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Abstract—This correspondence paper investigates a novel non-
orthogonal multiple access (NOMA) assisted overlay speaim
sharing framework for multiuser cognitive radio networks towards
an enhanced spectrum utilization. In particular, one secodary
user is scheduled to help forward the primary signal and congy
its own signals as well by applying the NOMA principle. A
reliability oriented secondary user scheduling (R-SUS) deme is
first proposed, with a target at minimal primary and secondary
outage probabilities. Then a fairness oriented secondary ser
scheduling (F-SUS) scheme is proposed, such that all candig
secondary users have an equal opportunity to be scheduled rfo
the cooperation. Expressions of primary and secondary oufge
probabilities are derived in closed form to evaluate the resltant
network reliability performance. The results reveal that: 1) the
proposed R-SUS and F-SUS schemes can achieve a full diveysit
order for the primary and secondary transmissions, and 2) ahough

stochastic geometry tool. A CR-inspired NOMA scenario is
investigated in [7], [8], in which the wireless spectrum of a
user with weak channel condition (called primary user) &ret

by a user with strong channel condition (called secondaey)us
by using NOMA signaling to enhance spectrum efficiency. No
cooperation is considered in [7], [8]. The work in [9] introzks
cooperation to CR-inspired NOMA, in which a base station
sends a unicast message to a primary user, and simultapeousl
sends a multicast message to a group of secondary users. For
cooperation, one secondary user that successfully dedbdes
unicast and multicast messages helps to forward its reteive
messages to the primary user and other secondary users.

In this correspondence paper, we develop a NOMA assisted

the F-SUS scheme enhances user faimess, it suffers a highelcOOperative overlay spectrum sharing framework that ctemsi

secondary outage probability compared with the R-SUS schee

Index Terms—Non-orthogonal multiple access, cognitive radio,
user scheduling, cooperation, diversity.

Driven by its high spectral efficiency, non-orthogonal ripiét
access (NOMA) has received increasing research actiyitjes
[5]. Utilizing power domain multiplexing, multiple usersignals
can be transmitted simultaneously in the same resource bl
(i.e., time/frequency/code domain) with successive fatence

INTRODUCTION

cancellation (SIC) employed at receivers to separate the m

tiplexed signals. On the other hand, cognitive radio (CR)

another emerging technology to improve the wireless spectr

utilization, by allowing secondary users to access spattr
that is initially licensed to primary users. The combinati
of NOMA and CR has a promising potential to allow mo
nodes (i.e., more secondary users and/or more primary)us
to transmit concurrently, and thus, can meet the requirésran
high spectrum efficiency, massive connectivity, and loverialy
for fifth-generation (5G) mobile networks [1].

The application of NOMA to underlay CR is investigated ir}l
[6], and the exact outage performance is evaluated by usi
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multiple secondary users and exploits multiuser diversity

the mutual cooperation between the primary and secondary
networks. We focus on a spectrum overlay paradigm wherein
the primary network allocates the available spectrum nessu

to secondary users in exchange for boosting the primary re-
ception by secondary cooperative relaying. A secondary igse
scheduled to invoke NOMA principle to simultaneously conve
the primary signal along with its own signals. The target of
the secondary user scheduling is to achieve the best outage
%%rformance for the primary and secondary transmissianth&
best of our knowledge, this is the first effort to study mudéu

ER with NOMA. The difference of our work from existing
Lsooperative NOMA works (such as [2]) and cooperative CR
NOMA works (such as [9]) is as follows. In those existing

olbvorks, the relay only forwards its received signals, andoisd

"%

not generate its own signals. In this paper, a relay (a sexrgnd
ser) forwards its received signals, and sends its own siacgn
%fanals as well by NOMA signaling. We focus on user schedulin
to select one secondary user to cooperate, to achieve @at tar
outage performance for both primary and secondary systems.
The main contributions of this work are summarized as
ollows.

o Novel framework: We propose a novel NOMA assisted
cooperative spectrum sharing framework, where one sec-
ondary user serves as a relay to recover the primary signal
and then superimpose it with the secondary signals for
the NOMA transmission. On this basis, two secondary
user scheduling schemes, i.e., reliability oriented sdaon
user scheduling (R-SUS) targeted at minimal primary and
secondary outage probabilities, and fairness oriented sec
ondary user scheduling (F-SUS) targeted at superior user
fairness, are then developed to facilitate the NOMA assiste
cooperation.

