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ABSTRACT

In this paper, we consider a system with massive user equipments (UEs) in a cell and assume path loss and Rayleigh
fading channels between the base station (BS) and UEs. In addition, it is assumed that the system bandwidth consists of
multiple identical frequency subchannels. Under such assumptions, we propose a channel state information (CSI) feedback
scheme and a resource allocation scheme for non-orthogonal multiple access (NOMA) transmission in order to reduce the
feedback overhead of CSI generated by massive UEs and to reduce the complexity of resource allocation. In particular,
for the proposed schemes, we analyze the sum data rate achievable by massive UEs in a cell and the outage probability
with which the UEs in a cell do not meet the target data rate. Through the simulation results, we show that the proposed
schemes can provide the superior outage probability, although it degrades the average sum data rate.
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Fig. 1 Downlink NOMA system with K UEs in a single cell
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Table. 1 Simulation conditions

Parameters Values
Carrier frequency 2 GHz
System bandwidth 20 MHz
Total transmit power 40 dBm
Noise power density -174 dBm/Hz
Cell radius 500 m
Minimum distance between 30m
BS and UE
Path loss exponent 4
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when N=10 and R,=0.1 Mbps

Full CSI-based NOMA, ——K =2K/N —— K =4KIN

Best CSl-based NOMA, —O—N, =1 ——N, =2

300 - .

250
=
[=9
s
= 200
2
5
&
g
& 150
©
cn
g
Z 1004 Random SA-basd OMA

50 T T
20 40 60 80 100

Number of UEs, K

Fig. 4 Average sum rate for various numbers of UEs
when N=10 and R,=0.2 Mbps

Full CSI-based NOMA, —{— K =2K/N —— K =4KIN
Best CSI-based NOMA, —O—N, =1 —/—N,=2
1
L {}
0.1 4 /
Random SA-basd OMA
2
=
]
8 0.01
=1
~
)
&n
]
3
1E-3 A
1E-4 T
20 40 60 80 100

Number of UEs, K

Fig. 5 Outage probability for various numbers of UEs
when N=10 and R,=0.2 Mbps

Full CSI-based NOMA, —{1— K,:4K/N —— K,:8K/N
Best CSI-based NOMA, —O— N,, =1 W—N/ =2 %N, =4
280 - g
240 o VI AL
=z
[=9
= —)
= 200
2
151
& /<
E 160 "
w
5 K
3
b}
-
< 120
80 ; ;

20 40 60 80 100
Number of UEs, K
Fig. 6 Average sum rate for various numbers of UEs
when N=20 and R,=0.1 Mbps

Full CSI-based NOMA, ——K,~4K/N  —— K ~8KIN
Best CSl-based NOMA, —O—N, =1 —/—N,=2 —%—N, =4
1 g E E 3 C
0.1
2 0013
:'E
8
S 1E3
=%
o
o0
£ 1E4
(=)
1E-5 4
1E-6 :
20 40 60 80 100

Number of UEs, K

Fig. 7 Outage probability for various numbers of UEs
when N=20 and R,=0.1 Mbps

1044



SHei= HIAlT O T4 AlAH0IM B2 1= Qufs=E 0l@shs Rigl Sg 7|

1% 49} 19 5%N=100]1 R,=02Mbps < uj thz-
o) ol T2 s F SlOlE] B ol 2 ACKNOWLEDGEMENT
Ao 717) Wit & glolE AeE This research was supported by the National
2 79 20} AR LS Hoj=i vl ol 18] 50| 4] Research Foundation of Korea(NRF) grant funded
Best CSI-based NOMA 9] o}-9-E|%] 282 R, o] Z7} by the Korea government(MSIT) (Grant number:
2 719 39 A7} B} AstE LS Hol=r) w3l NRF-2022R1A2C1003388).
3 22} 118 30|42} o] Best CSI-based NOMA =
Random SA-based OMA K.t} 431 & dlo|g A4E

¢} 3= L0
‘L]' ]'Tﬂ;q == oo = 50:1'1':51' References
949 19 5%N=100]_T’_ R =0.2Mbps%_] ik
9] grof| W2 Ht F dloly A5E oFE]X] &5  [1] I Budhiraja, N. Kumar, S. Tyagi, S. Tanwar, Z. Han, M. J.
Yy yag
=8 7+7h qu_i_q— 13 49] %‘ELL % glo|g ALE Piran, and D. Y. Suh, “A systematic review on NOMA
© 7329} S A}BH AS-S W o2 vl o] 1) Sof|A] variants for 5G and beyond,” [EEE Access, vol. 9, pp.

85573-85644, May. 2021.

