i -3 ikt FCC
R § 0 A AT I AR MG R R - R[12] 0 e
SRR E DR S R LR S LTS S R
l% & erﬁ,J o

*”JP Ao EF R 2EP o > g ant B GRS R NS



AEApi o REF R EREROEHN FATRE L > AL £
EEAREA SRR TS LR S S R R RS R ]
IR T R R RO U R AR RO A 0 B vt Gk AR
R R P RAE R AR TAR A G RERS L
FLFHREG BT S5 U ERe BN BT A2 I R
RAB T P E o FR R E R i@%gﬁ&%,g%%%m

oM EMEITRFE ISR ELE

S RAEDERT o @ ¥ R e ‘\A}vﬁi&—{ Sl EE S

ﬁ
#

2.2 #E#4p ;

FCC * 1994 & % = 00 4p ¢ 418 ch= MBI M B13]) 2 47 B84 2
Av\’?ﬁl%? FHF RO AR E R AR A EEE B8R R
FRAAPAHFT R LG ERFET pd S N BT RA L Lo

ER A 2000 £ R CMEHARHE > 5= 36) FREa
HoaaEd ke a H s YR RS “f‘&iﬂ B s RN - ZR-~FwEL$ o

ERFFRFIFIFRFIRAEFHpY S N REF PREF T RAOF s
fe o P ke w AR A A BRI B Y Y Ol IR AR S g b
4p § 72 (simultaneous multi-round auction, SMRA)¥£ & £ 484 § 72 (combinatorial
clock auction, CCA) -

SMRA dp ¢ #1 & 7 » S8 F ¥ MIFpEitdh 7 RAEEAP P R LR > S
WALE SR A A ETE T BRI AT NI R RRRER I
FRdpg SCCAHpd 4R & Fw £:2f7 > 27 3 SMRA hdp g = 5 o
stk b R R AR R S F T a0 fd BEEEES B
A3 5'F SMRA-E F|IRF AATHER IR ABPEFS R 5% BPHEIFTHE
g E o

¥+ Klemperer # 11[14] > #3#dp f #1R K 0a B2 & p RS Hoeg
Bot BT Beox it 28 RO P R T E o e RO R ik
Fdp g FUEE S s B SRR DT RIS ERFH RIS A TR
Lﬁ*ﬂdhbﬁﬁﬁ?ﬁﬁﬂW%%ﬁ’ﬁm%ié%mﬁ%%ﬂéiﬁﬁﬁ



FRHEE T R R P R A RS AR
”itﬂmﬂ SRR Sk TR

221 $w & A

SMRA 4 # #1 & 4 5735 % Milgrom {= Wilson #73% 3+ » 22 % FCC *t 1994

£ 30§ FP~ I SAA 4]0 SMRA Hp § 1R 5 4 EH - F 58 TR S
Sw Edpd HIR[15] -

% SMRA #1& & » S8 K7 e PFaRdp 5 SRR R R B v £

B NI RRERR S &E¥ﬂ*&%nﬁp$ > SMRA 3

Bk 4018 TN R A0 A FIOEE 0 8L R Rt gt )
SMmyﬁﬁgga%_a&#i¢%g~ao
SMRA er#+ fi SR8 4280 w3 e A edp % TR o EE W S & iy ., &

B REFT IR LATIAGRET A B G Bond A pe[16] o g
WRCAp AL o RFTE ¢ AR B AR AR B E[17] -

@%ﬂAﬁ%*ﬁmﬁéﬁi’&&ﬂﬁTéiiEﬁ&%Wkﬁ$%%
iR B2HA PRI ORRT R R PHAHF AL EE ST
?ﬁgﬁ*wix%’;€;§1§4“xH%E%?SM&hm%éﬁé%ﬁ
B OIRATH R F R E[17] 0 bldeF F & SG M E 0 3.5GHz & 28GHz f o A
PP A E - TR BRI FRE FEF NG EE
MR G RERDFIEFEREGEOR G EF LEY BT LA LB
E R P R EEL -

5% 2 RR[B]5][18] » Hedl sk 4e™ > F KRR B L S8 Fah g > S =
(SperSip e, S R 2 2 FERB NS &4 Nidfhd 228 29 K> N-
F P FHKERR RO S50 - B ESE Tv =, .., .., 7))
He vlz\T#z»#:‘%——"ﬁ%*%ﬁ@ 1enfp @ TR ES#Y 5 22E - FRE 3%
PG AR LEHBHRF LG - THE TS0 T ERART F ALY
e s My =04 m B M E o BRKF 3 iR 4R AN
NaZ 77 3 PARd > S~ S~ 385,47 4%{R > TEXBIEFREFF
()d (0,15) ~(0,30) -~ (0,45) £21(0, 60)4E 4 o > d T & 1 97 % 3

—=



01~ 3 Rk 4%*{%:% B 4 b
S1 ’% 5(vy) S ’% 'E'—(vz) S3 '%'\ B (v3) Sy '% B(vy)
N, 8 26 30 51
N, 11 19 41 58
N3 14 23 44 55
I oAt w £ i & - R R DK P=
P(S1¢), - P(Sit) P(Skt) £ Sie » WA Nz ww b R R R X (S)
=2 A P E R ERAE2 (straight forward bidding) % :

= P(Ske)} 7 if vi(Si) = P(Ske) > 0

2if vi(Sk) = P(Ske) =0

{Su = arg max{v;(Sy) (1)

