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Abstract—In conventional cooperative non-orthogonal multiple on global instantaneous channel state information (CSiyv-H
access (NOMA) networks, spectral efficiency loss occurs dueever, global instantaneous CSI at the source may be difficult
to a half-duplex constraint. To address this issue, we proEe - ogtly to obtain in practice. This observation motivates

an incremental cooperative NOMA (ICN) protocol for a two- ¢ d tically viabl ti ot
user downlink network. In particular, this protocol allows the 0 propose a new and practically viable cooperative protoco

source to adaptively switch between a direct NOMA transmisen ~ for @ TUDN network to improve SE of the CCN protocol.
mode and a cooperative NOMA transmission mode according  Recall that in conventional cooperative networks, the in-

to a 1-bit feedback from the far user. We analytically prove cremental relaying (IR) protocol [5] is widely adopted sinc
that the proposed ICN protocol outperforms the convention& i+ ~5n achieve higher SE by introducing a negligible 1-bit-

cooperative NOMA protocol. In addition, an optimal power o )
allocation strategy at the source is studied to minimize the feedback overhead. Specifically, the IR protocol invokes a

asymptotic system outage probability. Finally, numericalresults relay for cooperation only when the source-to-destination
validate our theoretical analysis, present insights, and gantify ~channel gain is below a predetermined threshold. Inspiyed b

the enhancement achieved over the benchmark scheme. this feature, in this correspondence we propose an increinen
Index Terms—Diversity order, incremental relaying, non- cooperative NOMA (ICN) protocol for a TUDN network
orthogonal multiple access, optimal power allocation, owige with only statistical CSI at the source. In this protocole th
probability. strong user works as a HD relay only when the weak user
broadcasts a 1-bit negative feedback. The main contribsitio
of this correspondence can be summarized as follows. 1) We
Due to the ability to serve multiple users simultaneouslgropose a new and practical cooperative protocol for TUDN
in a single resource block, non-orthogonal multiple accesstworks. To the best of our knowledge, the proposed ICN is
(NOMA) is a viable solution to fulfill the fifth-generation@® the first time that the IR protocol is introduced into NOMA
wireless networks’ requirements of high spectrum efficjenmetworks. 2) For the proposed ICN protocol, we derive exact
(SE) and massive connectivity [1]. Accordingly, NOMA ha®r tightly approximated closed-form expressions of theagat
been included in the study item on 5G new radio (NR) bgrobability (OP) of each user and the overall system. We
3GPP in its Release 15 [2]. prove that the ICN protocol outperforms the CCN protocol
A typical scenario of NOMA is that, when a source needs 16 terms of each user's OP and the system OP (SOP). 3)
send signals to two users (e.g., in a downlink cellular syste Asymptotic outage behavior of the ICN protocol is studied
it sends both signals simultaneously as a superimposedlisigio derive the diversity order of each user and the optimal
The user with better channel condition (the strong usen) firgower allocation (OPA) strategy that minimizes the SOP. 4)
decodes the weak user’s signal, and then performs sucees¥®luable insights regarding the ICN protocol are provided
interference cancellation (SIC) and decodes its own sigited  through detailed theoretical analysis and numerical tesul
weak user decodes its own signal directly. Since the strong
user decodes the weak user's signal first, the work in [3] Il. SYSTEM MODEL
proposes a cooperative NOMA protocol in which the strong As shown in Fig. 1, we consider a TUDN scenario with a
user works as a half-duplex (HD) relay to help the weadource §) and two users: user 1U¢) is the near user while
user. This conventional cooperative NOMA (CCN) protocalser 2 {U,) is the far user. Similar to [6], [7], the two users
[3] promises to improve the weak user’s performance kyre ordered according to their distance to S. TRusand U,
introducing a diversity gain. However, since the HD reldye(t are treated as the strong user and the weak user, respgctivel
strong user) needs half of its time to forward informatidie t All the channels suffer Rayleigh fading. Lét, ko and hs
CCN protocol makes inefficient use of the degrees of freedatenote the channel coefficients from S, S to Us, and
(DoF) of the channel and may cause a loss of SE (compargd to U, respectively, wheré,; ~ CN (0,€;) (i = 1,2, 3).
to a non-cooperative NOMA network). To efficiently exploitWe assume that channel coefficients remain unchanged during
the DoF of the channel in a two-user downlink NOMAone transmission block, but may vary from one transmission
(TUDN) network, the work in [4] proposes a new cooperativBlock to another. Next we introduce the proposed ICN prdtoco
protocol, termed as relaying with NOMA backhaul (R-NB)in details.
In this protocol, the source can adaptively adjust the time

durations of NOMA transmission and relay transmission dasé‘ Incremental Cooperative NOMA Protocol

