Mathematical Online Appendix to “Should Online Content Providers be

allowed to Subsidize Content? — an Economic Analysis”

Appendix A: Proofs

Proof of Lemma 1
Proof: In the benchmark equilibrium, the ISP does not have an option to allow data sponsorship.
The timeline of the game is given as follows: in stage 1, the ISP announces p, which is the usage-
based price for consumers; in stage 2, the end consumers choose content from either L or H. We
solve this game-theoretical model using the backward induction.

In stage 2, the price charged by the ISP, p, is given. To find out the market share of both
CPs, we identify the location of marginal consumers who are indifferent between choosing
content from L and from H: U, (x*) = Uy(x*), where U, (x) = V(1) — pA —tx and Uy(x) =
V(A) —pA— t(1 —x). This leads to x* = % and this result implies equal market share for the
two CPs. In stage 1, the ISP chooses p to maximize its profit given the participation constraints
for consumers and content providers:

max, T;sp = pi,

S.t.
1 1
U, (3) =00y (3) 20
From the constraints, Uy G) >0 and U, G) > 0, we can obtain the upper bound of p,

2V(A) -t

=D Therefore, when the constraint is binding, the highest value of the objective

2V(A)-t
2

function is m;gp = where 2V(1)) — t >0. &



Proof of Lemma 2
Proof: Case 1. The ISP allows no CPs to subsidize their consumers’ data usage. Case 1 is
equivalent to the benchmark case described in Proposition 1.

Case 2. The ISP allows CP L to subsidize its consumers’ data usage. In this case, the
timeline of the game is given as follows: in stage 1, the ISP announces p, which is the usage-
based price for both consumers and CP L; in stage 2, L decides the amount of its subsidization,
As1 € [0,4]; finally, in stage 3, the end consumers choose either L or H. We solve this game-
theoretical model using backward induction.

In stage 3, the marginal consumer is given by: U, (x* ) = Uy (x*) where U, (x) = V(1) —
p(2—25.) — tx and Uy(x) = V(1) —pAd — t(1—x). Since L subsidizes consumers’ data
usage by A, the ISP does not charge p for the quantity of the data-packet A, ;. In contrast with

Case 1, we find that the utility of a consumer increases by pA;; in Case 2. The marginal

- - * 1 A - H *
consumer is given by x* = St %; Because the marginal consumer is located at x* € [0, 1],

1

the following inequality conditions should be satisfied: 0 < x* = St % <1. From the

constraint, two results can be shown as follows: (1) the upper bound of p isp < /,li; (2) the
S,L

market share of CP L is x* >

N |-

. If we compare x* with the market share of CP L in Case 1, the

market share of CP L increases by p;—i‘ with the subsidization.

In stage 2, given p, CP L decides the subsidized amount A5, to maximize its profit:

m, = rgAx* —pAg x”. From the first order condition of the profit function, % = 0, we can
S,L
obtain the optimal the subsidized amount of CP L, A, " = rLjp_t.

From this result, we can derive the optimal value of A, based on 4, € [0, A]:



0,ifry <£

rLA -t 2p+t

Jif 2 <n <22

*
/15,L =

2p+t

k A if 183 = —
In stage 1, the ISP decides p with the participation constraints and the formulation is as
follows:

max 7 ;sp = pA
P

s.t.
U,(x*) =0, x* € [0,1]
Uy(x*) =0, x* € [0,1]
1, (A1) =0
From the marginal consumer’s participation constraint U,(x*) = 0 and Ug(x*) = 0,

which is demonstrated as V(1) — p(2 — A5,”) — tx* = 0, we can obtain the upper bound of p as

t 2V(A) t
21

TL)L 3t

2p+t 2VA)—t .

follows: if r, < > p; |f— <r <E- zp” VD) + 2R

>p,; ifr, >

The constraint 7, (15, ) = 0 is always satisfied.

