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—mphasis on cognitive Tx, CTx!




Cognitive Tx?

1. White-space filling

CTx senses spectral gaps + fills them

CTx CRx
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2. Underlay / interference-temperature &/ o

CTx aqjusts power to interference temp. ™ $

3. Overlay
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CTx controls interference




What about intelligent CRx behavior?




What about intelligent CRx behavior?

Opportunistic Interference Cancelation!
OIC
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Opportunistic Interference Cancelation (OIC)

e introduced by Popovski et al. [P Popovski, H. Yomo, K. Nishimori, R. D.
Taranto, and R. Prasad, DYSPAN 2007]

Py <min{lo/|hp|*, P1}

CTx
Power limited OIC at CRX

to P+

Power limited
to Pp
Transmit at
given rate Rp

I |hpp|2

R, = log (1 iy ) Interference margin I
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KEY ASSUMPTION:
CRx has codebook of (PTx,PRx)

uses this to deoodV “opportunistically”




Decode PTx message opportunistically”?




“Opportunistically:”

CTx Ny CRx
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PTx
Constraint 1: R} fixed by primary

Constraint 2: primary SNR at CRx depends on channel gain

Tpl = ‘h1p|2pp
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Yi=hi Xi +hpn Xy + Ny

o1 RS < h1p
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N> PrRx

Multiple Access Channel, know capacity!

N CRx

n11 f @ RC S I(Xl,Yl
hip R\ < I(Xp; Y3
R0+Rp < I(XlaXp;Yl)

Fixed to R = find R,
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“Opportunistically:”

R} fixed by primary

Case 1: 7,1 large , opportunistically cancel PTx message

Yl — hlle h N1
X . gets rates

Case 2.+, small , treat PTx mesgage as noise 3c




[P Popovski, H. Yomo, K. Nishimori, R. D. Taranto, and R. Prasad, DYSPAN 2007]
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What about OIC in networks of cognitive users?




What about OIC in networks of cognitive users?

Same idea - use primary codebook
knowledge to decode and cancel primary
message when channel conditions permit!
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Networks with OIC assumptions

e Interference margin: single primary user operates at a positive 0

_ I |hpp|2
R, = log (1+ {2l )

e Codebook knowledge: all CRxs have primary codebook knowledge

e Primary remains oblivious to secondary operation: primary continues to
operate as usual and does not change ANY of its behavior! Support legacy
systems!

o Channel knowledge assumption: CTxs and CRxs assumed to know quasi-
static channel gains f;;
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Power limited CTx1
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Power limited
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- Power limited given rate Rp
Power limited

toPu CTx M to P

What secondary rates can we achieve?
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Power limited P
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Multiple access channel with OIC
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Power limited A

CTx M to P PTx

e divide into cases: decode PTx message at or not
e for each case, obtain region as M+1 user MAC channel with FIXED R;;

e take union over power constraints

Pyrac = {(Py, P, -+, Pyy) such that
hip|? Py + |hop|? Py + - -+ + |harp | Par < Imargin } -
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Power limited A

CTxM to P PTx

For a given R/, 7,1, an achievable rate region Ryrac is given by the convex
hull of the union over all P = (Py, Py, -+, Pas) € Parac of the regions R(P) =
(R1, Ra,- -+, Rp) such that if R} > C(vp1), the primary signal is treated as
noise, resulting in the region:

N (z Rt) < (Vi Xop X,
TC{1,2,-M} \teT

and if R} < C(7p1) then the primary signal may be decoded at CRx 1, resulting
in the region

ﬂ (Z Rt) < I(Y1; X1|X5), where R, = R

TC{1,2,--M,p} \t€T

T#{p}




CTx1

Multiple access channel with OIC @\

\
Power limited A

P pry

Achievable rate regions for opportunistic MAC channel

- --Rx 1 decodes primary
Rx 1 can but does not decode primary
Rx 1 does not decode primary




Interference channel with OIC
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Interference channel with OIC
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What secondary rates can we achieve?
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Interference channel with OIC
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Power limited

to Pp PTx
e divide into cases: decode PTx message at one, both or neither CRx

e for each case, obtain region as known achievable rate region (3 user
extension of Han + Kobayashi region for interference channel) with FIXED R;’;

e take union over power constraints

PINT — {(P17P2) such that |h1p‘2P1 + ‘h2p‘2P2 < Imargz’n} -




For a given R}, 751 and 7,2, an achievable rate region Rynyr is given by the
convex hull of the union over all P = (Py, P») € Pryr of the regions R(P) =
(R1 = Ri1 + Ri2, Ry = Ro1 + R22) such that:

1. If Ry > max(C(vp1), C(7p2)) then the primary signal is treated as noise
at both CRxs, with resulting region:

N (Z Rt1> < I(Y1; X[ X7),

TCTy \t1€T

M (Z Rt2> < I(Ya; Xop|Xip).

