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Point-to-Point Communication

Entanglement Assisted Classical Communication over Quantum Channels

Holevo’s bound QM respects no-signaling

Super dense coding (1 + 0 =2)

1 e-bit

—
1 qubit




Network Communication

Entanglement Assisted Classical Communication over Classical Channels

Multiple Access Channel: P (Y | X1, X2)

Interference Channel: P (Y1, Y2 | X1, X2)
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Discrete Memoryless Two-Senders One-Receiver Multiple Access Channels
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Single letter charecterization of the capacity region

R; < I(X1;Y([X2)
R, < I(X2; Y|X1)
Rl -+ Rg “:_: I(KLKQ;Y)

Capacity Region: Closure (Us(x,yr(xs)(R1.R2))

Sum Capacity: Csyy = max (Ry +Ry) = max I(X1,X2;Y)

m(x1)mw(xz2) m(x1)m(x2)
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Achievable rate region for some fixed
product distribution of inputs.

Capacity region is the closure of union
of all achievable rate regions.




Entanglement assisted multiple access
channel. Capacity region may expand !

Non-signaling cooperation assisted
multiple access channel.




NOT KNOWN: Single letter formula for capacity region !
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Restricted model for Non-signaling cooperation

to n-copies of the channel w = y®"
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We get a single letter formula for inner bound to
capacity region of assisted channel

[ w e QY forr € {L, ,Q,NS}J




Non-signaling cooperation between senders

Local correlations Yh(xq, x2|uq, uy) = 2 p(4) p(xq|uq, 1) p(xz|uy, 4)
7

Quantum correlations YO (x1, X2y, uz) = T1 [ o, a, H:: ® H;cl: ]

(sz )’NS(x1,xz|u1,u2) = )’NS(x1 luq ) h
No-signaling correlations

\le )’NS(x1,x2|u1,uz) = YNS(xz luy )




Single letter formula for achievable rate region (inner bounds on capacity region)

wec

Foranyr € {L,Q, NS},

R =cl ({{Rl,jo :

\_

R4 iif{ul;Y|U2],
R, < I(Ua;Y|Uy),
Ri+ Ry < I(Uq, Uz;Y),

R.=sup sup
TELT pluy)pluz)

I(lh, Uy;Y).

\

for some p(uq)p(uy) and v € Fr}) ,

/

Goal: Capacity separation results with assistance
of non-signaling cooperation.




Noisy Channel Models



Proof of concept

Example

Example: Two-Senders One-Receiver Multiple Access Channels

X1 = (X11, X12)

X11 | X12 |

X21 | X22 |

X2 = (X21, X22)

All variables are bits: {0, 1}

d(y1,x11) ()2, x21),
PN(J/L Y2 |x11 » X12, X21, Xzz):
1/4

It X120 P Xoo = X11X01

otherwise.




Resource: Popescu-Rohrlich nonlocal box

mq,m, € {0, 1}

PR-box

P(ay,azlmy,my) = 2 d(mymy,a;®D a,)
M — D at PR-box correlation

ala2|m1m2 00 01 10 11

1 T T
00 > > > 0
D 01 0 0 0 %
m2 = a2 I
10 0 0 0 >

1 1 1
11 > > > 0

ai, a € {0, 1}




Sum-Capacity Enhancement

' mi

XS

m2
4

PR-box \

X11=m1 X112 = af =
al
N ——Y1=m1 | Y2=m2 é;, v
D a? X2 =P  X22 = 02 e

RT® =1(M1; Y1, Y2|M2) =1
RU® =I(M2; Y1,Y2M1) =1
Ri™ +Ri™ =I(M1,M2;Y1,Y2) =2

Sum Capacity = R{ *+ R =2 /




Key features

» Consider some multiple access channel
N :X=(X1,X2)=Y =Pax(y|x=(x1.%x)).