Sie =0

Ve

{X(Sit) = P(Sy) ifS;; # 0 (2)

RSy =045 v ERfEFREFA LG E FRIFH

F ()5 &7 ’:'wﬁ%iﬁ EREEERFET T ERRT

193 R o

FAEA LR fleen

RN 22 2)F &7 AF B FRR T AR MR e
Q‘)P§J<[13]\C‘ , %‘fﬁ Milgrom £ Wilson P & #&4itthi2 & SMRA 3§ §1 & 5

kg o MN; N3 3 fiﬂ*%‘f’f AR RS, s M ir A TR ERRF TR My,
Fe T ?ﬂ*ﬁﬂv‘ﬁ SR E > 3 BEK4p ‘% EEAWE O KEEREE A2
5O

2253 PR HS, B R

V2 X(S21) | V2 X(S22) | V2 X(S23) | vy X(S24)
N, 26 11 26 17 26 23 26 24
N, 19 7 19 12 19 19 19 19
N, 23 10 23 15 23 23 23 23

VEE2VY B3N 3w AP N2 Ny I%

B < I% B o G‘]LL¢«»/ 4(@"@]5?5’.'13*%-

! Lo F Wd Nyrueg g o3t 23 ,41%’]0‘_3.

2R e

12] ],b IFB P\}L Zﬁ{%m

i 5 K 0 FIRUNE Ny 2 £



2.2.2 Ausubel #5 § %

AREN ] # Ausubel £ Milgrom 4 %] % 2004 # [19]£ 2006 # [20]4#& 1) % F&
4p ? BAl GRERERFR* S CCAp ¢ #10/R A > Ausubel 4p 3 #3148 €

SIS L & SR R h S S AR At S S S S s S

R REFRFRE LA IE R R S E SRR
fenidg o A SMRAHIRA § g ds ¥ LiFd v it gn g RELT

va £ o

Ausubel #3217 - B & *é'ti’?@” SR EEEH G wH A A
Flov g TR g L BRI AR R ERREA AL QIR ER
Ausubel &/ 3 ¢ #H IV LA E D R dﬂz B W g ehd BT FE ok
S B RER & 2308 D S

54 v pR[19][20][21] > 4 ¢ Bl Bk 40T g FRAZF SRRELE S
S FN=(Ny, . ., NDFFHFFEBH v edrat 5w i 5oy
AP FRLATEP . FEEANERRINGRIATEPE > §2Tp L7

s t [ E s 4 . | E b oy 2= IS - v
KEQ Bty R FRERNEFE LT RERLFHRT AT LD =

N . 7 7 s ~
i, Qs A Z#@%ff Fﬁw&%ﬁ&t?ﬁm@%$éo

(DF A4k RELE A NNy S ARG RE - F v 8
HEDRBL REANIEHE LR TRA L F RE > E R L AR
436 s g RE

S<Dt Q=0

F N
PEAITIRY W - R 2 | PR 3 =1 Y, oyt
XSS FERE TR RS SR LY m@“ﬂ°?@%@i
| 3 -y
R 28R : L LA A



PR PR TR A BRIy A RERES R A R
FrERELEFI SR oRBpR LT ow L T LATE R R Y
FEefFPiEg FELRRELELES 2L o

PAINpENg 3 R E AR AR S L 10 b AR AP &

Bk et D IPR A o Ap T £ 3R R
% 3-3 lf_a‘;»ﬁ— W10 Rz LEER

P, P, P, Ps
N, 8 6 5 4
N, 9 7 6 5
N, 5 3 1 1

B TR G PP 3 R RE R R S 220 AN
105k > Flptdpdier T-w & 5 F 3 HR G P 3c%ﬁimﬂ%ﬁ§ﬁ%
EEEAR Y S 10% 0 Fltdp g B R o NP HRE 45 0 N, PR 5
N3 11 Pyi%18 1 3% o

Ausubel F f4p § 0B 5 8 AT - flAR R B R B ATH 0

FER ARG FEFFRD L FRAIE AT ST - v bl
23 M4 | A

Gyt &Y RrAEEREM22E o R ARG DR BF 2 L%
TOfRAEHE R R P B AR B idp gk E o BRI SMRA i 4R A&
g 3GHFEEEE & 25 £ A 2008 #3277 700MHz L R4 ¢ ¢ 0 384
AEEER T SMRA 4] > 3R Bk ® CCAH] Felg % f RocH_L 7 o
B e U 30§ 304% * SMRA Jp ¢ 41

231 HEH TR

BWAEAp g T 0 AT R TR A R0 R
FR e ehds 5 o B ELIBL A ¥ B R F H kA "1”5?3 %K blde
2 W dp § 700MHz 9 B > § 1 38 B 1R it iR 0T T B R U B 0 7
“&mm&uﬁﬁﬁwgﬁw@¢WMMﬁz;%ﬁﬁl%’#fﬁxpﬁﬁ

B ER S
e
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BRAT T B e AR § PRARGD A 4 RBIEA  A RTE MR E S A o

A W?»%% LT BB A e EE A S A Fe S A
£ by B E L HI Y RBIEA [E 1 (FDD) 0 & K i I £ i B 4>
%l“m” Fedt bl 33 P b K AUBLA f d BT HFE > R A B R
FARUELA B L IT( AT —rﬁ@@?}) e
Fef R HETLR Y PR EET R F > TREYH € L B L AR
LIS

bl4e% B fdp & JO00MHz s gipf - A~B~C #2384 D %4 5 fe g 6o
P8 D2 E R A R EL o L R R DR S ] -