Therefore, the equilibrium is given by the following three cases: (1) If r, < % x* = %

* = ZV(Z'B_ £ and As;” = 0 with a constraint 2V (1) — t = 0;
QIf L<r< ﬂ x* = %+%, p* = V(’U = 4 rL:;gt, and A;," = 22~ with constraints
v + rLA > >0and 1A < 3t;
) Ifr, =— 2p+t x =4 p*= VWt and As." = A with constraints 2V(1) — t > 0 and

t A

V(1) <t.



Case 3. The ISP allows CP H to subsidize its consumers’ data usage by A ;. The results
of Case 2 and Case 3 are symmetric. Therefore, we can obtain the following three possible

results that yield the highest objective values:

QDIfry < % x* = % p*= ZV(;;_t, and As ;" = 0 with a constraint 2V(1) — ¢t = 0;

t 2p+t 1 rgA-t M ryA-3t x _TgA-—t . .
(2) If T STH< X = oo P =t T ,and Agy = = with constraints
V() + % > 0and ryd < 3t;
(3) If ry 2%, X" = %—%z 1 —@, p* = %H and Agy" = A with constraints

2VAA)—t =0and V(1) < t.

Case 4. The ISP allows both CP L and CP H to subsidize their consumers’ data usage by
Asy and Ag , respectively. In this case, the timeline of the game is given as follows: in stage 1,
the ISP announces p, which is the usage-based price for consumers and two CPs; in stage 2, L
and H decide the amount of their subsidization, A;; € [0,4] and A5y € [0, A] respectively;
finally, in stage 3, the end consumers choose either L or H. We solve this game-theoretical model
using backward induction.

In stage 3, the marginal consumer is given by U, (x*) = Uy (x*) where U, (x) = V(1) —
p(A—25.) — tx and Uy(x) =V(A) —p(A—Asy4) — t(1—x) . Since L and H subsidize
consumers’ data usage by A, and Ay, the ISP does not charge p for the quantity of the data-
packet Ag; and A, 5. Accordingly, we find that a consumer’s utility increases by pAs; and pAg y

comparing Case 4 with Case 1. From the above equation, we can derive the market share of

P(AsL—AsH). the

content providers: the market share for content provider L is given by x* = %+ PR

1 _p (As,L—4s,H)

market share for content provider H is given by (1 —x*) = > ” . Because the



marginal consumer is located at x* € [0,1], the following inequality condition should be

1 p(AsL—As H)

satisfied: 0 < x* = S+ - < 1. From the constraint, we obtain the following results: the

upper bound of p, p < !

. t .
= G ifAg, 2 Agandp < ———— if Ay = Ag;.

- (AS,H_AS,L)
In stage 2, given p, CP L and CP H decide the amount of subsidization Ag; and A; 4to
maximize their profit: m;, = rAx™ —pAg x*and my = rydx*™ — pAgyx*. From the first order

9 9 . . .
"L — 0 and —L. = 0, we obtain the following reaction
st Eyn.

conditions of the profit functions,

. " —t+pAsy+riA * —t+pAs+ 1yl
functions, A, (AS,H) = pzs: L= and A (AS,L) — P zs; HZ

Therefore, the reaction functions A, *( A4 ) and A, ;" ( A5, are given by:

If 0, if Ay <

—t+pAs+rLA
2p 14

/15,L " ( AS,H) =

—t+pAsp+ A .o t—THA
. , if

AS,H*(AS,L) = 2p »

In stage 1, the ISP chooses p given the participation constraints:

max 7 ;sp = pA
P

s.t.
U (x*) 20,Uy(x*) =20

1+ p(/ls,L - AS,H) <

0 <x* = 1
S X ot =

ﬂL(/lS,L*) > 0, n—H(/lS,H*) > 0

2V(A)-t

The optimal p is derived as p* = it
—Us,LTAsH



2V(A)-t

Combining AS,L*( AS,H) and AS,H*( AS,L) with p* = m,

we can obtain five equilibria

as follows:
1) 1A, < and Ay, < % A, =0,2g," =0,andp* = 22
t—T‘Hl t—T‘Hl t—TLA * * Z(tl—THﬂ.Z)
@) If <51 < > +20and Asy < —=, A5, =0,A,4 = P Ta— and
« _ AV(D)4rya-3t
- 42 '
@) IfA, > t‘;“ +21and A, < % Ay =0, A5, =2 and p* = 22
@ 1 Eoa< t‘;”% 21 and <, <540 A =
2A(=3t+(ry+2r)A) £ _ _ 2M(=3t+(2ra+r)A) nd p* = =3t+2V(A)+(ry+rp)A
3(=3t+2V()+(ry+rpd)’ ~SH 3(=3t+2V(D)+(ry+r)D)’ 21 '
t-ryl t-rpd t-rpA * A(=2t+2Vv(A)+rpA)
(5) If A5, > > + 21 and < Agy < 5 +21, Ay, = St A (D

4V () -3t+r A

.l
A

Adsy = A and p* =

Proof of Proposition 1

Proof: From the results of Proposition 2 (Tables 3, 4, and 5), we see that A;;,” = A when ry is

high, and A5, = 2 when ry is high. l

Proof of Proposition 2

Proof: From Table 5, we can find that under all market conditions, A3 ;" = A5, ", in Case 4. W

Proof of Proposition 3

Proof: From the proofs of Propositions 1 and 2, the result follows. H



Proof of Proposition 4

Proof: From the proof of Proposition 2, we can see that in Cases 2, 3, and 4, when the fit cost

t 2 ATH, AS,H* S AS,L* S 0 .

Proof of Proposition 5

Proof: From the proof of Proposition 2, we know that in Case 3, if % <y < %, x* = %—

2p+t V(A

rH/H, and if ry > — x* = max{l — T'O}' Therefore, if ry > % and V(1) > t, then

x*=0.1

Appendix B: Vertical Product Differentiation

Our model can be extended to the vertical differentiation case with V; (1) and V(1) for
each CP, and the analytical insights remain the same. We solve Cases 1 and 3 in this appendix,
and Cases 2 and 4 are similar: the analysis carries through with one parameter replacing another
in the relevant expressions.

In Case 1, we identify the location of marginal consumers who are indifferent between
choosing content from L and from H: U, (x*) = Uy(x*), where U, (x) = V(1) —pA — tx and
Uy(x) =Vy(Q) —pAd — t(1 — x).

The equilibrium marginal consumer and per-packet fee is given by:

1 1
xt =) - V(D] +5,

and

1 t
p = 21 VLA +Vg(D] - Py



In Case 3, the equilibrium marginal consumer is given as follows:

V(D) -V D+t

Q) If ry < -

cxt = =V () = V(D] +3;

t 2p+t 3 rA+VgQ)-vi(A)
- < —_— - - — .
(2) If 1= Ty < 1 X p 4t )

() Ifry > 2 5 =1 - 1D

3t+VL(ﬂ.)—VH(A)

Therefore, if ry > , x* =0, which means that CP L might be driven out of the

market even if V; (1) > Vy;(4).

Appendix C: A Fixed Subscription Fee
In our main model, we adopt the assumption of a linear per-packet fee. In this appendix,
we consider a fixed subscription fee F. We solve Case 1 as follows and other cases are similar:
the analysis carries through with one parameter replacing another in the relevant expressions. To
find out the market share of both CPs, we identify the location of marginal consumers who are

indifferent between choosing content from L and from H: U, (x*) = Uy (x*), where U, (x) =
V() —F —txand Uy(x) = V(A1) — F — t(1 — x). This leads to x* = % and this result implies
equal market share for the two CPs. In stage 1, the ISP chooses a fixed fee F to maximize its
profit given the participation constraints for consumers and content providers:

maxy, m;sp = F,

S.t.

U, (3)z00,(3) 20



From the constraints, Uy G) >0 and U, G) > 0, we can obtain the upper bound of F,

2V(A) -t

> F. Therefore, when the constraint is binding, the highest value of the objective

2V(A)-t
2

function is m;gp = where 2V (1) — t > 0.