I. INTRODUCTION

At the beginning of each transmission block, S broadcasts a
Manuscript received May 30, 2018; accepted August 29, 20h8.review  pilot signal toU; andU,. Based on the received pilot signal,
gifatrll'us) paper was coordinated by Dr. K. Adachi (Correspogdimithor: Hai U, performs channel estimation &f and compares it with a
G.g.Li and H. Jiang are with the Department of Electrical andn@ater predefined threshold. i, jUdgeS that it can correctly decode
Engineering, University of Alberta, Edmonton, AB T6G 1H&r@da (e-mail: its desired message through direct transmission, it feddba

guoxin@ualberta.ca, hail@ualberta.ca). a 1-bit positive acknowledgement (ACK) to S abid. After
D. Mishra is with the Division of Communication Systems, Bement of

Electrical Engineering (ISY), Linkdping University, Libping 58183, Sweden re_ce_iving the ACK fee_dbaf:k' S adoptSdﬂeCt NOMA trans_'
(e-mail: deepak.mishra@liu.se). mission (DNT) mode, i.e., it sends the superimposed signal
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~1,1 defined in the DNT mode. Then, in the second phése,
N forwards the re-encodet} to Us. The corresponding received
() 7 N s signal atUs, in the second phase can be expresseg)as
s ~ @ V/Prhsxs +w2, whereP, is the transmit power off ;. Finally,
_________ =3 @ U, combines the observed signglsandy) using the maximal
S: source Us : far (weak) user ratio combining (MRC), and thus, the received SINZRUapt
———— Direct NOMA transmission to decoder, after MRC is given by, ' = %I:‘é‘“ +
?, wherep, = P,./o? is Uy’s transmit SNR.

U, : near ﬁmg) user SIC in the first phase, its received SNR to detects given as
9

— — — — ) Cooperative NOMA transmission pr|h3

Fig. 1. System model.
IIl. OUTAGE PERFORMANCEANALYSIS AND

OPTIMIZATION

to U; and Uy within the whole transmission block. [0 For each user, an outage event happens when the received
finds that it is unable to decode its desired message with@INR (or SNR) is below a pre-determined decoding threshold.
Uy's cooperation, it feedbacks a 1-bit negative acknowledgéte that the decoding thresholds of the DNT and the CNT
(NACK) to S andU;. Upon hearing the NACK feedback, Smodes are different. In the DNT mode, the decoding threshold
adopts acooperative NOMA transmission (CNT) mode, i.e., is ~,, = 2% — 1 with R being the target rate af; andz,. In
it broadcasts the superimposed signal in the first half of tiige CNT mode, the threshold ig, = 22R _ 1.
transmission block, and theld; decodesU,’s message and
forwards it in the second half of the transmission block. A, Outage Probability Analysis

To identify the difference between our proposed ICN and 1) Near User: According to the ICN protocol, the OP of
the CCN protocols, here we briefly review the CCN protocal, can be expressed as
[3]. In the CCN protocol, the transmission block is divided pICN
into two phases with equal duration. During the first phase, S , ,
sends the superimposed signaliip and U,, andU; decodes —Prives <oymmez 2 9m1 2wt (@)
U,'s message and forwards it in the second phase. Compawdtere Pr{-} means probability of an eventg » > 41, indi-
to the CCN protocol, our proposed ICN protocol is essentialtates that the system works in the DNT mode, and < vt
an adaptive protocol which can adaptively switch between tindicates that the system works in the CNT mode."As is
DNT mode and the CNT mode based on a 1-bit indicator. independent fromy; » and~, 1, (2) can be rewritten as

PIN=1-Pr{v22 >} Pr{v1,2 > Y, 71,1 >V}
B. Sgnal Model 0 0o
1) DNT Mode: S sends a superimposed signaltpandUs, —Pr{v2<vm}Pr{vie > v, M1 > 7w} (3)

which occupies the whole transmission block. The resulted
signal atU,, is defined by