W

zm'%’#ﬁ?\z‘&?/& m 2t

232 ARAHRFHHE L

Bo1994 Erik s FREFE S i g o LAY B3I ALp e
2008 4 § ¢ TO0MHz s sl BB = 54 < RR[A1F 3 enTofs » 2 =
f 4ol 3 7m0 FCC AR 317 1100 3644 R » & 5834 BB 4 5 038 T B
A%HIERHN ’ﬂ@#%ﬂmmﬁﬁm%ﬁﬁﬁﬁam,ﬁ%ﬁwﬂﬁ%*

ERPFTOEMEEY R R AR AR A T AR EFL RIS

757 763 775 793 £05
A B G D E A B ® (e Al D B (& FN' 1 Public Safety |}
CH. | CH. | CH. | CH. | CH. | CH. | CH. | CH. | CH. |[CH. | CH. | CH. | CH. | CH. | CH. | CH. | CH. | CH.
52 | 53 | 54 | 55| s6 | 57 | s8 | 59| 60 | 6l 62 63 64 | 65 | 66 67 68 | 69
698 4 710 16 122 728 T4 740 746 152 758 Tt 0 76 .2 788 794 B0 BO6
N AN _/
v
LowER 700 MHZ BAND UpPER 700 MHZ BAND
(TV CHANNELS 52-59) (TV CHANNELS 60-69)
Block Frequencies (MHz) Bandwidth Pairing Area Type Licenses
A 698-704, 728-734 12 MHz 2x 6 MHz EA 176
B 704-710, 734-740 12 MHz 2 x 6 MHz CMA 734
c 710-716, 740-746 12 MHz 2x 6 MHz CMA 734
D 716-722 6 MHz unpaired EAG 6
E 722-728 6 MHz unpaired EA 176
C 746-757, 776-787 22 MHz 2x 11 MHz REAG 12
A 757-758, 787-788 2 MHz 2x 1 MHz MEA 52
D 758-763, 788-793 10 MHz 2x 5MHz Nationwide 1 *
B 775-776, 805-806 2 MHz 2x 1 MHz MEA 52

B 3 ~ FCC 700MHz %, B 18 11 5.
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L“'irﬂ*{ﬁ@#p?%}]ﬁ’“ﬁw#ﬁl% 43 FCC 1 # SMRA'FF#p? 5 dax]
FRb o i CEH #]a'% P 3* CCAH - CRBHBHA = BF ks
AT B EERAINS0BY > Ehegd ENB ¥ B
ERERRFAIF LA A FEL LT B RES  ERE2ERAR ¥ =
BEMEBEEME R AEL  EALE AT AR ER QRN
FERFrZ2RBEARLENEY - BRBEFRE 3 0
FERBPEY cCRBDIRA SR B Y VBT BN
(Computational problem) > I P £ -3+ T f2 ] 2 K 4 fc 2304 < A X H F #7
b e

FAERAEES %§]w1%%£ﬁﬁ%vj%%%9ﬁ%ii
101 33 Fen@ G FER - dp g 2 TR T R A e F s
3G:fw%dwz%gé@ﬁ£’ﬁLJua%r AXEL CFFIMY R
SRRE R F R EEH P P A {10 B RGE

233 ¥ FMHH § 2

1994 # FCC # {7 g s 4p % EEE <~ 2518 2K+ £.2000 £ 12 SMRA
FIREGFRF P - 2RLEEI 4 ERTR % i Orange ~ Vodafone ~ One-
2-One fr Cellnet “F % & » ¢ ¥ 3G $4 F& TO0MHz 4 £ %12 4p § %) 5% el >
EEFAOREIFL G I B ik §i[23]

BRUEE L (Ofﬁce of Communications)#- 3G #f fx #-4 2] 5 5 B 7+ F +

Jé(A~B~C D E) Bt 75l gl - £ @ﬁ&%%UH@
Eir@ﬁ&#ﬁfﬁ?'fﬁ""géi*ﬁﬁlﬂ'éﬁai‘ﬁ°ﬂ“ v 5 0 Bl A AT AR
%"ﬁ P AR R R G ATE '}lr- FAEHME - A RY 2 x 15 MHz e
Wi SMHz thi e e 5 @ P B ¢ 5 2 x 15 MHz cfie 47 52 ; &
IR Y 5 2% 10 MHz shfie #4550 82 SMHz A e I £ fe o o T R B 3%
F IR e SMHz chfe ¥R RB R B A E B HR o P RIELRERS -

L 150w & chdp g 16 BAE 4 d Vodafone 4 60 #4517 > @ Orange-
One-2-One {r Cellnet # %12 40 BE&EPF C-DE EAFEHAR > » AL
SRS AT X TIW 1 45 REBET -

Ik /‘Jc[23]me'f§ Binmore {r Klemperer 4 47 ¢ =t h3 & 3G 44 ¢ »

1«
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Sdp g A WRFRASTEE T 225 RES T o T ASFER R FEATE
Ex i3l LS BARFARE » T ALY HREkE s 5%
R RS O RHRF AR FRARpEE T - BAFRI RS R
AR TR G AT A e o