Appendix D: Extended Model

There are two key features of the extended model: (1) in the previous model, the ISP
charges the CPs the same per-packet price when the CPs are allowed to sponsor data traffic.
However, in order to maximize its profit, the ISP can implement price discrimination by
charging consumers p per-packet and CPs ¢ per-packet. (2) The per-packet price faced by
consumers is fixed at the benchmark case in which neither CPs are allowed to subsidize data
traffic. Our justification is that some consumers have long-term contracts with their ISPs, so that
a dynamic pricing policy (adjusting the price when CPs are allowed to sponsor data) might not
always be feasible.

Case 1 (Benchmark Case). The ISP allows no CPs to subsidize their consumers’ data
usage. The results of Case 1 in the extended problem are same as the results of Case 1 in the
baseline problem.

Case 2. The ISP allows CP L to subsidize the data usage of CP L’s consumers. In this
case, the timeline of the game is given as follows: in stage 1, the ISP announces ¢, which is the
usage-based price for CP L; in stage 2, L decides the amount of its subsidization, 45, € [0, A];
finally, in stage 3, the end consumers choose either L or H. We solve this game-theoretical model

using backward induction.



The stage 3 in the extended problem is same as the stage 3 in our baseline problem. The

- e 1, p2
market share for content provider L is x™ = -+ pzirL

. The market share for content provider H is

1—-x")= %—%. In stage 2, with the assumption, c is given, CP L decides the subsidized

amount A, ; to maximize its profit, which is demonstrated with the following equation: m;, =

1 Ax* — cAgx™. From the first order condition of the profit function, aa”L* = 0, we can find the
S,L
optimal the subsidized amountof CP L, A, = %’:Ll,
We can derive the optimal value of A;," based on A, € [0, 4]
0,ifAs," <0
* —ct+priA . *
Asy” = TpL,lfO <A <A
Aifdg,” =2
In stage 1, the ISP chooses ¢ given the participation constraints:
max 7 ;sp = pA — pAg x* + cAg X"
c
S.t.
Uy (x*)=0,x" €[0,1]
Uy(x*) =0,x" € [0,1]
7TL(/ls,L*) = 0.
We can obtain the optimal c¢* for CP L as follows:
2/3
[—9p3rL2t‘l'lz+\/§\/p6rL4't6l4’(27t2+TL212)]
31/3p2y 22 > . . .

ct = £ 75— Substituting the optimal value c*, we find

32/3|-9p3r 26422 +3,/per FtO AT (27247, 2A2))

—c*t+priA

the equilibrium subsidized amount A, " = 2o

, and equilibrium market share x* = %+

t
AS,L*

plz% and the constraint p < — from 0 < x* < 1.

10



We summarize these results as follows:
If CP L makes an exclusive contract with ISP to subsidize the data usage of L’s consumers,

1) ISP will choose the usage based price ¢ for content provider L:

2/3

[—9p3rL2t‘l'lz+\/§\/p6rL4't6l4(27t2+rL212)]

. 31/3p2y 2)2 >

¢ = 1/3
32/3|-9p3r 26422 +3,/pr FtO AT (272 47, 2A7))

2) CP L will subsidize its consumers’ usage by A, ".
- Ifig," <0,4, =0.
- If0< A" <A, A" will be subsidized.
- A > A A = A

3) The market share of L is x* = % + plz%.

Case 3. The ISP allows CP H to subsidize the data usage of CP H’s consumers. In this
case, the timeline of the game is given as follows: in stage 1, the ISP announces ¢, which is the
usage-based price for CP H; in stage 2, H decides the amount of its subsidization, A € [0, A];
finally, in stage 3, the end consumers choose either L or H. We solve this game-theoretical model
using backward induction.

The stage 3 in the extended problem is the same as the stage 3 in the baseline problem.

1

The market share for content provider L is x* = >~ p';—st"’. The market share for content provider

His (1—x") = 2+ 2

In stage 2, given ¢, CP H chooses the subsidized amount A, ;; to maximize its profit:

anH
sy

Ty = ryAx” — cAgyx*. From the first order condition of the profit function, = 0, we can

obtain the optimal subsidized amount of CP H:

11



0,if sy <0
TR E0 < Ay’ < A

AS'H* = 2cp
Lif Agy™ =2
In stage 1, the ISP chooses c given the participation constraints:
max 7 jsp = pA—pAsp(1 —x7) + cAgy(1 — x7)

S.t.