Tractable analysis: We rigorously prove that the R-SUS
scheme minimizes the primary and secondary outage prob-
abilities (i.e., achieving the outage-optimal performainc
and the F-SUS scheme ensures that all candidate secondary



users have an equal opportunity to be scheduled for the —% Primary transmission phase

cooperation. For each scheme, we derive expressions of — > NOMAassisted cooperation phase
primary and secondary outage probabilities in closed form /(//) \\l\"" —
() (@)
N

and investigate the network diversity order. The results\sh Primary transmitter.” ¢4 \ O\ Primany recelver
that the two proposed schemes can achieve a full diversity ’\ \/
order for both primary and secondary transmissions. O {

I S, Sy “\
MY
Il. SYSTEM MODEL =777 S X N

e \“\\ ,/’_’ 0 1N
We consider a cooperative overlay CR scenario as illustrate 3 \
in Fig. 1, which consists of one pair of primary transceivers . 1 1 n " S n s

and N secondary transmitters denotedsasss, ..., sy, respec- 777 TTTTmeeeeT

tively. Each secondary trapsmnter, say (n € {1’.2’ SRR N})’ Fig. 1. The NOMA assisted cooperative overlay CR scenario.

servesM,, secondary receivers with NOMA pricinple, denoted

as {r{",ry,...,ry }. In the system, each node has a single . ) o ) .
antenna, working'in a half-duplex mode (which means that thePuring the primary transmission phase, the primary trasmi
node cannot transmit and receive simultaneously). We densi (€ se_ndsco to all the secondary transmitters. The recel\_/ed signal
a scenario with no direct link between the primary trangmitt@t s» IS expressed ag,, = v/ Pihy s, 2o +1s,,, wheres,, is the

and receiver, due to heavy shadowing and/or physical destac2dditive noise oblserved by.. The achievable data rate 4 is

Therefore, the primary network tries to seek cooperatiomfr 9VeN by Rs, = 51ogs (1 + pilhy s, [*) wherep, = P/No is

the nearby secondary transmitters by recruiting one of tasr Called the transmit signal-to-noise ratio (SNR).

relay. For a reward, the primary network grants to the seagnd During the NOMA assisted cooperation phase, a secondary
transmitter spectrum access opportunities. The signalttfer transmitter, say,,, can be opportunistically scheduled (detailed
primary transmitter is denoted as. If secondary transmitter scheduling schemes are discussed in Section Ill) to semve th
s, is selected to help, its signals to ité, receivers are denotedPrimary receiver and its own receivers simultaneously with
asz},a3,..., 27, , respectively. Each signal has zero mean af§OMA signaling. More specificallys., first regenerates, and

unit variance. The transmit power of each transmittePisThe ~Superimposes it with't', ..., 7, , and then broadcasts the signal
additive noise at each receiver is modeled by a complex Gausgnixture. The observations at the primary receiver and:thn
random variable with mean being zero and variance baipg Secondary receiver are written as

Tty -

All channels in the network undergo independent block fgdin M,
i.e., the channels remain unchanged within each fadingkbloc v, = /a2 Ph, o0 + Z /AP Pihs,, pxl + 1y, (1)
but vary independently from one fading block to another. The i=1
length of a fading block is one time unit. Consider one fading M,
block, the channel coefficient from the primary transmitter y,» = \/agFPihs, rn 2o —i—zx/a?Pthsmmx? + ey (2)
to secondary transmittes,, is denoted ash, ,, the channel i=1

coefficient from secondary transmittey to the primary receiver wherer, andr,. are the additive noise at the primary receiver
is denoted a%;, ,, and the channel coefficient from secondarynq them-th senz:ondary receiver, respectively, angl and o
. . . 1 1 7