TCT2 tQET

2. If C(vp2) < R, < C(7p1), then CRx 1 can decode the primary, while CRx
2 cannot, with resulting region:

N > Rt1> < I(Yy; Xr|X5), for R, = R,

TCT? T#{p} \tL€T

(> Rt2> < I(Ya; Xp|Xop).

TCT2 tQGT

3. If C(vp1) < R;; < C(7p2), then CRx 2 can decode the primary, while CRx
1 cannot, with resulting region:

m (Z Rt1> < I(Y1; X7|X7)

TCTy \t1€T

m (Z Rt2> SI(YQ,XT|XT), for RPZR;

TCTY T#{p} \t2€T

4. If Ry < C(vp1) and Ry < C(7p2) then both CRxs can decode the primary
message, resulting in the region:

ﬂ (Z Rt1> < I(Y1; X7 |X75), for R, = R}

TCTP, T#{p} \t1€T

N (Z Rt2> < I(Y2; Xr|X5), for R, = R},

TCTY T#{p} \t2€T
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— Both Rx 1 and Rx 2 decode primary
---Rx 2 decodes primary
Neither decodes primary




Broadcast Channel with OIC
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Broadcast Channel with OIC
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Broadcast Channel with OIC
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Broadcast channel with OIC

e divide into cases: decode PTx message at one, both or neither CRx

e for each case, obtain region as known achievable rate region (adjusted
Marton’s region) with FIXED R;';




For a given primary rate R, = R, and given 7,1 and 7,2, an achievable rate
region Rpc is given by the convex hull of the union over all distributions
p(u,v,x) = p(u,v)p(x|u,v) of the regions R(P) = {(R1, R2)} such that:

L. If Ry > I(X,;Y1|X) and R > I(X,;Y2|X) then the primary signal is
treated as noise at both Rxs:
R, <I(U; Y1) Ry < I(V;Y3)
Ri+ R <I(U;Y1)+ I(V;Y3) = I(U; V)

I I(X,; Yo X) < Ry < I(X,;Y7]X), then CRx 1 can decode the primary,
while CRx 2 cannot:
Ry < min(I(U§ Y1|Xp)7 I<U7 Xp; Yl) - R;)
Ry < I(V;Y3)
Ry + Ry <min(I(U; Y1|X,), [(U, Xp; Y1) — R))
+1(V;Y2) = I(U; V)

I I(Xp; Y1 X) < R < I(Xp; Y2|X), then CRx 2 can decode the primary,
while CRx 1 cannot:
R, <I(U;Y7)
Ry < min(I(V;Y2|X,), I(V, Xp; Y2) — Ry)
Ri + Ry <min(I(V;Ya]| X)), I(V, Xy;Y2) — RY)
+1(U; Y1) = I(U; V)

R < I(Xp; Y1[X) and R < I(X); Y| X) then both Rxs can decode the
primary message:
Ry <min(I(U;Y1|X,), (U, X,; Y1) —
Ry <min(I(V;Y2|X,), [(V, X,;Ys) —
Ry + Ry <min(I(U; Y11X,), (U, Xp,Yl)
+min(I(V;Y2|X,), I(V, Xp; Y2) — R)) —

(FAST)




— Achievable 4
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Channel parameters for BC with OIC: For the BC with
OIC, we vary the channel to visit the four different OIC
scenarios described in Theorem 4. Specifically, let v,;, =
|hpi|? P, then the parameters used in the four cases of Theorem
4 are: P = 6, noise power 1, R, = 0.5, hy = 1,hy = 0.7.
Case 1: yp1 = vp2 = 0.3. Case 2: y,1 = 1,72 = 0.3. Case
3: Tp1 = 03, p2 = 1. Case 4: Ypl = Vp2 = 1.




Added benefit of OIC - interference reduction

e for fixed secondary rates, OIC may allow secondary to REDUCE POWER, and
thus reduce interference to primary! (shown for IC with OIC)

o
-

— Interference when both can decode
- - =Interference when one user can decode
Interference when neither user can decode

ek
)
|

[
-

Interference to the primary

N

Desired secondary rate




Conclusion

¢ Interference margin

e Codebook knowledge

e Primary remains oblivious to secondary operation

Cognitive Rxs may opportunistically
decode and cancel primary message,
improving own rates at no cost to primary

whatsoever!




Questions!?

petarp@es.aau.dk devroye@ece.uic.edu
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