234 MY

voE AR R A F endp f 2 SR EERP SMRA 4§ HIRE
7o XDRREFRBP G FIRDIH > S8 BHBR N FRI SIS
(-) 3G#HEHE

2002 # 3G B F d LAIMT Z AR LI SMRA ki > SR

S&E*iﬁﬁ’si’m@]mM%ﬁﬁp?: RS ER- F SAN S AL
WED FEUE L c R REd P ETE WML CRBRT L (RB

@) e ;;‘?w’%ﬂ’éﬁwﬁ?q'z_%ér_ZIOOMHz%Eﬁiiiﬁx P RHPBoA TR R
1518 2t 800 MHz #FEcfi iR » 4 4 k8- ¥ H T HRME - ST -
A4~ SR CHBERFEERL

TEEF | REES %%ﬁ. Cr s
® 7 | 2100 MHz 101.69 7 2x15 MHz + 5MHz
BT 2| 2100 MHz 77.0 & 2x10 MHz + SMHz
ERTE | 2100 MHz 102.8 2x15 MHz + SMHz
S4B+ | 2100 MHz 101.7 & 2x15 MHz + SMHz
LT +% % | 800 MHz 105.7 2x20 MHz

TR R RNCC 3G $4 PR 4p % 2100MHz £ 800MHz

(=) 4GHRHE

¢ B E - I 4G TR Y B SMRA F1A £30 2013 #2570
S5 B HWEER > A s 5 700MHz ~ 900MHz ™ 2 1800MHz > = % %
FAE S & fRH270MHz s 5 =+ £ i AH 5 Y BT R 2@
SR CRA L AE Lk FAGIRBT R L L
L Bs S REF A NBE 1865 AR s 2 A AA R 5 33
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]’o

S EHP I EFERAME S R BT EERERE
25 084G5 - AERES
CREE PRATE | FUR B AR R &4
PER R 900 MHz B2 10 MHz 33.20 &
1800 MHz C2 10 MHz 100.70 &
1800 MHz C5 15 MHz 256.85 f&
&3 35 MHz 390.75 &
BT 700 MHz A2 10 MHz 68.10 &
1800 MHz C3 10 MHz 127.90 &
1800 MHz C4 10 MHz 117.15 &
&3 30 MHz 313.15
S B < | 700 MHz A4 15 MHz 104.85 &
1800 MHz <! 15 MHz 185.25 i
&3 30 MHz 290.10 &
R AGH5) | 700 MHz A3 10 MHz 68.10 &
900 MHz B3 10 MHz 23.70 &
&3 20 MHz 91.80 &
TR 700 MHz Al 10 MHz 64.15 &
oy a1 900 MHz Bl 10 MHz 36.55 &
FTAHLACGRNCC % - 4 4G # P dp ¢
2015 # % = PR eH4G oo B R 5 F) WIMAX £ 7% & 5 488 bk )

#4 WIMAX PRF%#718 * 0 26000MHz #F £ > %8 45 % 5 190MHz » 112

SMRA #1244 # &%

6% @AY L Dl 2

&ﬁ;%aﬁ#kﬁ&o
B R H
i %ﬁﬁ Rl

5% gL 142w &0 43@;&:'1&&;
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%6 LBt A Y L EF ORI R A aERE Y BT
Ho~ 17100 B LB~ 18 D2 &7 D4 HE > L £F) 6OMHz 5 F iR - 2@ T 310
913 B AP~ D3-~D6 4L F £+ 6SMHz#E % > ~ %2 & ™ 66.15 fa ~ 3 {# DI
#F % A40MHz > T = 3 21 2225 i~ £ ¥ D5 48 & 25MHz o

26 SAG H - A BRI
%

TREEF | AREWL ER £ EARAE R
¢ ED D2 - D4 101.69 i 60MHz
BE D3 ~ D6 102.81 65MHz
e DI 101.79 & 40MHz
EER D5 105.70 & 25MHz
TR KRRNCC % - it 4G #14p ¢
CHEEZ AR 2017 £ BB NCC #Ex B34 5 ISB R 5 B
FH.& 10MHz > H @ 1800MHz #FE |4 3 B % C6-1~C6-2 &2 C6-3 %
30MHz > @ 2100MHz 47 £2 3]~ 5 12 % 3. EV] T EVI2 £ 120MHz - o ¢ ¥

’

RES DR SRR T

EdEw X X 38w &K

TREREREE MS'?\EFLFrrﬁviiz}k’o
Tiso B s Hd Iﬂ,)am4%'rfhxé'x ¥ Fl(p‘ b

CACR A RBTEE SR E)FR LA T EREERY LRSTAET
i i ;ﬁﬁa > @ 1800MHz at;w;v* » C6-2 7 C6-3 Fl| A d1 i A ik
% 7 Béptadpd k2 ﬂ R TR~ £ RE > Y BT
86.65 fﬁ;uﬁ;—- 2100MHz H 4 B F ¥ 2 7 227 B ~® 1800MHz 1 B %
B L2EF7 58010935 s S B L B 86 fﬁﬂ% 2100MHz 4 i
FHGBRBT 06515 B 2100MHz 03 B RS S8 & 12215 R
A L8 1800MHz e 1 B F #a o
27 5BAGEZ A ERES
T EE HRAFE | R EHK AR B Hi 2%
PET G 2100MHz | E9 % El12 40 MHz 86.65 &
1800 MHz C6-1 10 MHz 227
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50MHz 109.35 ix

b,\
v ¥

oA%< | 2100MHz E5 % ES8 40 MHz 86 T

BT 2100MHz El & E3 30 MHz 65.15 &

o 1800MHz E4 10 MHz 22.15 @&
FTALRIFENCC %= 4G AR ¥
(=)~ 5G# & 3.5GHz 4 & 4p ¢
o84 # 5G 1 3.5GHz #F 5.3 ¥ SMRA 3 g FE TR R BB g
FT#cE 5 270MHz > * H = HBAE 5 IOMHz > £ 414 5 27 BEH = 4oF)