U, (x*)=0,x" €]0,1]

Uy(x*) =0,x" € [0,1]

7TH(/1$,H*) = 0.

We can obtain the optimal ¢* for CP H as follows:

2/3
[—9p3rH2t4AZ +\/§\/p6rH4t6l4' (27t2+rHZAZ)]

31/3p2ry22? 2 - :
ct = L 75— Substituting the optimal value c*, we
32/3]-9p3ry2t4A2+v3\peryiteat (27t 7+ 7 22)|

—c*t+pryl

find the equilibrium subsidized amount A, ;" = e and the equilibrium market share

x* — l _ pAS,H*
2 2t

We summarize these results as follows:
If the CP H makes an exclusive contract with ISP to subsidize the data usage of H’s consumers,

1) ISP will choose the usage based price ¢ for content provider H as

2/3
[—9p3rH2t412+x/§\/p6rH4t6}L4(27t2+THZAZ)]
t2

. 31/31)27,11,2/12

cC =

1/3
32/3[—9p3rH2t4AZ+J§Jp6rH4tGA4(27t2+TH2/'12)]
2) Content provider H will subsidize its consumers’ usage by Ag 5" .

- If AS,H* < 0, /15‘1_1* = 0.

12



- If0< Agy” <A, Agy” will be subsidized.
- If AS,H* > A, AS,H* =A.

3) The market share of L is x* = % — p'lz;'t”.

Case 4. ISP allows both CP L and CL H to subsidize the data usage. In this case, the
timeline of the game is given as follows: In stage 1, the ISP announces c, which is the usage-
based price for CP L; in stage 2, L and H decides the amount of its subsidization, A5, € [0, 4]
and A i € [0, 4], respectively; finally, in stage 3, the end consumers choose either L or H. We
solve this game-theoretical model using backward induction.

The stage 3 in the extended problem is the same as the stage 3 in the baseline problem.

The market share for content provider L is x* = % + W and the market share for content

provider His (1 — x*) = + — 2si-Asm)
2 2t
In stage 2, with the assumption, ¢ is given, CP L and CP H decide the amount of

subsidization 4 ; and A; 5 to maximize their profit, which is demonstrated with the following

equations: m, = r Ax* —cAg x* and my = ryAx® — cAgyx* . From the first order conditions

of the profit functions, % = 0 and ainH* = 0, we can obtain the following reaction functions:
s,L s,H
( —ct+cpr.g (A;) +p1r A
O,If p S,H ( S,L) p L S 0
2cp
AS‘L (AS‘H) =< Cc CDAgsH ( S,L) prL ’ 0 < c CPAsH ( S,L) pry <
2Cp ch
—ct+cpley (A, ) +pr A
A if PAsH ( s,L) pr, > 1
. 2cp

13



( —ct+cple; (Aey) + 0152
0,if p s,L( s,H) Py <0
2cp
. —ct + CplsL*(/lsH) +pryd —ct + CpAsL*(/lsH) +pryld
1 ) = ) ) i ) ) 1.
s,H ( sL) ch if 0 < Zcp <
—ct+cple; (Aey) + 015
A if PAs L ( s,H) Py > 2
\ 2cp

In stage 1, the ISP chooses ¢ given the participation constraints:
max 1 jsp = PA —pAg x* + cAg x" —pAgy(1 —x*) + cAgy(1 —x7)
S.t.
U (x*) 20,Uy(x*) =20

1 Ae; — A
OSx*=—+p(S'L2t s,H)Sl

m,(As1”) 20, my(Agy ) 2 0.
From the participation constraints, we obtain the following three inequalities:

(1) =t + V) +1p(= Aoy + 245 — 22+ L) 2 0,

2) {t+p[As1" (Asu)=2As " (As L) IHe[t—pAs " (AsL)]+PTLA)}

> 0,
apt

= 0.