» Suppose the channel is asymmetric on a bi-partition X = X + X

N ifx:(xl,xz)e)?
N =< _

N if x = (x1.x) e;?

» Then if senders share nonlocally-correlating encoder
E(x1.%»|m, ms) such that Py(x € X) > Pgp(x € X), one may get
quantum and nonlocal advantage.

» Nonlocal correlations shared between senders and receivers has
potential to increase capacity region and sum-capacity of the
entanglement assisted network channels.

» Motivates channels N defined with reference to some Nonlocal
Games.



Nonlocal Games

2-party Nonlocal-Game G

» Question Set: Xj1 = A = {O, ...,d—l}
Answer Set: Xj2 = Xy = {0,...,D—1}

T11 T21

L v
N A
v |

T2 5D

» Winning condition:

X = (X11,X12; %21, X202 ) € Wg C A1 X Ao X Ao X A

» Winning probability: w =} -y p(x)

» Nonlocal Game: w; < wpL




Channel Model

2-sender MAC with reference to a Nonlocal Game G

4
Ne,,  if inputs € We,
NG = 1
N, otherwise.
\
lil
A]infl e

X = (X1, X12)

Ne Bob

i’ y= ()
Alice2

Xy = (X1, X27)




Example: Magic square game (Quantum pseudotelepathy game)

4 b

Question Set: Aj; = A5 ={0. 1, 2}
Answer Set: X, = Ay = {000,001,010,011.100. 101,110, 111}

I I

X12 = (ﬂ% ﬂ%: ﬂ%)

‘ | 239 = (“g: ﬂ%r ﬂ%)
: a1 N y

£12 T2

el
Wuis = {(Ill;l’lzi Y1, Xp): 0 G ayGag =0,

GG =1, n" :ﬂ?‘}.

w. =8/9 wo =1



. e S Optimal Quantum Protocol
Answer Set: X2 = o = {000.001.010.011.100,101,110,111} 0 1 2
% T2 xlz = (al’ al’ al)

1 4 X2 = (ag, a3 a3)
T ? |. Players A; and A, share a pair of
singlet state.
m--- Wis = {(3'11,-1‘12; Xo1,X) : @ S aj B at =0,
- Beaed=1 4" =g, lI. On questions x;; and x,; they apply
_ > respective local unitaries Uy, Uy, to
- their local two qubits followed by
: measurement in standard basis.
4 1
[¥) 414, =5 (100)4,[11) 4, = [01) 4,[10) 4, Il. Player A; answer the first two bits
—[10) 4, [01) 4, + [11) 4,]00) 4,) . with measurement outcome and third
2 - 5
\_ one such that the parity is even.
i 001 i1 1 i -1 -1-1 1
%:L 0—-i10 @,:1 —1:1—1 z @,2:1 1 1-1 1], ] )
TR0 o) Tl i1 -1 i) 2( 1-1 1 1) V. Player A, answer the first two bits
1 00§ -1 1 —i 1 -1-1-1 . .
with measurement outcome and third
P11 1 i1 i 10 01 one such that parity is odd.
(- - 1 -1 1 1 i1 —i 1 1-10 01
%2(1 1 i 1) 7/‘2(11‘1 i) “"/2\/5(01 10)'
- i 1 1 -1 i1 —i 01-10




Depolarizing MAC channel based on the Magic square game

4 % 2 1y N\
Nys=4 =
MS
1 P
(9 otherwise.




Summary

1. We derived bounds on sum-capacities of 2-sender one receiver
multiple access channels based on nonlocal games for the
resource set L, (), NS

2. We showed capacity enhancement results when resource set
varies from L, Q, NS.

3. We showed that for certain class of quantum pseudotelepathy
games the quantum upper bound is achieved.

4. From more practical side, we like to extend our findings to the
converse problem: given asymmetric-network channels with
multiple senders and receivers, when can entanglement
assistance lead to expansion of the capacity region.

Thanks for your attention.
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