transmitters,, to secondary receiver;, is denoted asis, .»  are the power allocation coefficients for signals and =7,
(m € {1,2,...,M,}). We consider independent but nonegspectively, with condition + 5> a7 = 1. Consider higher
|dent|caII2y distributed (|.n.|.d.g Rayleigh fading wittapameters priority of primary user and fairness of secondary receiyéite
Ellhp,s. ") = Apsins Ellhs, "] = Aspn, @ndE[|hs, 0 7] = power allocation coefficients should satisif > af > --- >
/\SS,nm,wh.ereE[.] means the expectation operation. Without IOS&% [7]-[9]. At the end of the NOMA assisted cooperation
of generality, we assume that the secondary receivers ctethe phase, primary receiver retrieves by treating the secondary

to secondary transmittes,, are ordered asi||h, rp|*] < signals as noise, and the achievable data rate:fds given by
E[lhs, rp?] < -+ < E[|hs, » |?]. Similar to [4], [5], NOMA

signal detection for secondary signals with SIC follows ¢heer 1 ag |hs,p*
) . i p = 5108 ( 1+ —3; . (3)
of the mean channel gains of the secondary receivers. Benefit 2 S al b, o2+ 1/p4

of this setting include: no need of communication overhead

to obtain the instantaneous channel gains of all the se«:y;bndAt the m-th secondary receivef,,, SIC is carried out to separate

receivers: no need of communication overhead to updatet multiplexed signals and combat the negative impactsef t
secondary receivers signal detection order in each fadingkb inter-user interference. The-th secondary receiver first decodes
Thus, signal detection for secondary signals with SIC gstho

dfo and then moves towards?, ...,z [7]. For presentation
follow the orderzy — --- — a7 .

simplicity, next we userj to represent primary signaly. The
1 i n

We develop a NOMA assisted cooperative overlay spectrﬁﬁh'evable data rate for;, to retrieves} (0 < k < m) can be

sharing framework, where the primary and secondary messa

Sépressed as

are superimposed by using NOMA principle for the simulta- 1 alllhs, o |?
neous cooperative communications. In each fading bloak, th Ron on = —logy ( 1+ n T )
. y moE 2 My, an 2 1
isti i ' i i1 O s 12+ 1/ o
opportunistic cooperation has two phases with equal duratie m

primary transmission phase, and the NOMA assisted coaperatConditioned on2,» .= > Rj', whereR}. is the preset target data
phase, detailed as follows. rate of signalz}, the m-th secondary receiver can first decode



.....

x7 and then subtract this component from its received signas&condary receivers. 3) Each candidate helper, ssayneeds
Finally, the achievable data rate for its owf), is given by to know min,,—1__ s, (77| ks, o0 |2)_ This can be achieved

o |hg, on |2 as follows. Fors,, its secondary receiver;, maintains a
PR > (8) virtual timer with initial value in proportional tor” |k, ,n |.
Dimmyr @ s |2+ 1/pe The secondary receiver, say, whose timer expires first can
send tos,, its information of 7r,?|h5mrg|2, which is exactly

minm: ..... n ﬂﬁl hsn.r" 2 .
Next we address two challenging issues: how could a SecTheolr’eli' <Fhe| RSLj|S scheme minimizes the primary and
ondary transmitter be scheduled in a distributed mannér that secondary OL.Jtage probabilities

the primary and secondary outage probabilities are miradiz Proof: A primary outage happens if and only &, is an
And how to further achieve fairness among the secondaé}ﬁpty set. Whers

) " . i defined h h . is nonempty, any scheduled user fr&¥n
transm|tters. ere primary outa_ge IS defined as the event t atalways ensures that the primary network can achieve thesfpres
the primary network cannot achieve its preset target déaig

, ) target data rat&,. Thus, the proposed R-SUS scheme minimizes
and asecondary outage is defined as the event that no secondalazIe primary outage probability

transmitter is scheduled, or if a secondary transmittey 3

is scheduled, one of its receivers, say fhth receiver, has an scheduled for the cooperation. Based on (4) and (5), one can

achievable data rate smalle_r than its preset target dagal¥at compute the conditional secondary outage probability by
To address the challenging issues, we develop the R-SU#sche