(3) {t+p[—ﬂle*( AS,H)"'AS,H*( A:;l]}{C[t—plS,L*( AS,H)]"-erA}

We solve the equations of reaction function simultaneously and substitute the equilibrium
subsidized amount A, " and A, 5. From the first order condition of the objective function, we

find nine equilibria as follow:

L If ZEHPTA o ) gnd ZEERTHA < Asi” =0, sy = 0 (there is no subsidization).

2¢cp 2¢cp

14



()

(3)

(4)

()

(6)

f =3ct+p(ry+2rp)A —ct+p ryi

—ct+pryi
S /1) AS,L* = 01 AS,H* = #y and

< 0and 0 <
4cp 2¢cp

2/3
—9p3ert4/'lz+\/§\/p6rH4t6A4(27t2+rH2}L2)J

t2

1/3
32/3[—9p3rH2t4/12 +\/§\/p6rH4t6A4(27t2+rH212)]

31/3p2er/12 [

*

cC =

—ct+cpA+priA —ct+pryi rgA
f ZLrepATpTLA “EIPTHE S 9, Aei = 0,Ay" = A andc* = PTHZ

2Ap+t

| < 0and

2¢cp 2cp

—ct+priA —3ct+p(ry+ry)A
If 0 <=2 < Jand P(2THtTL)
2¢cp 4cp

—ct+prpA

S 0, A’S,L* = ,AS,H* = 0, and

2¢cp

2/3

[—9p3rL2 t422 +\/§\/p6rL4't6l4' (27t2+rL212)]

_ 31/3PZTLZA.2 2

*

1/3
32/3|-9p3r, 26422 +3,/pOr Fto AT (272 47,2 A7)

—ct+prL/1+§(—3ct—2er/1+prL/1) —ct+er/1+%(—3ct—erA+2prL/1)

If 0< <land0 <
2¢cp 2¢cp
* 3ct+pryd-2prp A * 3ct+2pryA-prpA
Ao =TT e =TT g, and
14 cp

¢ = (@) - 5[0 +Vey@| 367 [ + B/ @]} where

(@) = 63p2A(9ryt — Iyt + 124 + 21y A + 1,2 0),

(b) = —54p3r,2t* 2% — 108p3ryr t*A% — 54p3r, %t* 12,

(c) = pOtoA3[486(ry + 1 )*t?A + (Iryt — Iyt + %A + 2y A + 1,2 A)3],
(d) = —54p3ry2t*A2 — 108p3ryr t* A% — 54p31, 2t* A2,

—ct+cpA+priA 2ry+rp)A+c(=3t+pA —ct+cpA+priA
If0 < PAPTIA 3 ang REratTLA+e( p)>)\’ASL*= pA+pryL
2¢cp 4cp ’ 2¢cp

L™ = dand e’ = {(@)+ ) + 37 [© + VEV@®@] D]+

1/3
ﬁ\/—(d)(e)] }Where
(a) = —32/3p2r,2t22% + 23%/3p5r, 24,

(b) = 3%3p*r, 23(16t + 1,1) + 2323p3r tA%(—t + 41, 2),

<A

15



(7)

(8)

(9)

(c) = —9p31,2t* 2% + 144p*r,2t323 — 558p5r, 2t2A* — 144p°7,2tA° — 9p7r, %28,
(d) = —p®r.32*(—t? + 8ptd + p?2?)3,

(e) = 8p34% + 6pr,2A% + 1,322 + 31, (9t? — 72ptA — 5p?A?),

(f) = 3(—t? + 8ptd + p?2?).

—ct+cpA+p rygl

- A
If %>Aand

<0, =24 Ay =0,andc* = _(i—r:j)'

—ct+cpA+p rygi

If p(ryg+2rp)A+c(—-3t+pA) > 1and 0 <
4cp 2¢cp

< }\, AS,L* = A, AS,H* =

ZCHPAIPTHA L o = {(a) + (b) + 33 [(C) + V3, (d)(e)]g}/{(f) [(C) ¥

2¢cp

V34 —(d)(e)]g} where

(a) = —3%/3p%r,2t202 + 232/3p5r, 2%,
(b) = 323p*1ry A3(16t + 14 1) + 2323p3rytA%(—t + 4ryh),
p p
(c) = —9p3ry2t* A% + 144p*r,2t323 — 558p5ry2t2A* — 144p°1,%tA° — 9p7ry 228,
(d) = —p°ry32*(—t% + 8ptA + p?12)3,
(e) = 8p322 + 6pry2A% + ry32% + 31y (9t? — 72ptA — 5p?A2),
14 p p p

(f) = 3(—t? + 8ptA + p22?).