_—

)

4907 o SRR @mmf#ﬁﬁﬂ%m'\;%+%%\@@%¢\ﬁsa¢

% \.:'/%1._ ’ ":u;}ﬂ%*ﬂ‘é}",ﬂi R E o

3.3 (FMER) 3.57GHz

3.5GHzSHER

#9410 MHz X 274
B 4~ 3.5GHz f# 1147 &

i 27 % 0261 w & ik 0 3.5GHZ B SR B % I RRIE A
5136433 ATS N 0 ¢ T 2B 90MHz 4 E 0 @HRH 45675 B i
4 80MHz - 1 406 B~ ; 54~ 8+ EF 60MHz  F4# 3045 &
D o2 BB 40MHzo @HE% 197.08 B o I T e 0 F R
P EFie35GHZ £ e b ive K- H @R A3 5 5075 o B AT O

BA5.6 % 0 & EH @R AR AR S T -

Rl

B 8 4E 5 270MHZ
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31 Fg%H#

j\éﬂg‘ﬁi‘]’SG’iﬁ;ﬂ-am35GHZ#p?{}l /Fﬁ?ZIEE' » 7 = SMRA 3
%aa§%¢% LR LR L PR TR By e
ST R CRESSIS ST, wa’@aié%ﬁﬁﬁﬁ@
lgv";gjigt(rrﬁvxﬁ' %ﬂf:zl»fg ﬂ{\ﬁ_’dﬂq SIEE A A IR Y A %@%\' *)fs o

&

5 e L
2}%:1 AR IR TR A K 3;9}%:3‘_ AT TR %
PRGN = ﬂﬁﬁag %pu%‘ AT
3248 % Rt

POERLRP RRE EHESH G s 2% Fm b SMRA 4§ 41
E AR Y ¥ L ?ﬁ'fz‘fﬁ»ﬁ.ﬁ B o REEP S e T e e Fod o

321 e 3E

TEFEEFEOETARFREE SV AS SRA T REDPE R
B4 #EGENIELRCENHET BT RE L DAY L E
PR apbREpR3EVRES A N3 T AR DRI HERE R

4

BEESANAEEER HEEEE

6 ’iﬁpﬁ‘/ﬁl*’z‘i’sﬁ TR
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Bl6#7eha 282 FHAT  LEFF LAY c RAARBELELF D
Felt > F EXFG IRBEEARS > BEAL SRR RN e £ X
i FOMEE TR B REE
o BB R AFE S AE S i%hz%_’%ﬁ%?ﬁ’*

RHHET

J:}'@JE. E.;?H?ffiﬁ—;\ﬂxmﬁ’»

T
A8

ETIS

ﬁ%ﬁﬁﬁﬁﬁﬁﬁvK%Aﬁ,mméyﬁiﬁﬁﬁgﬁ P
FRE2R I DAE SR BARS B AT RR I DEFF LI PR
Bae & o P B AR U S AP E B s A o

322 #RISHELH § Kk

ﬁ,ﬁﬁﬁﬁﬁ%ﬁ%i*iﬁfﬁw%@ﬁ; ECEE IR A
7y A - SR PR N R (valuation) B o i & 71 AE AR § B AT B E
T R CHERE - BERABE  H A RE AR 528 Sk il

%ﬁﬁ\%@ﬁii%gﬁﬁﬁﬂﬁ&%?’%iéﬁﬁﬁ%iﬁﬁéﬁi
(WACC) » fe 445 % 8 0y 31 3% 34 B e B (NPV) - - T 5 3% 3% 5 B
R L i F B o

£F o e Rl T i f Bl orib i LR R IR
e pdp g ¢ n% FAl > R T U IGER B L AR hE R R0k o ?iﬂ“ Milgrom

\

tt’;'/ﬁ%[l:ﬂ“ FNEEAEIRE T 2 EP AW RiFH 4 m#ﬁ]? IS S A= g
HCHRF FRER Ls?fém%ﬂ" 30 Rdpd g kg Kﬁ’sﬁ »iene § Tong &
¥ gr[25]% H# A 2 3] (private-value model) o 3R E B i Hh & o
hge ’ﬁ%%—?‘,‘#?r.ééf:".i%ijg [ AT E p Ry #V'Frﬂ'”f%i EHE S BEK
1% (dominant strategy) » = #i% ﬁ EIEFTHWB ﬁ%#%ﬁ MRk iTe o NEYRETE

Bl p L R
54 2 k(131 [15] [18][26] - 2 i = #C3I A AT > E #&4kihi2 & SMRA

g R R T AEREFIL S S 2P

FoSEHE AR ERH AT FORRT A SR B < § E(value > %

P AR O B2 S SR E S A A )R P R TR 3 T

PAp R e FE g L e g R R B R R E B R AR S
BEREE AR EHNER SRR E R RIS NP = (P o Pne)t #

x\”\
A
AN
>
e
%
£
7
ar
3y
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Ao F BB EF G - BRGNS 1 by(w) =
(byx (1), - nkJ%J)aﬂ"T@WIWAtwbéhwi*f*ﬂ%%°%ﬁiﬁﬁz&