1
R»p::wz% = 5 1Og2 (1 —+

IIl. SECONDARY USERSCHEDULING

On the other hand, suppose that secondary transmsittés

and the F-SUS scheme below. M g m
PRsugs, =1—Pr ( N ( N {Rr:;,mg > RZ}))
m=1 k=0
A. R-SUS Scheme M, , m
. . n 2 1
Here we introduce the R-SUS scheme for primary and sec- =1-Pr ( N ( N {<k s, g |” = E}>>
ondary outage probabilities minimization, which encongeas m=1 *k=0
the following two stages. 1
9 9 o —Pr| min (wfn|hsn |2) <=, @®
« Stage-l: For each secondary transmittgy if it can decode m=1,...,M, o Pt

the primary transmitter's signal (i.eRs, > Ro), and it
can help the primary network to achieve target réig

by NOMA signaling (i.e.,R, > Ry), thens, is called R-SUS s, h ditional d diabi
a candidate helper. The set of all candidate helpers.t L to-mlnlmlzet e conditional secondary .outage pratinol
expressed as it Is optimal to choose the secondary transmitter that mepdm

wherePr(-) means probability of an event, and the superscript
“s”in P2 means “secondary outage.” It can be observed

ming,—1,... a1, (7% |hs, - |*), Which validates the criterion of
Se = {sn: Rs, > Ro, R, > Ro}. (6) (7). This completes the proof. |
If S. is empty, no secondary transmitter is scheduled, and
we declare primary outage and secondary outage. % F-SUS Scheme
. Stage-ll: If S, is nonempty, a secondary transmitter- To further achieve fairness among the candidate helpers, we
from Sc will be scheduled for the Cooperation, as introduce the F-SUS scheme detailed as follows.
i} . ) o Stage-l: Same as Stage-| of the R-SUS scheme.
no = arg Smgg{m:?lmM (W?n|hsn,r:;| )}7 (7) o Stage-ll: I.f S. Is nonempty, a secondary _transmittg{f
; from S, will be scheduled for the cooperation, as
th{re my = Mming—o,...m (g, and G = 22R§—1 + . Mn'hsn,rl’ﬂp 9
> izks1 . Note that the conditior(? > 0 should be = A ax et Ao G

teed i licati f NOMA [6]. . . .
guaranteed in application 0 [6] The F-SUS scheme can also be implemented in a dis-

The .R'SU.S scheme can be _implemented at the Secondﬁﬁyuted fashion following a similar procedure to that ofeth
transmitters in a distributed fashion as follows. Each Bde0y o _g;5 scheme. where the initial value of secondary trans-

transmitters,, belonging toS. malntallns.awrtual timer [1(_)] and pigter sp's virtual timer is set in inversely proportional to
sets an initial value for the timer in inversely proportibha . 2

. n 2 . mlnm:l,...,Mn (]\/[nlhsn,r:;’J /Ass,nm)-
ming,—1,... a1, (7| hs, »= |*). Then secondary transmitte,-
will have the smallest initial timer value. Thus, its timeillw that of R-SUS, and thus, the discussion is omitted.

expire first, and upon its timer expiration, it will broadt@s  theqrem 2: The F-SUS scheme ensures that the probability
CO!"”O' message to other sgcondary tran_sm|tters to nasly f scheduling any,, € S. as a cooperative relay is the same,
existence for the NOMA assisted cooperation. ie., Pr(n' = n) = - with |S,| being the size of

Sy - - |S | c [

Channel state information requirement of R-SUS is disalisse  pygof: Supposecthat secondary transmitteris scheduled

below. 1) Each secondary transmitter should know its channg »sist the NOMA cooperation. For notational convenienee
gain to the primary receiver (to decide whether it can helg; , _ i, L u (M s, o |2/ )fors cS. The

the_ primary network t_o achieve t_he tgrget rd?@)._ This re- probability Pr(n’ = n) can be expressed as
quirement can be fulfilled by a pilot signal sending from the

primary receiver to all secondary transmitters. 2) .Eaclmlséary . Pr (nT _ n) — Pr < ﬂ (Zn > Zk))
transmitter needs to know its mean channel gain to each of its

