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INTRODUCTION

0 Non-Orthogonal Multiple Access (NOMA)
» A key role for high data rate transmission and massive connectivity.
» Improving spectral efficiency and increasing number of connections.
0 Energy Harvesting (EH)
» Prolong the lifetime of energy-constrained nodes by allowing wireless nodes
to recharge their batteries from the radio frequency signals.
0 Simultaneous Wireless Information and Power Transfer (SWIPT)
» Enabling transmission of both power and information at the same time.

0 Imperfect Channel State Information (CSI)

» The performance of NOMA highly depends on the quality of CSI, thus the
analysis of NOMA networks with imperfect CSI is important.



SYSTEM MODEL
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Fig. 1. A cooperative EH-NOMA
consisting of a source (S) with two users
(U; and U,) simultaneously through an
intermediate EH relay (R). Both S and R
use NOMA for transmission.
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SYSTEM MODEL

FPA vs. DPA at the Relay
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Fixed Power Allocation (DPA): power allocation coefficients (§, 1 — §) are
manually chosen with respect to t; and/or 7,.

Dynamic Power Allocation (DPA): the power allocation coefficients are
dynamically varied to ensure signal detection at the weaker user (user 2).

Note: Choosing 6 larger than that in (1) will result in a better performance at
user 2, but a higher outage at user 1. 5
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Channel Model
source-relay relay-user COXE;T;;}S' in
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» For FPA case, we assume a Nakagami-m fading at the source-relay
link to provide a more general insight.
» For the DPA case, we let m =1 (Rayleigh fading) to avoid extreme

mathematical complexity.




SYSTEM MODEL

Channel Model
Rayleigh | Nakagami- | Perfect | Imperfect
fading m fading CSI CSI FPA | DPA
Complexity : : :
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» The base statin (BS) can adopt complicated strategies (e.g., relay

selection) to ensure perfect CSI of the source-relay link.
» Adopting Nakagami-m fading to DPA could lead to very complicated

results.

» The relay may have line-of-sight (LoS) with the BS, thus Nakagami-

m fading is more preferable in modeling source-relay link.




SYSTEM MODEL

» Maximum transmit power ensuring signal decoding at the
relay [1]
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» Signal-to-interference-plus-noise ratio (SINR) at user 1 before
and after SIC
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SYSTEM MODEL

Outage Probability

Outage Probability provide information about how well can the
system meet the predefined quality-of-service (QoS), especially in delay-
sensitive networks, where information is transmit at a fixed rate.

The outage probability at an user is defined as the probability
At user 1:
1) the relay fails to decode user 1's or user 2’s information signal, or
2) user 1 fails to decode user 2’s signal or its own signal after SIC.
At user 2:
1) the relay fails to decode user 1’s or user 2’s information signal, or
2) user 2 fails to decode its own signal.




FIXED POWER ALLOCATION
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Lemma 1. For the FPA case, the outage probability of user 1 when § >
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FIXED POWER ALLOCATION

Diversity Order

The diversity order as a function of the outage probability at each user is
given as

. log p™
DM = — lim J Pr

Through calculation we found that zero diversity order is obtained at both
users, thus increasing the transmit power at the source in the high SNR
regime may not affect the outage performance at all users.
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DYNAMIC POWER ALLOCATION

Lemma 2. For the DPA case, the outage probability of user 1 is given

, Ty Td”
1 "Q, P
pg)) =1-e oKy (@p)— Ty,
in which Y is defined in (B-3) and @, = 2 1 % , ¢ e{0,2}.
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Further, the outage probability for user 2 is given by
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THE EFFECT OF IMPERFECT SIC
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» With the imperfect CSI assumption, the received signal at user 1 (i.e. the stronger

user) is given by

Y1 = \/Er(\/gsz +\/1—5sl)(ﬁl+e)+ n

» Then the received signal after the imperfect SIC process is given by

J =[P 1= 8)sihy + [P (s, —§,) + (P 1= 8)s, +[P.Is, )e+ 1,

where §, is the estimated signal of user 2.
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THE EFFECT OF IMPERFECT SIC

The outage probability of user 1 and user 2 with imperfect SIC is similar to
the perfect SIC case with some substitution as
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where Gi% JE[|s, -5, ’] denotes the expected residual power level after
SIC, o;; =0 means perfect SIC and otherwise.

* Refer to page 18 for the joint impact of imperfect CSI and imperfect SIC (imperfect signal estimation).
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NUMERICAL RESULTS
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Fig. 2. Outage probability of FPA-NOMA/DPA-NOMA
cases versus o ,%, where P, = 15 dB.
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Fig. 3. Outage probability of FPA-NOMA/DPA-NOMA
cases versus P,, where R, = 1.5 and ,% = 0.001.
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NUMERICAL RESULTS
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Fig. 4. Outage probability of FPA-NOMA/DPA-NOMA cases versus
versus noise power, where R2 = 0.5, R1 = 1.5, o,>=0.001 and P, =15 dB.
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NUMERICAL RESULTS

Outage Probability

Fig. 5. Outage probability of FPA-NOMA
cases versus o,%, where R, = 0.5, R, = 1.5,
d=d,=1,d,=10and P, = 30 dB.
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» Allocating more power for the weak user (user
2) could:
+ increase the probability the strong user
(user 1) successfully decodes user 2’s signal, but
+ lead to higher outage with a same value of
the expected residual power level after SIC, ;2.

» Thus, allocating more power for the strong user
(user 1) could narrow the gap between perfect
and imperfect SIC.

» Note that higher channel estimation accuracy
could lead to higher degradation in the outage
performance with a same expected residual
power level after SIC*.

*In Fig. 5, at 0, = —40 dB the outage probability with imperfect SIC is reduced more than 10 times from
that with perfect SIC but when o,*

—20 dB it only reduces 4 times.
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Fig. 6. Outage probability of FPA-NOMA cases versus P,

where R,=0.5,R;,=15,d =d,=1andd, =10.
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CONCLUSION

NOMA can improve the outage probability of both users in comparison
with OMA.

FPA-NOMA achieves better performance for user 1 than DPA-NOMA but
poor fairness. DPA-NOMA provides a higher success probability for user 2
than FPA-NOMA and a better fairness.

FPA-NOMA can outperform traditional OMA. DPA-NOMA provide better
outage performance for the weaker user.

Allocating more power for the weak user could lead to higher outage at the
other user.

Higher channel estimation accuracy could lead to higher degradation in the

outage performance with a same expected residual power level after SIC.
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