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What is PDMA?

• Pattern Division Multiple
Access

• Replication of packets
across resource elements

• Enabled via successive
interference cancellation

• With capture effect,
throughput can be
increased to greater than 1

• PDMA - binary patterns
assigned to users

G =


g11 g12 . . . g1M

g21 g22 . . . g2M
...

...
. . .

...
gT1 gT2 . . . gTM


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System Model

• Users transmit packet
replicas according to the
pattern matrix G

• yt =
∑M

m=1 gtmhtmxm + nt
• Noise, nt ∼ CN (0N ,N0IN)

• Transmit packets xm have
E[xm] = 0 & E[|xm|2] = P

• Channel gain,
htm =

√
βmvtm

• Path loss, βm = (rm/r0)−α

• Fading,
vtm ∼ CN (0N , σ

2
hIN)
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User M

User m
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Channel Estimation

• Each packet header carries a pilot xm =
√
P

ypkt =
∑

i∈Sk
gtihti

√
P + npt (1)

• MMSE channel estimates are recomputed every iteration as
ĥktm , E

ypkt
[htm]

ĥktm =

√
Pσ2

hgtmβm
Pσ2

h(
∑

i∈Sk g
2
tiβi ) + N0

ypkt =: ηktmy
pk
t (2)

• The estimation error h̃ktm , ĥktm − htm is uncorrelated with the
received pilot signal and the estimate itself
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• Threshold based decoding: SINR ≥ γth ≥ 1

• Under the common pilots scheme, MRC is performed

ỹktm = ĥkHtmykt = ĥkHtm ĥktmgtmxm︸ ︷︷ ︸
Signal

+ ĥkHtmnt︸ ︷︷ ︸
Noise

+ ĥkHtm
∑

i∈Smk
gtihtixi − ĥkHtm h̃ktmgtmxm︸ ︷︷ ︸
Interference

(3)

• Effective SINR is calculated as

SINRk
tm =

Pg2
tm‖ĥktm‖2

N0 + P

( ∑
i∈Sk

g2
tiδ

k
ti +

∑
i∈Smk

g2
ti‖ĥkti‖2

) (4)

Chirag Ramesh User Activity Detection in PDMA 6 / 16



Recap Results User Activity Detection References

Results

• Parameters: P = 1, γ = 4,
α = 3, N = 4,
σ2
h = 1,T = 50,

rmax = 1km, r0 = 0.1km,
N0 = 10−4 &Nsim = 100

• Common pilots result in
drop of 50% throughput
w.r.t. of perfect CSI

• Dedicated pilots can recover
loss at the cost of
Md − T = 190 extra
training symbols for M = 60
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• For lower loads, increasing
the number of antennas
marginally increases the
throughput and saturates
thereafter

• For higher loads, increasing
the number of antennas
increases the throughput

• Decreasing the capture
threshold yields higher
throughputs as more users
are decoded
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User Activity Detection
Approach 1:

• Received Pilot: ypkt =
√
P
∑

i∈Sk gtiaihti + npt
• ML/MAP based detection

ypkt | a ∼ CN (0N , stIN)

st = Pσ2
h(
∑

i∈Sk
g2
tia

2
i βi ) + N0

=⇒ ‖ypkt ‖2 | a ∼ st
2

Γ(N, 2)
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• ỹ = [‖ypk1 ‖2, ‖ypk2 ‖2, . . . , ‖ypkT ‖
2]T

• ML: max
a∈{0,1}M

p(ỹ|a) = max
a∈{0,1}M

∏T
t=1 p(ỹt |a)

= min
a∈{0,1}M

T∑
t=1

(
ỹt
st

+ ln
(st

2

))
s.t. st = Pσ2

h Gt: diag (β) a + N0, ∀t

• Non-convex integer programming problem

• Channel estimation as before
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• MAP: Prior p(a) =
∏M

m=1 p(am), p(am) = pama (1− pa)1−am

max
a∈{0,1}M

p(ỹ|a)p(a) = max
a∈{0,1}M

(
T∏
t=1

p(ỹt |a)

)(
M∏

m=1

p(am)

)

= min
a∈{0,1}M

T∑
t=1

(
ỹt
st

+ ln
(st

2

))
+ ln

(
1− pa
pa

) M∑
m=1

ai

s.t. st = Pσ2
h Gt: diag (β) a + N0, ∀t
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Approach 2:

• τ−length pilots pi used with ‖pi‖2 = P

Ypk
t

H
=
∑M

i=1
gtiaipih

H
ti + Np

t
H

= [gt1p1, . . . , gtMpM ]

 a1hHt1
...

aMhHtM

+ Np
t
H

=⇒ Ypk
t

H︸ ︷︷ ︸
τ×N

= Φt︸︷︷︸
τ×M

Xt︸︷︷︸
M×N

+Np
t
H︸︷︷︸

τ×N

• Use CS methods to get activity coefficients only

• Discard channel estimates
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• Channel estimation:

ypktm = Ypk
t pm = Pgtmâmhtm + Np

t pm

+
∑

i∈Smk
gti âihtip

H
i pm

=⇒ ĥktm = E
[
htm|ypktm

]
=

Pgtmâmβmσ
2
h

PN0 + σ2
h

∑
i∈Sk g

2
ti â

2
i βi |pHi pm|2

Ypk
t pm

=⇒ SINRk
tm =

Pg2
tmâ

2
m‖ĥktm‖2

N0 + P

( ∑
i∈Sk

g2
ti â

2
i δ

k
ti +

∑
i∈Smk

g2
ti â

2
i
|ĥkHtm ĥkti |

2

‖ĥktm‖2

)
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Approach 3:

• Channel hardening & asymptotic energy based detection

‖htm‖2

N
N→∞−−−−→ βmσ

2
h

hHti htj
N

N→∞−−−−→ 0

=⇒ ‖ypktm‖2

N
− PN0

N→∞−−−−→ σ2
h

∑
i∈Sk

g2
tiβia

2
i |pHi pm|2

 =: Etm

• Etm = σ2
h Gt: diag (β) diag (a) P′:m

• P′nm = |pHn pm|2
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• Received energy matrix E =


E11 E12 . . . E1M

E21 E22 . . . E2M
...

...
. . .

...
ET1 ET2 . . . ETM


• Collect asymptotic energies for all users across all REs

Etm = σ2
h Gt: diag (β) diag (a) P′:m

E︸︷︷︸
T×M

= σ2
h G diag (β)︸ ︷︷ ︸

T×M

diag (a)︸ ︷︷ ︸
M×M

P′︸︷︷︸
M×M

↓ Khatri-Rao vectorization

eTM×1 = ΦTM×M a′M×1
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