Channel state information requirement of F-SUS is simitar t

sk ESc,k#n



= / - H Fz,.(2)- fz,(2)dz, (10) B. Outage Behavior of Secondary Transmission

0 spe8,k#n 1) Exact outage probability: The secondary outage probabil-

ity with the R-SUS scheme can be written as
wherefz (-) andFz, () denote the probability density function

(PDF) of Z, and cumulative distribution function (CDF) &, PRsus=Pr(S. =0) +Pr (EFS S #£0),  (15)
respectively. The CDF of;, can be computed by where ERSUS denotes the event that for the scheduled secondary
transmitters,,~ by the R-SUS scheme, at least one of its receivers
has an achievable data rate smaller than its target dataTitae
first term on the right-hand side of (15) is given by (13), amel t
second term can be rewritten as

This implies that allZ;, for s, € S. have the same CDF Pr (EXSUS S, #0)
expression. By substituting this result into (10), the pdaibty °

My,
)\SS m —
Fz (2)=1- H Pr (|h5k77071§1|2 > Tkkz) =1—-e* (11)
m=1

_ _ R-SUS ¢ _
Pr(n' = n) can be further obtained as = Z Pr(S. = A) Pr (ES°S. = A). (16)
AC{s1,...,sn}
o St 1 AI21
Pr (”T =n) —/0 [1—e77] e fdz = S, (12) Pr(S. = A) can be computed by
_ 1 (_<o 0
This completes the proof. m Pr(S.=A)=e Sinea s (mimtsids)
X H (1 _eé(%Jr%)), (17)
IV. ANALYSIS OF OUTAGE PROBABILITY AND - sn€A
DIVERSITY ORDER where A = {s1, s2, ..., sy } \/A. With the R-SUS scheme in (7),

Pr(ERSYSS,. = A) is derived as
In this section, we characterize the primary and secondary Pr (ERSUSS — 4
outage probabilities, and diversity orders achieved byRH&US r ( s 18 = )

and F-SUS schemes. 9 pr ( max ( min 7" |y o |2) oL
sn€A \m=1,...,M,, m ST P
(i) , n 2 _ 1
. . . = H Pr min 7] |hs, o0 |7 < —
A. Outage Behavior of Primary Transmission Sea m=1,...,My o Pt
1) Exact outage probability: A primary outage occurs if and _ H (1 e Sm m) (18)
only if S. is empty, and is not affected by the secondary user ’

. sn€A
scheduling schemes. Therefore, the R-SUS scheme and th%vﬁére step (i) is from (8), and step (i) follows the indepence

fvﬁiihsi‘;hfvrr?tfe‘r’]v'gse’(h'b't the same primary outage probability; .~ - jidate helpers. Substituting (13), (16)—(18) i1t5),
the closed-form secondary outage probability of the R-SUS
scheme is derived.

Next we focus on the secondary outage probability achieved

by the F-SUS scheme. Similar to (15), we have

PIg—SUS: PIE-SUS: Pr (Sc = Q)
N
= [[ 11 = Pr(Rs, > Ro) Pr(R, > Ry)]

n=1 PE’SUS: Pr (Sc - @) + Z Pr (Sc - A)
N e r AC{s1,...,s
=11 (1 _ eé(xpg,nﬂfﬁ,n))’ (13) {|,i\z1 v
n=1 x Pr (EFSUSS, = A) (19)
where€j = ———&—— ¢, = 220 1, and the superscript where EFSYS denotes the event that fer,: scheduled by the

—¢o %}mzl m F-SUS scheme, at least one of its receivers has an achievable

[TPTI p 0 “ . ” H'
P"in FrsysandFe.gusmeans “primary outage”. The condition i, e smaller than its target data rate. According to (9)
of ag > €0 >,,"; oy, should be satisfied, because otherwise, the, (EFSYSS, = A) can be calculated as

s c

m=1

primary outage will happen for sure [6], [7].
. _— . P (EF—SUS|S _ A)
2) Asymptotic outage probability: Using the fact thatl — L c
e’ xwheqx — 0, the asym_ptot|c primary outage probability _ Z Pr min 7 hy |2 < i’ ot —
in high p, regime can be obtained as m=1,..,M; " 70T Dt
s;€A
N : i 2 1
' , _ € & = Pr( min ) [hg, i | < —,
R D | G B R B O T
n— ps,n sp,mn
' ﬂ (Z . Mi|hsi,ri |2))
< min ———
Remark 1: As observed from (14), both the R-SUS and F- s EA I A v Ass,im
SUS schemes can achieve a diversity orderNof(i.e., a full " M,
diversity order givenN secondary transmitters) for the primary (i) Z // H 1 PRrs we
transmission. = Ry PtAss,im