=1—-Pr{y22> Yn, 71,2 > Yen: Y11 > Yen}

Ql QS
whereQ; = 1—@Q;. It is easy to verify that); = Q2 =0

Yn = V01 Pshpw1 + /s Pshyxo +wyn, n=1,2, (1) for Hl” <a; <1, and@Qs =0 for ﬁ < aq < 1. Thus,
t th

where P, is the transmit power of Sy,, denotes the messagep_lICN =1for ;i—<a;<1. When0 < a1 < 15—, Q2 s
for U,, «, is the power allocation (PA) factor far, with 9iven by
o1 + 0y = 1, andw, is the additive white Gaussian noise () _ Pr{|h1|2> Yeh [P > }
(AWGN) at U,, with zero mean and varianee’. ~ ps (e —ynay)’ T aps
According to the NOMA principle,U,, first decodests B 2 Yeh | ——dwm
upon observingy,,. Denote, » as the received signal-to- _Pr{|h1| = —} =€~ 4)
interference-pulse-noise ratio (SINR)I&); to decoder,, and
then+y, 2 is given by~, » = %, wherep, = P,/o?
denotes the transmit signal-to-noise ratio (SNR) of S. rAft
U, successfully decodes, and performs SIC, the received -
SNR to detectr; at Uy, denoted byy; 1, isv11 = a1ps|hi]?. Q1 = e 7227 for 0 < a; <
2) CNT Mode: Here the entire transmission block consists gbr 0 < oy <
two phases with equal duration. In the first phase, the redeiv,, a
signal atU, is the same as defined in (1), and the receivqlqt;
SINR atU,, for message:; is also given asy, o defined in

S

where® £ min{f,a;} andf £ ay — ynar. Qo is derived
élsing the fact '[hatim|2 (: = 1,2,3) follows exponential
distribution with meart;. Following similar steps, we have
1 %W; aAmd Qg — ¢ mme
=l where ©' £ min{#’,a;} and
ag — Yi,a1. Substituting the results dp, Q2 and Q3
(3), a closed-form expression of;’s OP is given by

’

the DNT mode. IfU; successfully decodes, and performs 1— e o8 (n}eﬂ%ze) _ e*ps%f@/
5
1In the CCN protocol, both S anid; need to send pilot signals, for channel ;. + e_pgéihze e_ﬁ ., O<on< 1;,7
estimation at the receiver side(s). In the ICN protocolyodslsends a pilot 1 = N . Tin (5)
signal in the DNT mode, while both S andl; send pilot signals in the CNT 1—¢ s (WJFW) 1« < 1
mode. Thus, the signaling overhead of the two protocols arsparable to Ty, — 1+7en?
each other. 1, %’m} <ap<l1.
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2) Far User: The OP ofU, with the ICN protocol is given  3) Overall System: Similar to [3], the system outage is

by defined as the event when one user or both users in the system
oN ) are in outage. Thus, the SOP with the ICN protocol can be
PN =Pr{v22 < v 7,2 < Ynt expressed as

+Pr{v2,2 < %h, 71,2 > %ha’Yz 5 < Vin } (6) PN =1 —Pr{vao>yn,712> %n,711 > vn}  (10)
=Pr{v22 <ym}Pr{yie <7}

MRC
—PY{VM <VehyV1,2 > Ven V1,1 Z%ha’ru Z”Yéh} .
Q1 Qa

, MRC , Following similar procedures to those in the derivations of
+Pr{vi2 >} Pri{ree <vm,12a " <Yin}s PICN and PI°N| a closed-form approximation of the SOP
g, can be given as

Qa Qs
whereQ, = 1 — Q4. Similar toU;’s OP, the OP olJs is also on )= —e = \“10 ' “29) Qse ﬂsﬂl@ O<a1<1ﬂ, ,
segmented regarding; as follows. Piga= ) ,'LLh(W+Q_9) < (11)
. _ — s 19 2

When ﬁ < a; < 1, we haveP}®N = 1 sinceQ; = ¢ ) 1+ a1 < 1+m
Qa=1. 1 ) whereQg is given by (8). Comparrng the expressionsijf’N

When - < a1 < T we have@s = 1 and thus, and P/CY given in (5) and (11), respectively, we find that the
PICN — Ql — 1 — ¢ 7457, which is an increasing function OP of U, is identical to the SOP when; ¢ {ﬁ, ﬁ

