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ABSTRACT

This paper uses spectrum holdings distributions of OECD countries in 2010 and 2017 to analyzes the changes
in spectrum concentration and to estimate the effect of spectrum concentration on market competition. It is
shown that spectrum holdings distributions of many OECD countries including Korea became less concentrated
during those years. It is also shown that relaxing the spectrum concentration has positive effect on promoting
market competition. The analysis of this paper can be applied to 5G spectrum policy especially for lower
frequency band, because spectrum holdings can be hardly concentrated in mmW band and because the higher

network investment cost in higher frequency band can reduce the effect of relaxing spectrum concentration.
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Table 1. Changes in mobile spectrum holdings distribution
(unit: MHz)
Year Sub-1GHz 1GHz ~ 2GHz 2GHz ~2.5GHz Above 2.5GHz Total
2010 62 105 98 10 275
2017 138 146 118 169 571
Changes 76 41 20 159 296
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E 2. 201093 201719] Fu AFE
Table 2. Spectrum concentration in 2010 and 2017

Overall Spectrum Sub-1GHz Above 1GHz
Country HHI change HHI change HHI change
2010 2017 rate 2010 2017 rate 2010 2017 rate
Austria 2846 3482 22.3% 4104 4438 8.1% 2808 3474 23.7%
Belgium 3333 3339 0.2% 3341 3339 -0.1% 3334 3339 0.1%
Canada 3965 3404 -14.2% N.A N.A N.A N.A N.A N.A
Chile 3339 2714 -18.7% 5000 3342 -33.2% 3750 2600 -30.7%
Denmark 2823 2519 -10.8% 3392 3201 -5.6% 2730 2526 -1.5%
France 3335 2571 -22.9% 3334 2632 -21.1% 3335 2551 -23.5%
Germany 2516 3347 33.0% 2952 3352 13.5% 2707 3373 24.6%
Greece 3395 3473 2.3% 3889 3373 -13.3% 3434 3555 3.5%
Ireland 2725 3429 25.8% 3333 3373 1.2% 2646 3449 30.3%
Italy 2774 3372 21.6% 3382 3333 -1.4% 2653 3400 28.2%
Japan 3585 3378 -5.8% 5017 3333 -33.6% 3632 3421 -5.8%
Korea 3651 3406 -6.7% 3469 3438 -0.9% 3878 3421 -11.8%
Mexico 3452 3410 -12% 3765 3919 4.1% 3754 3521 -6.2%
Netherlands 3597 2781 -22.7% 3359 2663 -20.7% 3681 2843 -22.8%
New zealand 3615 3471 -4.0% 3438 3495 1.7% 3692 3477 -5.8%
Poland 2592 2636 1.7% 2626 2630 0.1% 2589 2688 3.8%
Portugal 3333 3356 0.7% 3334 3343 0.3% 3333 3362 0.8%
Spain 2667 2547 -4.5% 3772 3370 -10.7% 2600 2514 -3.3%
Sweden 2669 2528 -5.3% 3333 2563 -23.1% 2627 2531 -3.7%
Swiss 3337 3515 5.3% 4238 3489 -17.7% 3458 3588 3.8%
UK 3307 2804 -152% 5000 3695 -26.1% 4155 3235 -22.1%
us 2644 2625 -0.7% 3844 2892 -24.8% 2567 2963 15.4%
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Table 3. Market concentration in 2010 and 2017

HHI
country 2010 017 change rate

Austria 3110 3437 10.5%
Belgium 3397 3669 8.0%

Canada 3375 3351 -0.7%
Chile 3512 2812 -19.9%
Denmark 3069 2755 -10.2%
France 3775 2632 -30.3%
Germany 2749 3412 24.1%
Greece 3791 3484 -8.1%
Ireland 3185 3685 15.7%
Italy 2895 3392 17.2%
Japan 3782 3545 -6.2%
Korea 3878 3718 -4.1%
Mexico 5461 4854 -11.1%
Netherlands 3456 3018 -12.7%
New zealand 4137 3468 -16.2%
Poland 2762 2595 -6.0%
Portugal 3589 3580 -0.3%
Spain 3282 2843 -13.4%
Sweden 3266 2959 -9.4%
Swiss 4569 4291 -6.1%
UK 2921 2648 -9.3%
us 2870 2819 -1.8%
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Fig. 2. Scatterplot of changes in spectrum concentration

and market concentration
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E 4. FupAEEe] ARAEEe] vlxlE &3} (OLS)
Table 4. Effect of spectrum concentration on market concentration (OLS)