U N B SR BRI S PR 2 R ST 2
7 e (5):
70 = ) v = b )
s=1
Flt 0 BiE R T E AT S0 §EF S AR kA kR

EME LIPS EFRERERE A ARRENEILEITIRGE A ik LR
3,

FCF,
vi(Sk) = Tty (6)
t=1
iﬂ®6’ﬁﬂiwaﬁ% FYFF krm e mE o yi 7 2 AWYE
E kT R EITRANF o
mEEFRBAOARRENE e L EFRRDP T g 1,:3&4%:,\*\%\, » ] g
FCF, ¥ rl 4 71 %
FCF, = — Cost (7)
AP omE T TR EEENRL LY ERORY o Cost &1 &G

ER I R A A Al R e & kAR B R Rl
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Csystemt = C1t X Qmacrot T C2,t X Qumicrot
+ ¢3¢ X Qpicot
F(10)? o Copsteme® 7™ 5 3% % B MR T2 5 gk SRS 4
Cre# 7 m 2 E RSB AEP SPE 2R Quacroc 7 » AN AP S AFZER
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Coupport =CscthUIt+ Cac,tXQSimt (11)

S ()Y o Copporee % 77 5 378 B BMAE SRR Y 915 0% chirt a2 &
Cset % 70 » 72 F RITHII0M nH =1 Quzﬁ\ T EEEREVISEE Y R
CactF 7T » 3% & K sim + 08 3R 0 Qg & 7 5 3% E R R * sim + g
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Coperationt = Cpet T+ Cpet T Cweyt (12)

’7\"(12)‘:l ’ operation,t%"":r‘ %‘F’;’&&ﬁngg\' ~ Cbc,t%\"/:l" é;éﬁ}i'\;{%ﬁ‘
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LR AT RSP dp 8 B TIR B P AR 0 2R SMRA & R
v & RATSMRA Jp ¢ 418§ R #Fj?mﬁn—-‘f‘ﬂ'éﬁﬁ?
RS R RS PR E RO ey

4.1 B E B

% 8 H - HEIRHE > @ * python V.3.10.4 > i * random £ python i %8 ;¢
FERHHEAR D EFHcE o £ @ * Tkinter 27 @& * 5 B2 4 o K" ™
Immmméﬁﬁiﬁﬁﬁ&ﬁﬁﬁ%uﬁﬁﬂﬁ%ﬁﬁ%%?ﬁ@%ﬁ@6°
F 8~ W RB
R 2

® o f84=7 : python V.3.10.4

® ;U % i2:python 2 48 3 3¢ ~ random -~ tkinter ~ matplotlib

Tkinter £ & B & % ¥ i@ * cfF @k it & Linux £ 4 ~ Windows ~ fv Mac
OSX st # 7  2ified B EHER > FERYBERE > TF - &
AR EERdp R P 0 BF @ % ch 5 Tkinter ¥ dcommand S 5% 0 #-p TE S
7o~ command &3¢ 0 4o Rl 8 T H] 0 WE B ANAE (7 0 (S -5 % AT > Tkinter
RKirehig * F i @ o

def hit_button():

window_simulation = tk.Toplevel(window)
window simulation. geometry( 83@}(?5@ )
window_simulation.title( 155555 S nm &50015 ")

star_buttom = tk.Button(window,text="/" %" command = hit_button)
star_buttom.place(x=350,y=220)

Bl 8 ~ command & ;¢ ﬁz =2
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RéflRpd sdids o 2 REv L2 phf ok
BB FRT RE ol o FREREVRRFTRE PR ErT-ow
ELFHRFREIENRELE R FEL

FRRAp g ARW R Y BB R 7 4o 10 #7F 0 f 45AG ¢ K o0 For w B 5
R eE Ll w SRR R R ER RS S R
EEEE  REBY 7T ALY 1 Fehif e B2 &4 ¢ 2};’?11% REAE=3 %7 2
2R FE NG L3k gj«;—-ﬂk:@ﬁi M E DN A I PR R
Bk mEEAE I2F1% I8F AR EHERELEEERT RE2 Bl
AT dpd LF R o

Algorithm 1 Auction simulation

1:
2
3

A

o I

= = = e e

15:
16:
17:
14:
19:
20:
21:

Input: bid agent n, quantity of auction items S5, agent reserve price
b’k={!.‘1 TR -t.-lt.-i = @ ?.-I-"]
ﬂutput' agent bid price by, =(bypsss«« bijges <« b)), agent bid quantity
=(Di,...D!,... D). bid rounds ¢
uutmllm‘: bid l]:-:t._
for i in range n do participant decide round bid price
add = make a higher bid
biri = bir: + add
bid list =[b1“,. bkt . .LHHJ
br: = max(bid list)
if v;=by then participant decide quantity need
D = vibige
sum all participants quantity needs
Di=%" _ Dt
end if
if D; > S then step into next round
participant decide round new bid price
by = max(bid list)
Df - '!.Jib!jl-t
sum all participants new quantity needs
Di=%" _ Dt
else auction end
record final round bid price and quantity every participant
end if
end for