M;
=1,...,M; /\ss,im
s €A k#L

(|v gy |A| -1 ;

S5 (M e [ [ edn . @)

si€A 7=0 R
In step (iii), y1, ..., yar, Stand for exponentially distributed ran-
dom variables;|h, T1| seees Ptllg, pi |2, and the integration is
overR = {y1,...,yanr, : Ming—1, (78 ym) < 1}. In step
(iv), we use the CDF of/; in (11), and® is defined as

— == in —A/Ii'ym Mi 1 Ym
Q2L Ptm=l.M Ass,im e Ptrssim
n:!_zll ptAss,im

It is rather challenging to derive a closed-form expres$n
(20) wheni/; > 2, due to the complicated multi-dimension 'ntemto (20) and dividingR into R, Ra1, andRas,

gration domairR. Thus, here we focus on a special cage= 2
fori e {1,2

, ..., N }. Note that the outage analysis for this speci

. . . i3 e special case aif; = 2 fori € {1,2, ...,
case is practically meaningful, because the two-user NO

2) Asymptotic outage probability: In high p, regime, the
asymptotic secondary outage probability achieved by tI#s-
scheme is given by

N n
s,asy N €0 50
PRsus=pr “I(/\ +/\ >+ E
n=1 ps,m op;m AC{s1,...,sN}

|A[>1

For the F-SUS scheme, according to hjghregime approxi-

[I

sp€A

€0 &
I (5 )

A
sp€A ps.m

mations, we havg [, c 4, Iz,

lAl-1

1 Miym
Dt ming,— 1,..,M; N

1
o =1,...,

. Applying this approximation

ss,im

the asymptotic
secondary outage probability achieved by the F-SUS schame i
N} can be derived

is one most typical NOMA scenario, and is recommended to

be used in practical systems, such as multiuser supeqositi
transmission (MUST) in Third Generation Partnership Rije

Long Term Evolution (3GPP-LTE) [1].
With M; = 2fori € {1,2,..., N}, we define constant; =

and constanb; = i “L_Here we assume; > b; (noting that
the case withy; < b; can be treated similarly). Théﬁ can be di-
vided into sub-regiomRy = {y1,y2 : y1 > a;y2, Thy2 < 1} and
sub-regiorRy = {y1,y2 : y1 < asy2, Tiy1 < 1}. Sub-regiorRy

can be further divided int®R21 = {y1,v2 : 11 < biye, miy1 < 1}

and Roo = {yl,yg : bin <y < ain,wll'yl < 1}. Thus, the
integration of© over R is equal to sum of integrations @

over R, Ro1 andRas, as follows.

i
o

7
1

_ (@2i+1)yo

e Pt>‘ss yil  PtAss,i2
//@dyldw // dy1dys
pt ss,11 Ass 2
a;y2<y1
71'27J2<1
bi _ e+ (2541,
— 1 — e birtT™3Xssi2 ) 21
ai+(2j+1)bi( @)
_Ri+VDyr  y2
Ptiss,il  Ptrss,i2
//@dyldw // dy1dys
pt ss,11 )\ss 12
Ra1 y1<biyz
miy1 <l
1 o 2j+2
=55 (1—e i), (22)
J
oy _ (2i+D)yo
/ o e Ptrss,il  Ptlrss,i2
dyrdyz = / / dy1dys
p%Ass,il/\ss,iQ
Raz biy2<yi1<aiysz
miy1 <l
_ i+ (2i+1)b; )
az(l —e aiPtW‘i)\ss,il) 1— e,pt:{:ﬁ:&“
(23)