Dependent variable: In(Y;;)
Regressors Model 1 Model 2 Model 3
Unweighted | Weight 1 | Weight 2 | Unweighted | Weight 1 | Weight 2 | Unweighted | Weight 1 | Weight 2
In (X0 0.827%* 0.849% 0.909%* 0.474%* 0.4827%* 0.552%* 0.473%* 0.489% 0.583%*
1 (0.120) 0.121) (0.119) (0.123) (1.146) (0.156) (0.136) 0.173) (0.193)
1n(v,) 0.400%* 0.382%* 0.380%* 0.636%* 0.627%* 0.604*%* 0.638** 0.620%* 0.578%*
10 (0.131) (0.133) (0.132) (0.108) (0.120) (0.128) (0.119) (0.140) (0.155)
pp -0.108%* -0.107%* -0.097*
P (0.032) (0.036) (0.034)
y D -0.107% -0.110% -0.106*
! (0.044) (0.045) (0.040)
D 0.109%* 0.101* 0.079
2 (0.042) (0.052) (0.055)
-1.827 2.303 -0.899 -0.882 -1.266 -0.902 -0.881 -1.298
constant term |-1.804 (L124)] | |5 (1.079) (0.739) 0.797) (0.765) (0.744) 0.822) (0.818)
R’ 0.849 0.855 0.873 0.907 0.907 0.914 0.907 0.907 0.916

Note : (1) The numbers in parentheses are standard errors.
(2) The individual coefficient is statistically significant at the * 5% level or ** 1% level using a two-sided test.

B 5. FEeAFES] AAEE vx= &3 (2SLS)
Table 5. Effect of spectrum concentration on market concentration (2SLS)

Dependent variable: In(Y;,), Instrumental variable: (In (X)), ;)
Regressors Model 1 Model 2 Model 3
Unweighted | Weight 1 | Weight 2 | Unweighted | Weight 1 | Weight 2 | Unweighted | Weight 1 | Weight 2
In(X,.) 0.838%* 0.864** 0.925%* 0.471%* 0.490** 0.549%* 0.465** 0.489%* 0.557%*
7 0.107) 0.107) (0.105) 0.116) (1329) (0.154) 0.118) 0.153) (0.168)
n(¥,) 0.397%* 0.377** 0.376** 0.638** 0.623** 0.606** 0.642** 0.619** 0.593**
10 (0.122) (0.123) (0.121) (0.099) (0.113) (0.118) (0.103) (0.124) (0.132)
P -0.108** -0.105* -0.098*
p (0.030) 0.034) 0.034)
i D -0.108* -0.110* -0.109*
1 (0.040) 0.041) (0.036)
D 0.111%* 0.101* 0.585
2 0.036) (0.046) (0.049)
constant term -1.867 -1.908 -2.392 -0.890 -0.912 -1.250 -0.874 -0.883 -1.204
” (1.030) (1.045) (1.002) (0.687) (0.736) (0.741) (0.657) (0.713) (0.714)
R’ 0.849 0.854 0.873 0.907 0.907 0914 0.907 0.907 0916
Endogeneity Test 0.294 0.708 1.102 0.003 0.033 0.003 0.035 0.000 0.197
(p-value) (0.594) 0412) (0.309) (0.955) (0.858) (0.954) (0.854) 0.992) (0.664)
st stage 204887 | 22432 | 180849 | 80324 109.180 | 93.178 107408 | 191.874 | 157.669
F-statistic

Note : (1) The numbers in parentheses are standard errors.
(2) The individual coefficient is statistically significant at the * 5% level or ** 1% level using a two-sided test.

2)°]ct Pt In(X,y) el AAskar & 4= glok 23Aw

<3 4>9} <3 5>9| FAAIAEE A vh=A] 4 X8 WA o44E Z3*(endogeneity test)3 A}
t}h <% 5>9] shcdel] ol 154 F 574]3‘@4 eol So B folala] ke Ao vehdt) o] X,
BT g ks Hog n|Fo] TSR A4

o] WS} obd S lrks AL Slvlaeh T2
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%2 28 1elM= gyl 5% felEelA 18t
Aok & S glekio 2R Alizlae] Wshrh

e 2y 2 w=e 1y 30 BE FAAES 0]

A P*Xl—r«l s} AEA) Pl
()2 Fo= FAE o) AiAlee] S7kR
[ B 8 e e ) e R <l e B
2 Q8 AREEe] 27 mshneh o vk A
olgit}. B3 30l D, 2 D,°] Alg FAAE
Bz ol Ao ke o