Bl 10 ~ 42.3% Jm #5245
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B 1l nb|FRP REEA S TELI % 1170 L7 SMRA F] R E(74
wEHE BRI g SR F R SRR FIREE R BRI E Y R
Hete 2 SRR P RE TR P33 2 AT A R TL ST S
— AR RN AT CRF R eEL AT FE A D P ET
;;,x% BB L33 pE D SHZE NG o

B SMRAHG ¥ - F¥r & HRETF FEFHIRBFFL A B
TR PR DRAE A o B0 FOR i Bl § 45 v & B g K4k
@%ﬂ&iﬁwﬁﬁm&$&%$%é$%@o

fon
¥

9 lower = 33
1@ upper = 47
11 import random
12 rd =

1
13 el B 1533 BT AT - SE R B S

14

15 while True:

16 bid_list = []

17 for i in range(5):

18 add = random.randint(lower,upper)

19 bid_given = bid_price + add

20 bid list.append(bid given)

21 print(f'Round{rd} 2%&:SFEEFEEE: {bid 1list}")
22 bid price = max(bid list)

23 print(f'Round{rd} z%&e{+iEE{E: {bid_price}")

11~ SMRA 4 § © sk & i 45 % 45

e i@ﬁ@ﬁ’¥$%ﬁ§k%«¢wﬂ,g¢%£%1 SRS
SMRA #[i&{74c iy 5 F 2 » FRFRIPHENRELE R d gd > Lo
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57
58
59
60
61
62
63
64
65
66
67
68
69
70

unit_a = budget_a // (bid_price)
unit_b = budget b // (bid_price)
unit_c = budget_c // (bid_price)
unit_d = budget d // (bid price)
unit_e = budget_e // (bid_price)

unit_sum = unit_a*units + unit_b*units + unit_c*units + unit_d*units + unit_e*units
if unit_sum > 27@:

: PEEE{E{E{unit_a*units}, A EIAIE{unit b*units}, #{#H{F{unit c*units}
fo {unit_sum}")

print(f'Round{rd}4H|
print(f Round{rd} &
print (' FHEiE—2")

else:

i :: PEEL(Z15{unit_a*units}, 5 A B A3 {unit b*units}, #{#H{F{unit c*units}
: {unit_sum}")

print(f’ Round{rd}' [
print(f'Round{rd} %
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i
%9~ %= A iFHUE Z(3G)E (FH R (AG) Rt = Fd TR

£ | FZAEFHEGE6) e RHUAUG) | 3GE A | AGE A
95 203. 9 9%
96 524 23%
97 922 40%
98 1379.9 60%
99 1742. 6 75%

100 1989. 3 86%

101 2185. 9 95%

102 2168. 3 88. 3 94% 3%

103 2308. 4 765. 2 100% 26%
104 2008. 4 1932.7 8% 52%
105 1313.9 2059. 9 5% 70%
106 804 2528.5 35% 86%
107 362. 2 2922.7 16% 99%
108 2914. 2 99%
109 2948. 1 100%
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£ 105G * = #iER

ER | PELIR | oBR | RBTE | oFZE | L2 RR o A
1 32 21.3 21.2 8 5.8 3%
2 149.1 99. 6 98. 7 37.1 27.0 14%
3 287.6 192.1 190. 4 71.6 52.1 2%
4 383.4 256. 1 253. 8 95.5 69. 5 36%
5 479. 3 320. 1 317.3 119.4 86. 9 45%
6 628. 4 419.7 416. 0 156.5 113.9 9%
7 724.2 483. 8 479.4 180. 4 131.2 68%
8 862. 7 576. 2 571.1 214.9 156. 3 81%
9 969. 2 647.4 641. 6 241. 4 175.6 9%
10 1054. 4 704. 3 698 262. 6 191.1 99%
11 884. 0 590. 5 585. 2 220. 2 160. 2 83%
12 649. 7 434 430. 1 161.8 117.7 61%
13 351.5 234.8 232. 7 87.5 63. 7 33%
14 181.1 120.9 119.9 45. 1 32.8 17%
15 159.8 106. 7 105. 8 39. 8 29.0 15%
16 159.8 106. 7 105.8 39. 8 29.0 15%
17 149.1 99. 6 98. 7 37.1 27.0 14%
18 149.1 99. 6 98. 7 37.1 27.0 14%
19 138.5 92.5 91.7 34.5 25.1 13%
20 138.5 92.5 91.7 34.5 25.1 13%

.87
% R A AG SR B S R RMR AT SG B R E R TR

RS FL Ees S s R
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7| 700MHz > % — L fR e B i % 5 & {8 %IRTE 38%:ni * F (% - ik dp
‘g 41 270MHz » %) 38%) » @ % = L RATEIRTE 62%:hi * K (% =
3§ A 4 430MHz > 6 62%) -
Fted LI SEEFREEH 5 - ARBFPENEES RZROY 055

1%%’W*%6&%%&ﬁ@’%ﬁw$%%53@éuhﬁ“& T i ;%

b D e i TP 999 At A2 R o T bk 10 ERRA R 0 F %

MR 5 5% B E 3 50% 0 B s kR oA LA A hE S ]

