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IntroductiQn

E Multiple access schemes:
A Time division multiple access (TDMA)
A Frequency division multiple access (FDMA)
A Code division multiple access (CDMA)
A Orthogonal frequency division multiple access (OFDM)
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E LongTerm Evolution (LTE) adopts orthogonal
multiple access (OMA).

E OMA utilizes its orthogonality to achieve a good
system throughput with simple and structural
receiver design.
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Introduction

E In order to improve system throughput, nen
orthogonal multiple access (also known as muder
superposed transmission (MUST)) has been
discussed.

E MUST allows transmission of information from
several users at the same frequency band or at the
same time slot.

E Advance receiver design such as maximum likelihoo
(ML) receliver or successively interference
cancellation (SIC) receiver Is necessary for MUST.

E Two kinds of MUST schemes will be introduced:
i Nonorthogonal Multiple Access (NOMA)

¢ Rateadaptive constellation Expansion Multiple Access
(REMA)
NTLab
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Introduction to NOMA
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E Non-orthogonal Multiple Access (NOMA)

e SIC of UE#2 UE#1 signal
Base signal decoding
Station

UE#2 signal
Power UE#2 -

decoding
/mrequency

Power for UE#2 Power for UE#1

* Transmission signals:

r =/ P151 + />89

where s1 is the signal to UE#1, aad  to UE#2Fdhd|*] and E[|s2|?]
are both unity.

~ ~
bl

z 0 0 0,whereo is total transmission power of the BS.
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Introductipn to

NOMA
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E Received signal at U
y@:h@a:'%—nrb:hz (\/P151+\/P232)+n@-, i:1,2

whereQis the channel gain between BS and Qafde is
an additive white Gaussian noise (AWGN) with variance

E UE receives not only t
Interference signal to t
the capabillity to cance

NTLab

ne desired signal but also the
ne other UE, so it should have

the Iinterference




Introduction to NOMA

E Under the assumption that UE#1 decodes successfully and n
error propagation occurs, the transmission rates of UE#1 and

UE#2 in NOMA are given by:

1 Pi|hi|? 1 Py|hyl?
L= 5 Og?( L P R R R 2 N SN TN A
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E In comparison, OMA separates transmission bandwidth. By
assuming portion of the entire transmission bandwidth is
assigned to UE#1 amd | to UE#2, their transmission rates

are given by:

81 P1|h1|2 (1 — (Jf) P2|h2|2
R =—=1 1 Ry = 1 1 .
1 9 082 ( + Ole 3 2 9 082 + (1 _ Of)NQ
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Introduction to NOMA

E Exemplified comparison between OMA and NOMA

4 > g ) OMAA| mil T m
B \ e NOMAA O TRAO T
> SNR =0 dB

. Power Power

UE#1
SNR=20dB
\ / Frequency Frequency

Power for UE#2 Power for UE#1

1/2 x BW 1/2 x BW

P x4/5 Px1/5
OMA NOMA
Y 1.6646 2.1962
Y 0.25 0.3685
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E Exemplified comparisobetween OMA and NOMA

: : : = OMA capacity boundary
D45 b = NOMA capacity boundary H
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Introduction to NOMA

E To combine NOMA with MIMO
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Power
k.:.\prequencv
Power for UE#4 Power for UEH#3 Beam#?
ey MMSE-IRC UE#45|_gnal
decoding

SIC of UE#4 UE#3 signal
signal decoding

Tt

E MMSE-IRC
Base

Station Seamiy
Power sicof UE#2 T UE#1 signal
signal decoding
Frequency
UE#2 MMSE-IRC UE#2 signal

Power for UE#2 Power for UE#1 decoding

E MMSEIRC: Suppress the intbeam interference
E SIC: Cancel intlaeam interference

NTLab
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Introduction to NOMA

E Setting 1: Pulsamplitude modulation (PAM)

E Setting 2: Each of the two UE modulation symbols (i.eand
| ) takes the Graynapping constellation.

The resultant extension constellation of MIMO NOMA becomes
unequal distance and neGraymapping.
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sqrt(0.2)" 8-PAM + sqrt(0.8)" 2-PAM
T T T

x = \/Pis; + v/ Pasy
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Introduction toREMA

E A novel nororthogonal transmission scheme
was proposed by Huawel Technologies Co.
Ltd., which is named ratadaptive
constellation expansion multiple access
(REMA).
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E The idea behind REMA is to use existing
equaldistance constellation at the combining
stage, together with either naturahapping
or Graymapping.
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% @) Receiver Desigin TypicaMIMO system
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E A typical MIMO system can be modeled as:
y=Hx+n

where€ is the channel matrixg is the transmitted signal
vector, and denotes the AWGN with mean zero and variance

a .

E Linear receiver
U Zeroforcing (ZF)

wyr = HY (HHY)

U Minimum mean square error (MMSE)

} —1
WNMMSE = HH (HHH -+ dlag(crl%)) .
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Receliver DeS|gn In Typical MIMO systen
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Y1 h11 h12 n
= Ts + i +
) = L= o]+ o

E SymboiSIC (SIC)

Deinterleaver Decoder cwi1i
Deinterleaver Decoder CW2

E CodewordSIC (CWIC)

Linear

Signals
ig Detector \

Interference .
. Modulation Interleaver Encoder
Cancellation 15
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SIC of UE#2
signal

UE#2 signal
decoding

Power for UE#2 Power for UE#1

Y; = h;,x +n; = h; (\/Plsl —+ PQSQ) +n;, 1=1,2

E UE#1 is closer to BS than UE#2, so it is reasonably
anticipated that UE#1 has a better channel gain than
UE#2.