A A 2w AR B e 2 3k
olck. ol AlHFRe) Wskes) Folgge) W
3 Zhol| FElst AR AAE o= [ 219 4t
EA=t-1 u].aroq it Axle} & 4 o)k 283 A

ol AE 9ge &

(Unweighted), Peha(2013)2] H}2](Weight 1), 22|37
AT €](2017)9] WA (Weight 2)2] 42 G, dl
gt FAA7L 23 AR s B 5 vk & a7
g Aol o 22 7 E A4S [ 0] ¢
A FAEE Aolch £& *ﬂ 7HA EAWA F
ol" Zlo] v A& 7l

. 5G Fik+ A AAN

2] A= 5G Aol Fu7) AlEEe] 347
o] AstEls AL WSl E 7 A A=
Z+71. 20181 6 5G Ful= AuE AAsleich )
%= 73vje] A3}, 3.5GHz WHell4] SKT9} KT 242}
100MHz %-& &5 WSkl LGU+E 1 Xl 42
80MHz ¥-5 3 wigirl 2] 28GHz tHellxf=

16) <¥ 4>2] X WA 34 0.827-2 1870} 22 Fro]A|uk t
EAlES] Zho] -1.442 (= (0.827-1)/0.120)°] =2 5%2] &
o]gfollr] Byo] 1:r} 2hrtar kst 5= gick 23 19
] ofE FHEL] Az (0] 5% Folgel
A 1R} 2k gedd = ik

% g SelUele] 5G Fu A At

able 6. 5G spectrum auction result in Korea

Spectrum Band Bandwidth
(GHz) (MHz) operator
3.60~3.70 100 SKT
3.5GHz 3.50~3.60 100 KT
3.42~3.50 80 LGU+
28.1~28.9 800 SKT
28GHz 26.5~27.3 800 KT
27.3~28.1 800 LGU+

Al AREAF 25 800MHz -2 & Wigirh
mmW thelS- A|9]3F 6GHz ©]3le] tejellx] 5G
T AN A ARIARES] Tl 0f R W
sk ok =24 gk 7R E 445k 2 HHI
94 7S 3378 201712 340601 HIs) 0.8% 7H4-g
ol E3slr}. 12|a 3.5GHz tdel4] 7|A]=2]
ij_ ylAo] W] oo} vjES= ?%Hl%@] "}01 28
= 7%, Peha(2013)2] =2ldl| wlzdl Fo3lEe
ZA el vl 2R 77} 2gw]elo} ?‘&D}. Lot =i
A TR g 7EeAE H4sA
W= 75l wlal R o] 2olA|Al g Zlelc). wle}
A A %afz A el gyt Tk
] F3h= A JeR] o 5 9l

B, mmW oje}& 6GHzolae) chelzt B 7
3 FHSRR Fupgo] SaAdel whE
ELX] S3tH?. wEbA] mmW o
15’ 7Fsd2 719 §e A
S5 7Mkeg AARAE A

mﬂ

/3315 913 1GHz ©]3}
2] ellA FaeAlTS EATE A 2=
5G Aol ZA] o2 = 3tk 567 =91l o] Fe
= AR 52 o]fr®E AT thel iyt 8
7} A& B o2}, A o] FgAlAAke] Y Al
g9l LTE VIE$ =9 213}l HVM AL A= A
202 oatEa gl7] wiEe|rh®). a2t
Al 2Rt e s 9 AjEe] A= le
1GHz °]3}e] T3l 2021 AM87]3be] wtgE=

17) 32 mmW tHellx] Fab AulE AARE fevetet
oletz]ololl Al 26GHz~29GHzH2] F27}4L 3.5GHz
DH°%‘°1] vl ZA gk felvels 2 4.8% Ao

olelzlole] Zgol% 0.8% Aol Bsigich. =3
° ZJ W2 S7lellA] Auiz) A ER= odokth
18) McKinsey&Company (2018) 5% Z=z3le)
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800MHz tH™e] 50MHzZ3} 900MHz tH<]
20MHz %, 12]3 A 2016112] ZnjellA] 2=
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A Syt t& OECD =71=l Bl3] 1GHz °]
3le] tjgellA T %—J} AE o= Xq74] sks}
Hd" ARLE AR, S% 5G Aldell =
FHex i dide] F= 1GHz ©J3) Hgd
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RS IR FEIE A 2R 45 A
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o gl o] =io] WA= F= Xﬂ?ﬂﬂr
T Hdellxe] 56 Tk AA el 284 5 9de
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