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Int erference Channels and Det erm inist ic M odels

Capacit y of a  Gaussian Int e rference  Channe l

– A long standing open problem

– Recent  Advancements m ade by using the 
'determ inist ic m odel'

– Capacity of the canonical 2 user IC has been 
determ ined upto 1 bit  [Etkin,  Tse ,  W ang '07 ]

Fig 1 .  Tw o User Gaussian Int er ference Channel

Fig 2 . Two User Determ inist ic Int erference Channel 

Det erm inist ic M ode l

– First  proposed in the context  of Gaussian 
Relays [Avest im ehr,  Diggavi,  Tse  '07 ]

– Naturally m odels the Gaussian Channel

– Sim pler to analyze

– Provides intuit ion towards 'capacity achieving' 
schemes in the Gaussian Case
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Know n Capacit y Result s for Det erm inist ic IC

Capacit y In 2  User Case

– Known for a General Class of Determ inist ic IC due 
to [El-Gam al, Cost a ,  '8 2 ]

– Alternat ively derived for a m ore special case by 
[Bresler,  Tse '08 ]

– Can be achieved by the Han-Kobayashi schem es [  
Han, Kobayashi '8 1 ] ,

Fig 3. A General Deterministic I C

R1≤H Y1∣V2 
R2≤H Y2∣V1

R1+R2≤H Y1∣V1V2 +H Y2 
R1+R2≤H Y2 +H Y2∣V1V2 
R1+R2≤H Y1∣V1+H Y2∣V2 

2R1+R2≤H Y1+H Y1∣V1V2 +H Y2∣V2 
R12R2≤H Y1∣V1+H Y2 +H Y2∣V1V2 
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Fig 4. Many -to – One Deterministic IC

Beyond 2  Users

● Capacity is known for Many-to-One 
and One-to-Many Channels [Bresler,  
Parekh, Tse,  08 ]

● Three User Lat t ice Coding st rategies 
for Gaussian Case [Sridharan, 
Ja frian, Visw anat h,  Ja fa r,  Sham ai 
'08 ]
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New Capacity Results for 'n- user' Pairw ise Symmetric Interference

Lem m a:  For an  'n '  user sym m etric 
pairwise in terference channel, the sum  
capacity can  be achieved by directly 
extending the two-user sym m etric 
in terference case.

Key Observation  :  Considering three 
adjacen t users at a tim e, due to the 
sym m etry in  the in terference pattern , 
the achievable two-user rates are also 
achievable.

In  th is exam ple,  we have 
                                              while the 
sym m etry conditions are given  by

R
1
=2,R

2
=3 achieves capacity for a two 

user system  with  th is in terference 
pattern  [Berry, Tse '08]
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Three User Pairw ise  Int erference Syst em

Motivation

● sim plest extension  beyond 2 user system  m otivated by the previous exam ple.

● one user on ly gets in terfered by its two nearest users and thus is just one step  beyond a two user 
system  that cap tures the peculiarity of an  'n '  user sytem

● m odels the in terference pattern  of cellu lar base stations in  a linear, say h ighway, network.

A General 3 User Deterministic Interference Model
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Sum  Rat e  Upper Bounds

} Individual rate bounds

}Com es from  Two-user Sum  
Rate Bounds 

}Three-user Sum  
Rate Bounds 

Observations

1. Sum  rate bounds for th is m odel differs from  the two user m odel in  term s of the presence of 
the function  g(.) that m odels the in teraction  between  the in terferences from  users 1 and 3 at 
the receiver of user 2.

2. Un like the 2 user case, un iform  input distributions m ay not m axim ize the upper bounds in  
the RHS of all the above inequalities 

Bounds

1 R1 ≤H Y1∣V2
2 R2 ≤H Y2∣V1
3 R3 ≤H Y3∣V1

4 R1R2R3 ≤.5∗H Y1H Y1∣V1V2
1H Y2∣V2

1H Y3H Y3∣V3V2
3H Y3∣V2

3

5 R1R2R3 ≤H Y1∣V1V2
1H Y2H Y3∣V3V2

3H V1V3−H gV1V3
6 R1R2R3 ≤H Y1H Y2∣V1V3V2

1V2
3H Y3−I V2

1 ; V2
3

7 R1R2R3 ≤H Y1∣V1H Y2∣V2
1V2

3H Y3∣V3H V1V3−H gV1V3
8 R1R2R3 ≤H Y1∣V1V2

1H Y2∣V1V3V2
1V2

3H Y3H V1H V2
1H V2

1∣V2
3−H V2

3
9 R1R2R3 ≤H Y1H Y2∣V1V3V2

1V2
3H Y3∣V3V2

3H V3H V2
3H V2

3∣V2
1−H V2

1
10 R1R2R3 ≤H Y1∣V1V2

1H Y2H Y3H V1−H V2
3−H gV1V3

11 R1R2R3 ≤H Y1H Y2H Y3∣V3V2
3H V3−H V2

1−H gV1V3



Scenarios w here  bounds can be  t ight  - I

A low Interference Scenario

Assum ing  
the bound (7) can  be reform ulated as 

An achievable scheme: Transm it from  all the levels 
at Tx 1 and Tx3. Transm it from  the free levels at Tx 
2 which  are neither in terfered with  nor do in terfere. 
This gives a sum  rate of  

Tx1 Rx1

Tx3 Rx3

Tx2 Rx2

n21>n23 ,n12>n32

Fig 7. Low Interference Case where we can determine the sum capacity

n11n12n21, n22max n21,n23max n12 ,n32,
n33n23n32,

R1R2R3 ≤max n12,n11−n21
max n32,n33−n23


max max n21 ,n23 ,n22−max n12,n32

min n21,n23
=n11−n21n33−n23n22−n12n23

=n11−n21n33n22−n12

n11n33n22−max n12,n32−max n21,n23


=n11n33n22−n12−n21



Scenarios w here  bounds can be  t ight  - I I

A some-what Symmetric Scenario

The In terference relation  between  user 1 and 
user 2 is the sam e as that between  user 3 and 
user 2, i.e., 

If such a sym m etry exists, either the upper 
bound (4) or the upper bound derived from  2 
user sum -rates is always tigh t.

In  th is exam ple, upper bound (4) is tigh t as 

An  ach ievable strategy is  to transm it from  all 
levels of the users 1 and 3 while user 2 shuts off

 

n12=n32, n21=n23 ,n11=n3 3
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Fig 8. A some-what Symmetric Interference Case where we can determine the sum capacity

2∗R1R2R3≤max n11,n12n11−n21
max n21,n22−n12


max n33,n32n33−n23

max n23,n22−n32


R1R2R3≤.5∗n11n11−n21n21n33n33−n23n23
=n11n33



W hat 's Next  and References

We plan to

●  Characterize all the cases where the sum  rate upperbounds are tight
●  Extend our results to n -users
●  Look at the Gam e Theoretic aspects of the 3 and then  n  user In terference gam es on  the determ in istic 
channel
●  Use all the above results for extending to the Gaussian  coun terparts
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