T @i+ Dait (25 + 12 2+ 125 +2)

Applying the above three integration results into (20) at@)(

secondary outage probability of the F-SUS scheme in theaped/,, = 5 with (af, ol ...,al) =

caseM; =2 (i € {1,2,..., N}) is attained in closed form.

pSasy _
F SUS

ol

1G5

" 2|A1H<60+53)

AC(o ML 22 s Aspn

Al>
< = (e g ) ) @

Remark 2: It is observed from (24) and (25) that both the
R-SUS and F-SUS scheme can achieve the same full diversity
order of N for the secondary transmission.

psn

'73N}

V. PERFORMANCEEVALUATION

In this section, we present numerical results for the pregos
framework. Unless otherwise specified, we considér = 2
(n € {1,2,..., N}) with the power allocation coefficients being
afj = 0.7, af = 0.2, andaj = 0.1. The target data rates
for primary and secondary signals are setlgs = 0.6 and

" = RY = 0.2. The exponential decay model is adopted for
the average channel gains, given By, ,, = Ay, = e¥(~1),
and A5 nm = €™~V in which §,,5; > 0 represent the
exponentially decaying factors, both taking value of 1.

Fig. 2 shows the analytically derived outage probabilities
asymptotic outage probabilities, and simulated outagbeairibi-
ties of the primary and secondary networks versus transNig S
p¢ for the NOMA assisted cooperation with the R-SUS and F-
SUS schemes. It can be seen that the analytical results agree
perfectly with the simulated ones, validating the accurafcthe
theoretical analysis. As can be observed from the figure, the
proposed R-SUS and F-SUS schemes can ensure a full diversity
order for both primary and secondary transmissions, itee, t
slopes of the outage probability curves in highregime have
magnitude equal taV. The R-SUS scheme achieves a lower
secondary outage probability than the F-SUS scheme. This is
because the R-SUS scheme aims at minimal outage probabil-
ities, while the F-SUS scheme aims at enhanced fairness. For
(0.7,0.1,0.08,0.06,0.04,0.02)
(0.6,0.2,0.2,0.2,0.2,0.2), Fig. 2

and (Ro, R?,RY,...,RY) =
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Fig. 2. Outage performance as a function @f for the considered NOMA Fig. 3. Outage probabilities of the proposed R-SUS and F-StHemes and
assisted cooperative spectrum sharing scenaio=(2). the three benchmark schemes & 3).

also shows the analytically derived and simulated secgndar e Our proposed NOMA schemes have lower outage prob-
outage probability of the R-SUS scheme, and simulated sec- abilities for both primary and secondary networks than

ondary outage probability of the F-SUS scheme (primarygaita
probability curve of the two schemes witl,, = 5 is the same
as that of the two schemes wiflf,, = 2 in Fig. 2). We can see
that the two schemes achieve a full diversity order for sdaon

the OMA-TDMA scheme. The performance gain of our

schemes is mainly attributed to an efficient use of the
spectrum, i.e., the primary and secondary receivers are si-
multaneously served in one resource block, while separated

transmissions with\/,, = 5. resource blocks are needed by OMA-TDMA.
Next we compare the proposed framework with other sec-

ondary user scheduling schemes. More particularly, weidens VI CONCLUS@.N .
three benchmark schemes in the following. (1) NOMA with We have developed a NOMA assisted cooperative spectrum
max-min criterion: secondary transmitter,: which has the sharing framework, and proposed the R-SUS and F-SUS schemes

strongest worst-case channel gain is selected, thablis= to explp_it_multiuser diversity._AnaIyticaI expressions aditage
argmax,, {min(|h, s, |2, [hs, p|?, ming, [hs, o 2)}. (2) NOMA probabilities have been derived in closed form. The results
with best primary reception: similar to the reactive cigar Manifestthatthe R-SUS scheme achieves the outage-optémal
[10], the secondary transmitters which correctly decage formance for the primary and secondary transmissions, laad t.
constitute a decoding s, and thens, in D. which max- F—SUS_schgme guarantees user fairness. Both schemeseachiev
imizes the primary reception quality is selected, thatiis= @ full diversity order.