If —ct+cpA+priA
2¢cp

—ct+cpA+p rygl

> Aand > A=A Ay’ =2,and ¢* - oo.

From the following results, we can find the differences between our main model and this

extended model.

Result D.1 (ISP’s Network Management Choices). In the extended model, if the fit cost is low,

Case 3 maximizes ISP profit. However, if the fit cost is relatively large, the ISP will choose Case

4. The result is shown in Figure D.1 graphically.

16



In contrast with our main model, we find that in the extended model where price
discrimination can be implemented, the ISP will allow data subsidization in a larger range of
market conditions. The intuition is that the ISP can more effectively extract CPs’ profits using

data subsidization when price discrimination can be implemented.

Result D.2 The usage-based cost ¢ that the ISP charges to CPs is greater than the usage-based
price p for its customers under most of the market conditions. The results are shown in Figures

D.2, D.3and D 4.
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Figure D.1 Internet Service Provider’s network management choices in the extended model
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Case 2

Figure D.2 The usage-based cost c that the ISP charges to CPs vs. the usage-based price p for its
customers in Case 2

Case 3

Figure D.3 The usage-based cost c that the ISP charges to CPs vs. the usage-based price p for its
customers in Case 3
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Case 4

Figure D.4 The usage-based cost c that the ISP charges to CPs vs. the usage-based price p for its
customers in Case 4
From Figures D.2, D.3 and D.4, we can see that in most of the cases, the usage-based cost

c that the ISP charges to CPs is greater than the usage-based price p for its customers.

Appendix E: Institutional Details of Data Subsidization Contracts
In AT&T’s sponsored data service, content providers (not the ISPs) sponsor data traffic:
AT&T enables content providers to “sponsor the data usage for specific content on behalf of

eligible AT&T wireless customers.”?

Under data sponsorship, customers can browse and stream
online content without impacting their monthly data plan allowance. AT&T launched data
sponsorship service in January, 2014, and this sponsorship scheme won Ovum’s Innovative

Service of the Award.?

! http://www.att.com/att/sponsoreddata/en/index.html#tab?2.

% http://developer.att.com/static-assets/documents/sponsored-data/ovum-att-sponsored-data. pdf.
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For content providers who sponsor data traffic, they will have access to billing and
analytics information through the AT&T Developer portal atdeveloper.att.com.® According to
AT&T’s description, the contract between ISP (AT&T) and content providers (such as how
much content a content provider wants to sponsor) is on a case-by-case basis. A data
subsidization contract between ISP and CPs consists of the amount of data content the CPs want
to sponsor and data charges billed to the CPs. With the new Sponsored Data service, data charges
resulting from eligible uses will be billed directly to the sponsoring company. In reality, different
content providers may want to sponsor different amount of data content in their data
subsidization contracts. AT&T allows content providers to put their different limits on the
amount of sponsored data content they are responsible for. AT&T provides a set of (what they
call) Sponsored Data API for content providers to manage their data sponsorship. The developer
portal website includes intuitive features which allow content providers to manage their offers,
check billing and measure impact of offers using a robust analytics engine. Similarly, in our
analytical model, we allow content providers to choose the amount of data content they want to
sponsor, which is endogenously determined by market conditions.

From consumers’ perspective, when content, such as a video, is sponsored by content
providers, they will see an AT&T sponsor icon identifying that the video is sponsored. When the
customer clicks the icon to play the video, the data usage incurred while watching the video is

not applied to the customer’s data allowance.

® http://developer.att.com/support/fags/sponsored-data-api-fags.
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