E So BS allocates more power to UE#2, resulting that
L L.
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CWI(Recelver iIn NOMA
E Far UE: Single UE detection (SUD)
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Far UE

Channel

encoder for
far UE

Yo = v2 282+\/i81 = S + N2
hQ\/PQ h2\/P2

Treat as noise

U Since to UE#1 has a smaller power than UE#?2 treats
| as an interference and directly estimates its desired
signali .
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CWIQRecelver iIn NOMA

Near UE
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Detection and
decoding for
desired signal

Interference
cancellation

Channel Re-encode and
L S-UD 2 fa-r Ve decoder for far re-MOD for far
information UE UE

E Near UE: CWIC with SUD
Yy

Uy = . =82+\/581+ - = S + N
hiv Po Py hiv Po

Collect the soft information of the interfered signal and then decode it.

» Subtract the reencoded, remodulated signal from received signai

» Decode the desired signal (hopefully without interference).
NTLab
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CWICReceiver in NOMA
E Near UE: CWith Joint ML (JML)

Near UE
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Detection and
decoding for
desired signal

Interference
cancellation

Channel Re-encode and
L JM:C‘ for far UE decoder for far re-MQD for far
information UE UE

U The near UE detects = \/Pis; + /Paso and generates
corresponding LLR via the joint constellation based on

= (\/ Paso + v/ P151) -I-h——x—I-’nl
1
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CWIReceiver in NOMA

E In NOMA system, the desired signal and the
Interference signal come from the same BS; so it is
possible to provide the scheduling information (such
as code rates and modulation schemes of both users

Network Technology Laboratory

E In case such information is not available, CWIC may
become infeasible.
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CWICRecelver in NOMA

E NearUE: Joint Maximushikelihood (JML) Receiver

Near UE
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JML for near UE Channel decoder

information for near UE

U In comparison with CWIC, the Jk#iceiver may perform
worse but it can be used without knowing thede rate
for the other user.
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CWIQRecelver iIn NOMA

Rate Pair of NOMA with PAM Signals
UE#1 20dB UE#2 10dB, TargetBLER =0.1
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18 == UE#1: CWIC with SUD Receiver UE#2: single UE detection
' UE#1: JML Receiver UE#2: single UE detection
== PAM time-sharing region
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Near UE Rate

U JML is worse than CWIC with SUD receiver.
U The reason is that JML does not adopt interference cancellation.
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NOMA with Equal Distance Constellation (BBMA)
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E In NOMA, the combined constellation may have
unequal distance constellation points because of
unbalance power allocation.

E In order to reduce error vector magnitude (i.e.,
recelve constellation error), equal distance

constellation i1s favored.

0.5

=

Equal distance PAM constellation

...........................................................

Mon—-equal distance PAM constellation

| ; 5
I T

|
0 N T T
1 —1 0 1
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NOMA with Equal Distance Constellation (ENGIMA)
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UE#1 Encoder Block Modulation

information Interleaver

,UE#2 _ Encoder Bloci Modulation
information Interleaver

E In order to have equal distance constellatianand

O cannot be arbitrary but fixed. JPrst 4 v/ Frsa

UE#1+UE#2 Combined
constellation

2-PAM+2PAM 4-PAM
4-PAM+2PAM  0.2381 0.7619 8-PAM
8-PAM+2PAM  0.2471 0.7529 16-PAM
4-PAM+4PAM  0.0588 0.9412 16-PAM
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Rateadaptive constellation Expansion Multiple Access (REM
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UE#?2 F F .. F

Codeword |:.'> z @ i
F F .. F Row permutation ::> S
N N .. N and modulation

e I

Codeword N N .. N

E REMA do the combination of the two information signals at
the bit level such that the combined symbols are alweysal
distancein the combined extension constellation.

E REMA encodes two information messages to two UEs
Independently, followed by a multiplexing process that
superposes the coded messages into their allocated positions

E The resulting multiplexed columnise bit patterns are then
mapped to the specified modulation symbols.

—_—
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Rateadaptive constellation Expansion Multiple Access (REM
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E Example: AM

0000000

11 100 110 111 011 010 000 001

MR

byb, b,

U Note that theprotection level of each bit iactually
different.

U For example, for &AM, isthe leastlikely to be
erroneously transmitted, while> has the worst bit
error rate.

U Row permutation isometimes addethefore
modulation in order to equalize the protection

capability of eaclbit. .
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Demodulation in REMA

E Received signal in REMA:
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where wis the combined modulate-PAM signal.

I Supposa) bits are allocated to UE#2, which for simplicity
are assumed to béo: b1, -, br, 1

I Then, fork =0,1,..., Ko —1 . UE#2 calculates LLRs

according to:
I max L exn (< ghalue — hea)
AEOUR 4o k
LLR(b;,) = log 72
(0x) max —— exp (—ﬁ]yg — hQC}Z’Q)

(0) 2mo
aESUE#Z,k

1
= — ( min  |y2 — heal® — min |y — hQOéQ) :

- 202 (0) (1)
o aAESYE Lo K AESYE Lo 1

where S{f.., is the set of2"*-PAM symbols that corresponds to
UE#2and b, = b
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Demodulation in REMA

E Example: 1+1 witlML
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1. 0 Tandv p

Transmit symbol Detect symbol at far UE
O O o—0— mm) O o—
10 11 01 00 1 0
B UE#2bits  4.pAM 2-PAM
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Demodulation in REMA

Near UE Receiver Design 1: JML Receiver

Network Technology Laboratory

(1)

where IS the set M-PAM symbols that corresponds to
b, = b

E CollectLLRs for the desired signal for UE#1 and detoei®.

NTLab