argmax,, ep,{|hs, |} (3) Conventional orthogonal multiple
access-time division multiple access (OMA-TDMA): the sec-
ondary transmitter, say,, that maximizes the primary reception
reliability is selected, and the transmissions for signgls:}, x5

REFERENCES

] Z. Ding, Y. Liu, J. Choi, Q. Sun, M. Elkashlan, and H. V. RpotAppli-
cation of non-orthogonal multiple access in LTE and 5G neta |EEE
Commun. Mag., vol. 55, no. 2, pp. 185-191, Feb. 2017.

are completed within four orthogonal phases as follows.fifee  [2] C. Zhong and Z. Zhang, “Non-orthogonal multiple accesth wooperative
full-duplex relaying,”|EEE Commun. Lett., vol. 20, no. 12, pp. 2478-2481,

two phases are used by the primary transmitter to send igisig .. 2016.
and bys,, to forward the primary signal, and the remaining two[3] VY. Liu, M. Elkashlan, Z. Ding, and G. K. Karagiannidis, 4Fness of
phases are used b% to transmit to its two receivers based user clustering in MIMO non-orthogonal multiple accessteys,” |EEE

] " Commun. Lett., vol. 20, no. 7, pp. 1465-1468, Jul. 2016.
on a TDMA manner. To make a fair comparison, we assumg; o xy and K. Cumanan, “Optimal power allocation scheme fin-
that all the schemes have the same target data rate requireme ~ orthogonal multiple access with-faimness,”|EEE J. Sel. Areas Commun.,
Fig. 3 shows outage probabilities of the proposed secondsay v0|\-(35, nJo. clr? pr2ﬁ1573_2§ﬁ9’ Ogt.X2C>)(17. NOMA-enabletboerati
. . Yang, J. en, Q. NI, J. I, an . Xue, -enal perative
scheduling schemes and the three benchmark schemes. We h%l/ nicast-multicast. Design and outage analySkEEE Trans Wreless
three observations: Commun., vol. 16, no. 12, pp. 7870-7889, Dec. 2017.
« The NOMA scheme with max-min criterion also guarantee] Y Lt Z. Ding, M. Elkashlan, and J. Yuan, *Non-orthogain mul-
i ) . tiple access in large-scale underlay cognitive radio neked |IEEE
a full diversity order for the primary and secondary trans-  frans. veh. Technol., vol. 65, no. 12, pp. 10152-10157, Dec. 2016.
missions. But it suffers an SNR gain loss, i.e., the outagg] Z. Ding, Ph Fan,| and| Hl. V. Poor, d“lmplaclt< of user ipairing on
o ; _ ; 5G non-orthogonal multiple access downlink transmissiondEEE
probab!l!ty curves are on the right-hand side of outage Trans. Veh, Technol., vol. 65, no. 8. pp. 6010-6023, Aug. 2016.
probability curves of our proposed R-SUS scheme. [8] Y. Zhang, Q. Yang, T.-X. Zheng, H.-M. Wang, Y. Ju, and Y. Mg “Energy
o« The NOMA scheme with best primary reception yields efficiency optimization in cognitive radio inspired nortfasgonal multiple
the same primary outage behavior as that of our proposeg 26cess’” inProc. IEEE PIMRC, Valencia, Spain, Sep. 2016, pp. 1-6.

) . L. Lv, J. Chen, Q. Ni, and Z. Ding, “Design of cooperativemorthogonal
schemes, but its secondary outage performance is much muticast cognitive multiple access for 5G systems: Uséeduling and
worse. This is due to the fact that the NOMA scheme with  performance analysis/EEE Trans. Commun., vol. 65, no. 6, pp. 2641—

i ; i 2 ; 2656, Jun. 2017.
besaprlnlary reception ConSIQerS Omt.yS"’M o determ_me _{10] A. Bletsas, H. Shin, and M. Z. Win, “Cooperative comnuations with
the “best” secondary transmitter, which leads to a diversi outage-optimal opportunistic relayinglEEE Trans. Wireless Commun.,
order loss at the secondary network. vol. 6, no. 9, pp. 3450-3460, Sep. 2007.



