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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 !



We get a single letter formula for inner bound to 
capacity region of assisted channel 

Restricted model for Non-signaling cooperation 
to n-copies of the channel  𝜔𝜔 = 𝛾𝛾⊗𝑛𝑛



Non-signaling cooperation between senders

𝜸𝜸𝑳𝑳 𝒙𝒙𝟏𝟏,𝒙𝒙𝟐𝟐 𝒖𝒖𝟏𝟏,𝒖𝒖𝟐𝟐 = �
𝝀𝝀

𝒑𝒑 𝝀𝝀 𝒑𝒑 𝒙𝒙𝟏𝟏 𝒖𝒖𝟏𝟏,𝝀𝝀 𝒑𝒑(𝒙𝒙𝟐𝟐|𝒖𝒖𝟐𝟐,𝝀𝝀)Local correlations

𝜸𝜸𝑸𝑸 𝒙𝒙𝟏𝟏,𝒙𝒙𝟐𝟐 𝒖𝒖𝟏𝟏,𝒖𝒖𝟐𝟐 = 𝑻𝑻𝑻𝑻 [ 𝝆𝝆𝑨𝑨𝟏𝟏𝑨𝑨𝟐𝟐 𝚷𝚷𝐱𝐱𝟏𝟏
𝐮𝐮𝟏𝟏 ⊗ 𝚷𝚷𝐱𝐱𝟐𝟐

𝐮𝐮𝟐𝟐 ]Quantum correlations

∑𝒙𝒙𝟐𝟐 𝜸𝜸𝑵𝑵𝑵𝑵 𝒙𝒙𝟏𝟏,𝒙𝒙𝟐𝟐 𝒖𝒖𝟏𝟏,𝒖𝒖𝟐𝟐 = 𝜸𝜸𝑵𝑵𝑵𝑵 𝒙𝒙𝟏𝟏 𝒖𝒖𝟏𝟏

∑𝒙𝒙𝟏𝟏 𝜸𝜸𝑵𝑵𝑵𝑵 𝒙𝒙𝟏𝟏,𝒙𝒙𝟐𝟐 𝒖𝒖𝟏𝟏,𝒖𝒖𝟐𝟐 = 𝜸𝜸𝑵𝑵𝑵𝑵 𝒙𝒙𝟐𝟐 𝒖𝒖𝟐𝟐
No-signaling correlations



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

𝑹𝑹𝑻𝑻 ≠ 𝑪𝑪𝑻𝑻

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



Noisy Channel Models



Proof of concept 



Resource: Popescu-Rohrlich nonlocal box

𝒎𝒎𝟏𝟏,𝒎𝒎𝟐𝟐 ∈ {𝟎𝟎,𝟏𝟏}

𝒂𝒂𝟏𝟏,𝒂𝒂𝟐𝟐 ∈ {𝟎𝟎,𝟏𝟏}

𝑷𝑷 𝒂𝒂𝟏𝟏,𝒂𝒂𝟐𝟐 𝒎𝒎𝟏𝟏,𝒎𝒎𝟐𝟐 =
𝟏𝟏
𝟐𝟐
𝜹𝜹( 𝒎𝒎𝟏𝟏𝒎𝒎𝟐𝟐, 𝒂𝒂𝟏𝟏⊕ 𝒂𝒂𝟐𝟐 )



Sum-Capacity Enhancement



Key features



Nonlocal Games



Channel Model



Example: Magic square game (Quantum pseudotelepathy game)

𝝎𝝎𝒄𝒄𝒄𝒄 = 𝟖𝟖/𝟗𝟗 𝝎𝝎𝑸𝑸 = 𝟏𝟏



I. Players 𝐴𝐴1 and 𝐴𝐴2 share a pair of 
singlet state.

II. On question 𝑥𝑥11 , 𝑥𝑥21 they apply local 
unitaries (𝑈𝑈𝑥𝑥11 ,𝑈𝑈𝑥𝑥21) to their local two 
qubits followed by measurement in 
standard basis.

I. Player 𝐴𝐴1 answer the first two bits 
with measurement outcome and third 
one such that the parity is even.

II. Player 𝐴𝐴2 answer the first two bits 
with measurement outcome and third 
one such that parity is odd.

Optimal Quantum Protocol

I. Players 𝐴𝐴1 and 𝐴𝐴2 share a pair of 
singlet state.

II. On questions 𝑥𝑥11 and 𝑥𝑥21 they apply 
respective local unitaries 𝑈𝑈𝑥𝑥11 ,𝑈𝑈𝑥𝑥21 to 
their local two qubits followed by 
measurement in standard basis.

III. Player 𝐴𝐴1 answer the first two bits 
with measurement outcome and third 
one such that the parity is even.

IV. Player 𝐴𝐴2 answer the first two bits 
with measurement outcome and third 
one such that parity is odd.

Optimal Quantum Protocol



Depolarizing MAC channel based on the Magic square game 

𝐶𝐶𝑠𝑠 ≤ 𝑹𝑹𝒔𝒔𝑳𝑳 < 𝑹𝑹𝒔𝒔
𝑸𝑸 ≤ 𝐶𝐶𝑠𝑠

𝑄𝑄
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