. Ith 4

Of 1. In other words, when the overall system is in outage, it also

,ﬁ) means thal; is in outage. This is due to the following two
v _ " facts: 1) The system works in the DNT mode only wHén
whereQ, =1—e¢ %% and@; can be derived as can correctly decode its desired information (which mehas t

9 ) U, has no outage). In this casé; in outage also leads to an
-p aaps|ha| Ba|? o ps|ha| /
Qs =Pr 721<'Yth7pr| 3 T <%m

Now we derive PI°N over the regiona; € (0

outage of the overall system. 2) WhER requests cooperation
a1 ps|he|™+ a1 pslha] ™1 (which indicates that the target rate G cannot be achieved
Jth

i i 1 1
[ Vi Qo psT . in the DNT mede), ifa; € [Wf W) We havey, 2 <
- hsl*\ "p. " pr (Q1psz+1) Final (@) @ Yin 1-€., Uy fails to decoderz, which results in an outage at

Yth bothU; and Us.
i ps0 agpse N ] @
=1—e Ps%20 _/ ¢ (%h ‘*1”3”1) —e “2dr.
0 2 B. Outage Performance Comparison with the CCN protocol
Qs We denote the OP otJ;, Uy, and the overall system in

the CCN protocol byPCCN, PN and PRSY, respectively.
Following the CCN protocol details from [3] along with the
expressions of?[“N, PI°N and P[{} given in (2), (6) and
(20), respectively, we have

Here Fz(-) and fz(-) are cumulative distribution function and
probability density function of random variable. Though it
is difficult to derive a closed-form expression fQg, we can
obtain an approximation for it. By replacing the variable-
sk (t 4 1) in Q¢ and using Gaussian-Chebyshev quadrature
[§ Eq. 25.4.38], we have

1
IO IR Cae)
Qs = — L& / e Prise 20:020 (f

PN <1 —Pr{v22 > Yn, Y12 > Yo Y11 > Vin}

—Pr{v22 < % 71,2 = Yh V1,1 = Vint
=1-Pr{vi2>Yn71 > %} = PLN, (12

20500 PN < Pr {722 <Ypom2 < 'Yéh}
CCN
~ e Z Jige s g HPrinazoamt bl =709
20,020 K k€ ’ and
’ ’ MRC ’

where K is a parameter to balance accuracy and complexrtyPl&2 <LPri{m2>m7122 Y >7thg? 2 =7}
& = cos (%), andg (z) = 7}, — 52552 Substi- —Pr{y2 2<ytn 1,227, >%mg 5>} (14)
tuting (8) into (7), we can obtain an approximation@f. _1_pr{71 2 > Vi Y11 > Vi Y 2 C> ’Yth} CCN,

Combining the results fof);, @4 and @Qs, and after some

algebraic manipulations, a closed- form expression of @ppr Therefore, it can be concluded that the ICN protocol out-

ted PICN h 0 o b performs the CCN protocol in terms of each user’s OP and
imated P,“" over the regromle( , 1+~, ) is given by the SOP.
PION ~ 1 —¢ — s _ . ,J!g;ﬁ‘g/ e, (9) C. SOP Minimization and Diversity Order Analysis
o In this subsection, we first investigate the asymptotic geita
whereQs is given by (8). performance of the ICN protocol when — oo andp,. = A\ps

From the above derivations, we know that°N and P;°N  with 0 < A < 1. Based on the asymptotic analysis, an OPA
are both equal to 1 Wheﬁ— < a; < 1. Thus, in the sequel strategy that minimizes the SOP is developed, and the diyers

we only focus on the remaining region, i.8.< o1 < 1+'r order of each user is derived as well.
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1) SOP minimization: As p, —> 0o, we have}¢ —
o2 +pr|h3| >, for0 < ag < 1+ T
Pr {7 F° > 44} — 1, and thus P}QQN converges taP{CN
based on (2) and (10). Together W|th the fact thiats OP
is identical to the SOP when; € T%h’ W , it can be
concluded that the SOP convergeslig's OP asp, — oc.