B L FFDE - ARROEREAERY ik 1] Hon

2 115G fAdesd A £ 534 e g
ER | PERR | 2EF BBETE | o#2E | TFRE (Ff0 S| PR F
1 383016.6 | 255847.9 | 253546.2 | 95412.5 | 69410.5 | 100% 100%
2 | 1702296.0 | 1137101.8 | 1126872.0 | 424055.5 | 308491.2 | 100% 100%
3 | 3126666.1 | 2088554.3 | 2069764.9 | 778877.5 | 566616.5 | 100% 100%
4 13970369.7 | 2652132.4 | 2628272.9 | 989050. 8 | 719513.0 | 100% 100%
5 | 4726630.6 | 3157300.5 | 3128896.3 |1177441.4 | 856563.1 | 100% 100%
6 | 1947671.9 | 1301008.5 | 1289303.9 | 485180. 6 | 352958.4 | 33% 100%
7 | 2137880.4 | 1428063.9 | 1415216.6 | 532563.1 | 387428.1 |  33% 100%
8 | 2425326.5| 1620072.5 | 1605497.8 | 604168.2 | 439519.2 | 33% 100%
9 2594999.5 | 1733410.9 | 1717816.6 | 646435.1 | 470267. 5 33% 100%
10 | 2688696.5 | 1795998.8 | 1779841.4 | 669775. 8 | 487247. 3 33% 95%
11 | 1932136.9 | 1290631.2 | 1279020.2 | 481310. 7 | 350143. 1 33% 90%
12 | 1277252.5 | 853180.7 | 845505.1 | 318173.8 | 231464.5 33% 8%
13 619359.2 | 413720.3 | 409998.4 | 154287.3 | 112240.7 33% 80%
14 503610.3 | 349613.4 | 333083.4 | 126806.0 | 94402.3 33% 5%
15 | 442384.2 | 295504.3 | 292845.9 | 110201.4 | 80169. 2 33% 70%
16 | 391224.1 | 261330.3 | 258979.3 | 97457.0 | 70897.9 33% 65%
17 | 321004.4 | 214424.9 | 212495.9 | 79964.8 | 58172.6 33% 60%
18 | 280241.9 | 187196.3 | 185512.3 | 69810.5 | 50785.6 33% 55%
19 | 225302.7 | 150498.0 | 149144.1 | 56124.7 | 40829.5 33% 50%
20 | 214574.0 | 143331.4 | 142042.0 | 53452.1 | 38885.3 33% 50%
WoE e (31910644. 1| 21328922, 5 |21123655. 0| 7950548. 8 | 5786005. 6
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PR AT A e E S 15% TR BA e SR S AR 15 Ao

15~ L EFOSCAK 2 AR
s A P ERE | pMAR| denn sy | mine oo | P
3 3
1 6197587. 2 | 4705344. 0 | 4760784. 0 |3372163. 22423232. 0| 35% | 100%
2 | 3604719.1|2736781.7 | 2769027. 4 |1961360. 2(1409430.9 20% | 90%
3 | 2439283.6 | 1851957. 6 | 1873778.0 |1327236. 2| 953750.2 | 15% | 81%
4 1376668. 0 | 1045196.5 | 1057511. 4 | 749057.5 | 538271.7 | 10% | 72%
5 1129013.4 | 857171.7 | 867271.2 |614306.4 | 441439.8 | 8% | 62%
6 631276.3 | 479278.8 | 484925.8 | 343483.2 | 246826.5 | 5% | 52%
7 426136.3 | 323532.0 | 327344.0 |231864.6 | 166617.6 | 4% | 43%
8 259551.5 | 197057.2 | 199378.9 | 141224.3 | 101483.6 | 3% | 33%
oA |17151320.9]13021658. 6/13175084. 3{9332188. 7/6706098. 4
L SRS S
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ER PELR | SHARS | BBTR | SBLE | TR
20 # T3 A | 857566.0 | 651082.9 | 658754.2 | 466609.4 | 335304.9
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1 85756. 6 65108. 3 65875. 4 46660.9 | 33530.5
2 84489. 3 64146. 1 64901. 9 45971.4 | 33035.0
3 83240. 7 63198. 1 63942. 8 45292.0 | 32546.8
4 82010.5 62264. 2 62997. 8 44622.7 | 32065.8
5 80798.5 61344. 0 62066. 8 43963.2 | 31591.9
6 79604. 5 60437. 4 61149.5 43313.5 | 31125.0
7 78428. 0 59544. 3 60245. 9 42673.4 | 30665.0
8 77269. 0 58664. 3 59355. 5 42042.8 | 30211.9
9 76127.1 57797. 4 58478. 3 41421.4 | 29765.4
10 75002. 1 56943. 2 57614.1 40809.3 | 29325.5
11 73893. 7 56101. 7 56762. 7 40206.2 | 28892.1
12 72801. 6 55272. 6 55923. 8 39612.0 | 28465.1
13 T1725. 7 54455. 8 55097. 4 39026.6 | 28044.5
14 70665. 8 53651. 0 54283. 1 38449.9 | 27630.0
15 69621. 4 52858. 1 53480. 9 37881.7 | 27221.7
16 68592. 5 52077.0 52690. 6 37321.8 | 26819.4
17 67578. 9 51307. 4 51911.9 36770.3 | 26423.1
18 66580. 2 50549. 1 51144. 7 36226.9 | 26032.6
19 65596. 2 49802. 1 50388. 9 35691.5 | 25647.9
20 64626. 8 49066. 1 49644. 2 35164.0 | 25268.8
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