Best CSI-based NOMA 9] o}-2-E] 2] &2 R, 9] =7} ‘
Y. Yuan, S. Wang, Y. Wu, H. V. Poor, Z. Ding, X. You, and

—
[\
—

1Y 39 Ant Bt sk s = Ee L. Hanzo, “NOMA for next-generation massive loT:
T1% 29} 719 30412} 2Fo] Best CSl-based NOMA+ performance potential and technology directions,” IEEE
Random SA-based OMA Xt} 9431 & g|olg AEE Communication Magazine, vol. 59, no. 7, pp. 115-121, Jul.
3 obsE 4] 38 A4S BolEt, 2021.
[3]1 D. Kim and I. -H. Lee, “User Association and Power
Allocation Scheme Using Deep Learning Algorithm in
V oz o= Non-Orthogonal Multiple Access Based Heterogeneous
- =2 = Networks,” Journal of the Korea Institute of Information
and Communication Engineering, vol. 26, no. 3, pp.
E =R A= sl 3 NOMA A| A" oA o 430-435, Mar. 2022.
ol ol Wsts Wi Ad e JR e m= [4] N.Yang, H. Zhang, K. Long, H. -Y. Hsieh, and J. Liu, “Deep
W QO I =o} A} slo] BRI S Zo|7] £]51o] A Neural Network for Resource Management in NOMA
g Abe] AH o] ml=w 7Huk NOMA 718 219 &g Networks,” IEEE Transactions on Vehicular Technology,
71¥-S gotatst). Ea], Alorshs 7| Mol A 7} that vol. 69, no. 1, pp. 876-886, Jan. 2020.

—
w
—

H. Zhang, H. Zhang, K. Long, and G. K. Karagiannidis,

o] g MHo| 7} = dH o RAd 3 2d A
] H ] ]— T«] o H Oﬂ EH H “Deep Learning Based Radio Resource Management in

g RS vEste] eHI=S Folal 7|A[= o NOMA Networks: User Association, Subchannel and Power
2 2aud F2 Ad A JREZE NOMA 7149t #4¢ & Allocation,” IEEE Transactions on Network Science and
-9 235l B E kA A7 Ay SAFsHA H) Engineering, vol. 7, no. 4, pp. 2406-2415, Jun. 2020.

2= Sy H2aA 9 gadgo] Hojyg g 11 [6] L-H. Leeand H. Jung, “User Selection and Power Allocation
3t A Eaﬂol AL 3 Aokl 7] o] 02231 o} for Downlink NOMA Systems with Quality-Based Feedback
%] 3H8 A% g 1o slolslgiet. w3k Ajoksh in Rayleigh Fading Channels,” [EEE Wireless Communications

Letters, vol. 9, no. 11, pp. 1924-1927, Nov. 2020.

s e 7 [7] C. Chen, W. Cai, X. Cheng, L. Yang, and Y. Jin, “Low
XHHEO“ EHK]— XH FE AEE MENS o Bt 5 Complexity Beamforming and User Selection Schemes for
tﬂo]E—] s J‘]’ O}Tﬂ ] ots AsS 37‘” 50”?:}*]72] 5G MIMO-NOMA Systems,” IEEE Journal on Selected
2= 98-8 HoFEQIth 0|9} Zro] AL A|AH] @ HF|E Areas in Communications, vol. 35, no. 12, pp. 2708-2722,

S|
grES vt 5/11] Dec. 2017.

3GPP, “Study on channel model for frequencies from 0.5 to
100 GHz (Release 17),” 3GPP, Valbonne, France, Technical

]
2 o] @3l Aok 7L it
of mMTC @ 64|t ToT 5418 A&}y gjet Tw 7] L8
& ueE S 9ok

—

1045



2™ B EAISHS[=2X] Vol, 26, No, 7: 1040-1046, Jul, 2022

Report TR 38.901, 2022.

[9] L. Dai, B. Wang, Z. Ding, Z. Wang, S. Chen, and L. Hanzo,
“A Survey of Non-Orthogonal Multiple Access for 5G,*
IEEE Communications Surveys & Tutorials, vol. 20, no. 3,
pp. 2294-2323, May. 2018.

0|21&(In-Ho Lee)

20031 28 : FHRICHSLD FXIHFE TS S
200541 28 : BHRITHBt AR Mo S5t
20084 82! : shtCistul MXIKT | M| o{H =SSt
20084 92 ~ 20101 494 : ARMFX} DMC 01; olojTLe|
20104 42 ~ 20114 3& : shfCistul ERICA 24404

20114 38 - 8t : ZRIBACKSHm HxY|Sope

NI iy
0L|0H
il
il

HTHJZOF: PM B2 SA AR, MIVO T 715, PURIIZR] 718, BN CFF B2 T,

1046