Noting this key observation, in the following we focus on the

minimization of U;’s OP.
When ps — oo, applyinge™* “2%1_2 into (5), we can

derive the asymptotic OP df; as
Yth Yth Vs N
PION e T 0007 0<ar < 1+7 (15)
ASYTT) 1 1
Pt: Q10 + 929) ’ 1+Véh Sap < T+7en
Substituting the expressions 6f ©, and®’ into (15), ll(jljy

can be further expressed as

i), 0 < an < g
b fa(an), o Ty, S0 <mm{2+}”h ’ H}Véh } ’
Py p?s‘z‘lfa(al) mm{m—mﬁ}ga‘ w19
7p#shfs( ) max{zmh T } So<rrg
in which we have
Vin
o 7 17
fi (o) a1 psQa (1 — a1 (14 ) 0
1 Vih
1 . (18
faan) ar - psSa(l—on (14ym) (1 —ax (14+77,)) o
1 Vih }
. . (19
1
o . , 20
Ja(oa) Qar (1 —ap (1+ym)) 0
1 1 1
- - (=4 =), 21
f5 (0[1) 1—(11 (1+/Yth) <Ql QQ> ( )

For f1 (a1): It can be shown thati monoton-

1(1—a1(1+vem))
ically decreases with; € (O, W . Thus, f1 (1) is a de-
creasing function ovet, € (0, . smceQH < ﬁ

For f2 (a1): f2 (a1) is @ convex functlon ohl due to the
facts thatail

1 1
! 1—0t1(1+’Yth) 1ﬂ1(lﬂéh)

of o7 and that the sum of convex functions is still a convex

function. The first-order derivative of; (o) is given by

dfa (aq) _ 1 a(b(l—cay)+c(l—bay)) (22)
doy oF (1 =bay) (1 —cay))®
wherea = 7“‘ , b =14y, andc = 1+ ~,. From

(22), we can ea5|ly verify that‘”jTo‘lwaﬁo < 0 and
dfa( > 0. Since f2 («1) is a convex function,

dal

the critical pomt of f5 (a1), denoted asj, must lie in the
interval ( , and is the root om 0 that falls

’ 1+'Y

which indicates that the mlnlmal point of

in (0, T ) 2 Thus, for2+,y <o < min{Qﬂth,lﬂth}
Pllgls\; is at [e%1 51 with ﬁl ES

max {W,mln {5, m}}

For f3 (a1): fs (o) is an increasing function af; .
For f4(c1): Like fa (1), fa(aq) is also a convex func-
tion of o, whose critical point can be obtained as

A — M
E— ,wherezp_ Thus, for =%~ —<a <
ICN —
maxqyo—, 1+7 } the m|n|mal point ofP;(\ is ata1 = [
H A 1
with BQ = max {m, W}

For f5 (c1): f5 (o) is an increasing function af; .

Combing all above observations, we conclude tRatY
achieves its global minimum valueat = 3; if p%;;l 2(B1) <
%f4([32), or ata; = 3, otherwise.

2) Diversity order of each user: From (15), we can observe
that the diversity order oty is 1, which is the full diversity
order forUj.

As ps —> oo, the asymptotic OP olJ, over the region
oy € 1+'y/ . 75— ) can be easily derived a8 = Q1
p”;{‘e, wh|ch illustrates that the diversity order of; in this
region is 1. The reason for the diversity loss is that in this
region ofal, U, cannot work in the cooperative mode since
1,2 < i, and thus, it fails to provide assistancele.

Now we focus on the derivation dPl°N when0 < ay <

2,asy
. As ps — 00, Qg in (7) can be approximated as
0} a2PsT

h
1
2 1- B
Qo= /0 ( prQ3 (Wh (ozlpszc—l-l)))
Q) (1 _efpsg_w) (1 Rt ) L dm 7

0: ) 200002030 K

Q2%th fk + 1)
X \J1—¢&2 e
Z R gy (€ + 1) + 20

where step (i) is obtained by usirg® *2% —x, and step (ii)
is achieved by applying the Gaussian-Chebyshev quadrature
Now substituting (23) into (7) and applying * =0 g

again, we have); ~ %, where= is given by

Z /i e az¥n (& + 1)
Forven (& +1) + 26

~

1+

1
Q_ze O dg

_vn(épt1)
2psQ920

, (23)

—
i

(24)

are convex functions 'N addition, an apprOX|mat|on of)1Q4 in (6) can be easily

gbtained as;Qu % To this end, by combining

the approximate results fa@p, Q. and Qs, the asymptotic OP

~

of Uy over the regiony; € (0, S ) is given by
L [ v Y=
ION ~ — th : 25
Zasy 52 <919299' Q230 (25)
According to (25), it is clear that in region; € (0, ﬁ)
th

U, achieves its full diversity order of two.

