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What is PDMA?

e Pattern Division Multiple
Access

® Replication of packets
across resource elements

® Enabled via successive
interference cancellation

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

e PDMA - binary patterns
assigned to users
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System Model

® Users transmit packet
replicas according to the
pattern matrix G
®y:= Zgzl gtmhtmXm + Nt
® Noise, ny ~ CN(0p, Noly)
e Transmit packets x,, have
E[xm] =0 & E[|xm|?] = P
® Channel gain,
htm = \/B?Vtm Base Station
® Path loss, Bm = (rm/r0) ¢
¢ Fading,
Vim ~ CN(ON, O’%'N)
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Channel Estimation
e Each packet header carries a pilot x, = /P

k

® MMSE channel estimates are recomputed every iteration as
i A
hin = Epe [hen]

ik \/ﬁaigtmﬁm

hin = vy =iyt (2)
tm PO—%(ZiESk g?,ﬁ,)-i-/\/o t tmJt

* The estimation error hX 2 h% — h,,, is uncorrelated with the
received pilot signal and the estimate itself
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® Threshold based decoding: SINR > ~,, >1

® Under the common pilots scheme, MRC is performed

~k WkH  k i kH i kH
Vem = MemYe = hy htmgtmxm +h
ﬁ,—/
Signal Noise
hiH hyix; — hTRK
+him o om BtiNi X[ — tm8tmXm
i€S]
Interference
o Effective SINR is calculated as
Pg2,|lhk,|>
k tm
SINRK =
2 sk 2
No + P Zg 0 + th,llh A
iES) ieS k
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-BD:Lweccated Pilots
— 27|k Common Pilots
Results )
‘é 1.5
® Parameters: P=1,v=4, =
=2 1t
a=3, N=4, g
o2 =1,T =50, o
Fmax = 1km, rg = 0.1km,

No = 10~* & Ny, = 100

® Common pilots result in

drop of 50% throughput "
w.r.t. of perfect CSI o
® Dedicated pilots can recover %
loss at the cost of ER
Md — T = 190 extra é
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

Throughput (7°)

Throughput (7
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User Activity Detection
Approach 1:

® Received Pilot: yfk = ﬁz,‘esk giiaihy +n?
¢ ML/MAP based detection

“|a~CN(Op,sly)
St = PU%(Z gtl IBI) + No

> (N, 2)

k
= Iy a2

2
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- k K k
o 5= [y I1P lIy5 %, IyF IR

e ML: max y|la) = max r Vi|a
ae{oyl}Mp(y\ ) sl [1:=1 p(7la)

T 7 <

) t t

= min — +1n ())
ae{O,l}’V’; <5t 2

st. s, = Por G diag (8) a+ No, Vt

® Non-convex integer programming problem

® Channel estimation as before
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e MAP: Prior p(a) = [IY_, p(am), p(am) = p2m(1 — pa)t=2m

T M
aerR%MP(?Ia)P( = (Hp Jela) ) <£[1p(am)>

t=1

T . M
. Yt St 1—p;
= min — +1n ())—Hn( ) aj
ae{O,l}’V’; <5t 2 Pa Z

m=1

st. s = Po? G, diag(8) a+ Np, Vt
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Approach 2:
® 7—length pilots p; used with ||p;||*> = P

KH M H
Ye = Zi:l geiaipihy + N?

H
alhﬂ

. H
= [gtlpla"'agt/\/lpl\/l] : +N?

H
— Y= &, X, +NPM
~—~

—— O~~~
TN XM MxN  +xN

® Use CS methods to get activity coefficients only

® Discard channel estimates
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® Channel estimation:
th kapm = Pgtmamhtm + Nt Pm
+ Z,-esg gudihepf'pm

= IA‘l;m =E [htm|ygf1}

References
o]

_ Pgtmé\mﬁmo—% Yfkpm
PNo + 07 Y ics, 859 Bilpi Pm[?
Pg2,5% ||hk, |12
— SINRIt(m — gtm mH tm” o
o+ P | X atatat - 5 gttt
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Approach 3:

® Channel hardening & asymptotic energy based detection

hioll?2 N
hnl?

H
ht,'htj N—o0
L %

0
N

2
Ytm N
= H ” ’DN HOO} Uh E gtzlﬁl 2’P, pm’2 = Etm

N
€Sk

e Fi = a% G; diag (B3) diag(a) P/,
¢ P/nm = |prl;lpm|2
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. . Egl E22 R E2M
® Received energy matrix E =
Eri Ero ... Etm

® Collect asymptotic energies for all users across all REs

Etm = U/2~, Gt: dlag( ) dlag (a) P,m
E = o?Gdiag(B) diag(a) P’

~— , ~—~
M TXM Mxm  MxM

2

J Khatri-Rao vectorization

/
eTmx1 = Prmxm @ mx1
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