2Note that%ﬁl) can be transformed to a quartic function @f, and
the procedures in [9] can be used to find closed-form rootg%% =0.
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Fig. 3 investigates the impact of power allocation facter
on the outage performance of the network. It can be observed
that the OP ofU, increases withny, while the OP ofU;
first decreases and then increases with The reasons are as
follows. With a higheray, as is lower, and thus, the chance
that U, can successfully decode its information in the DNT
. mode is lower. Further, in the CNT mode, a lower means
R=1 RN the chance that; correctly decoded’>’s message is lower,

107
§O§Z{3Etil and thus, the chance th@dt can helpU, to achieveU,'s target
ik Sim;émon - = éo - - rate is Iowgr. Therefore, the OP ©f, increases withyv;. The
Transmit SNR p, (dB) OP of U; is affected by two factors as follows. Factor 1: A
highera; means more power fad;’s signal, which tends to
Fig. 2. Outage performance of the ICN and CCN protocols. decrease its OP. Factor 2: As aforementioned, a highedso
16 ‘ ‘ ‘ ‘ means the chance thalt correctly decoded),’s message is

> lower, or in other words, the chance thd{ performs SIC
107F E ) ] is lower, which tends to increadé;’s OP. Whena; is low,

2 ! 059 00591, e = . ) .
z Factor 1 dominates, and thuB,;’s OP decreases withy;.
£107 ,‘ b N s s by | When «; increases beyond a point, Factor 2 dominates, and
2 ! b : =1,1.5,3 bps/Hz \ - X |
%107 ] K ! thus, U;’s OP increases withy;. From Fig. 3, we can see
80 3 ‘ o ! o =L q . . . . .
g T mmemy T that the analytical approximation of the optimal (which
© ol T e minimizes P{CY)) is close to the actual optimal value (which
P P e is the point ofe; that minimizes the SOP). It is worth noticing
107 01 3 o5 A“‘“i‘)‘r““"‘l 5 that whenR = 3bps/Hz, the optimala; lies in the region
Power allocation factor for Uy (a1) —L— —L ), which indicates that to minimize SOP, the
1+'yth 14+~tn

Fig. 3. Outage performance of the ICN protocol for varying(ps = 40dB).

IV. NUMERICAL RESULTS

system should stay in the DNT mode in this case. When
R = 1bps/Hz and R = 1.5bps/Hz, the optimala; is smaller
than —L—, and thus, the best system outage performance

1+

is achieved by adaptively switching its transmission mode
Now numerical investigation is carried out to verify theaccording to the quality of direct link td/s.

analytical results and present some non-trivial desigiglits.
Unless otherwise specified, the following parameters age:us

V. CONCLUSION

01 = Q3 = 0.1, Qs = 0.01, ps = py, and K = 10. We have proposed a cooperative protocol for TUDN net-

Fig. 2 compares outage performance of the proposed |
protocol against the CCN protocdlA close match between
the analytical and simulation results in Fig. 2 verifies thé?
accuracy of our analysis. Fig. 2 also shows that both the ICN
and CCN protocols achieve a full diversity order for eachruse(y
Further, we can observe that the proposed ICN protocol is
superior to the CCN protocol in terms of each user’'s OP and
the SOP, which is consistent with our analysis in SectioBlll 2]

We defineperformance gain of the ICN proltggzol relative
to the CCN protocol a$s (%) = 100 x (1 - %), where 3]
A € {1,2,1&2}. In our numerical results with; = 0.2, R =
1 bps/Hz, and p, = 30dB, performance gains of/;, Us, 4]
and the system ar¢12.3,17.7,11.9) when Q. = 0.001,
(46.6,68.5,46.8) when Qy = 0.005, and (55.0,78.8,55.2)
when ©Q, = 0.01. It is obvious thatU, has the highest
performance gain, while the performance gaindJgfand the
system are almost the same. Note that this observationds ali]
verified by Fig. 2. All the performance gains shrink 8s
decreases, because S in the ICN protocol tends to transmit
information in the CNT mode as the channel from Stiep [7]
deteriorates.

(5]

(8]
SHere we compare our ICN protocol with the CCN protocol as only
statistical CSl is needed in both protocols. If global insaaeous CSI is
available, better outage performance can be achieved {l@egR-NB protocol [0
with optimal block length allocation in [4]).

rks. We have analytically proved that the proposed ICN pro
ocol outperforms the CCN protocol. Numerical results have
lidated our analysis and demonstrated valuable insights
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