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ABSTRACT

ABSTRACT

Due to the increasing popularity of the fifth generation mobile
communication technology (5G), the explosion of wireless connected devices
requires higher data rates, and the use of spectrum and energy efficiency is also
facing great challenges. In order to improve the performance of 5G wireless
systems, there has been a boom n research into the use of Reconfigurable
Intelligent Surfaces (RIS) to create a smart radio environment. RIS is equipped
with passive reflective elements that manipulate the propagation of incident
electromagnetic waves in a programmable manner on the surface, thereby actively
changing the channel implementation, transforming the wireless channel into an
optimizable controllable system to improve overall system performance. RIS is
an emerging and revolutionary wireless communication technology that promises
cost-effective improvements in spectrum and energy efficiency. Similarly, Non-
Orthogonal Multiple Access (NOMA) is a promising technology that reduces
latency, enhances connectivity and reliability, and improves energy and spectral
efficiency. Due to NOMA's inherent advantages and ease of integration with other
existing communication technologies, it has become a key technology for the next
generation of wireless communication. RIS and the combination of RIS and
NOMA technology can effectively improve performance of systems. However, in
the actual communication process, the communication system is affected by many
non-ideal factors, such as the spatial correlation between rectangular array RIS
components, and the hardware impairments of the transceiver. The main work of
this article is as follows:

(1) The article investigates the performance of RIS-assisted systems with
hardware impairments under spatially correlated channels, where RIS assists the
base station to communicate with the user with the direct link blocked. First, the
channel spatial correlation and hardware impairment are modelled, and then the
instantaneous end-to-end signal noise distortion ratio (SDNR) expression is
presented. Based on these, in the two cases including RIS’s equal phase shift and
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random phase shift, the respective closed-form expression of outage probability
Is derived, and further the upper bounds of ergodic capacity are obtained. The
performance of the focused RIS-assisted systems is assessed from multiple
perspectives via Monte Carlo simulations. Moreover, the accuracy of the
theoretical analysis is confirmed, and the adverse effects of both spatial
correlation and hardware impairments on RIS communication system are depicted.
Both the outage performance and ergodic capacity degrade significantly with
hardware impairments worsen.

(2) The paper analyzes the outage performance of spatially correlated
reconfigurable intelligent surface-assisted downlink non-orthogonal multiple
access communication systems. In order to improve coverage, the edge user of
cell can be assisted by RIS to enhance communication with base stations. Under
the Rayleigh fading channels, the closed-form outage probability expression of
the cell center user is analyzed. According to the different phase shift
configuration of RIS, the outage probability of the edge user is derived. The
simulation results verify the accuracy of the outage probability expressions, and
the effects of spatial correlation and phase shift selection on RIS assisted edge
user are evaluated. When the equal phase shift, the spatial correlation significantly
improves the edge user of cell performance, In the case of random phase it is
found that the phase shifts are equal shift, the spatial correlation is unfavorable to
edge user.

Key words: Reconfigurable intelligent surfaces; Non-Orthogonal Multiple
Access; Spatial correlation; Hardware impairments; Outage Probability; Ergodic
Rate
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BBl G HAR I LR R R IR R R 2 —, MR R BN TAIE I T7 77 H T -
HAr, RECHEANMS BN, AR CDEAITE Lo s, W FaeFl. &
FHL, ZXWHES) T REGEEARKE. WA ahlfEHR (The First Generation,
1G) KBEFIWA 1) A shiEEH A (The Fifth Generation, 5G) , XA EhEE
AR SEFENFAERER bR . FEE BRI AR K R B AN BTNk, v 5G et Hre
KRR ESEH TR RPN, 1 re i 5 M 24 @2 38 AAEA 2 R m Mg mel & 1
ERIEIR R, (13 ERAIRRIEIEFERCH 5G W 2% b i BBk (1 ) fl 2 — DI,

N BRI ERIEAE KR 3G B 2 s, T R #ikre, JEIEAZ 2k
N (Non-orthogonal Multiple Access, NOMA) #iARZZ 3|z W5t . 1% 5 5 I
AR 5 SR B A WTIG G, 5G Jo 4l AE il Pk A g B IR R S s AR S, 51t
GilEAxE 2 a4 (Orthogonal Multiple Access, OMA) FAR KX 57T NOMA 7] LA
& 5G SR AMAMBLER M T RM. 51N NOMA 2] 5G 1, RENEH IR,
BN S B A AR RE A A i B MR RS . NOMA J5 S KAk AT Ly A il £ ik 5
MR Z B, A ESER 2 H 7 UL =R — R 2T £
2 H NOMA L Fi5 4> £ 4k (Code Division Multiple Access, CDMA) 5% #i %7 %
ht (Multi Carrier - Code Division Multiple Access, MC-CDMA) , £ /' JL =2 [H] i st
AR, AREERD AKX 73 FH P s NOMA FuVEAS[A] FH P o R TR] AR ek ) 40 2 ) 45 53 5
LT OMA HiAREUS R E M MERe a5, 5 A2 7ERT JE BR fl 5 5l TP,

BE & Ak 55 7N Bl il S HoR (The Sixth Generation, 6G) A LA G 62k X 2% ) 78 £E 5
B BBV 2R, AR BIEEERRS AN NE . REAZKBEIEGE

(Millimeter Wave) . KA 25 N\ £ 4 (Massive MIMO) FlHE %8/ 4% (Ultra-Dense
Network, UDN) S5 AR IYSCRF T, Chgem] LASKEL 1000 17 45 25 & (R 38 AT 1000 1238 4%
ST ERER, (FR Se ARG —Se3 g, Gl SeB A A R . T it U A e AR
LN

H IR T IEAE TR A6 LK, AR B — BN RS HLR L 2 (8] I BEALAT A
KA TC 2 IR SRR S 5, AR RS /T, TR H BUE fl 4 518, 115
G EARRE AR P A BT LB, AR EAAE 2 AR R G 7 3dE 51
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RO, G DL IR R A AT R R SU N AR R, A LB E KRG RE
GRS SIS WNIIE /S

N TR IR R, Y2 S E IR IR R 56 HR 2 Ja v M BE B AR EAR,
N 6G BLE Al . AF N — T I 38 {5 R W H A B 58 3K Tl (Reconfigurable Intelligent
Surface, RIS)HILLE 2 KL EF U8, 0 5] TAR Z A 708 HVER . RIS AR HIHES 7224
7] T IUA 1) MIMO- 8 ST il JBOR R 1) H 40 ) SO S a0, RIS HA K/,
RECARTGIE e, AU BRA AT AR GG S, AT ZE LTI Re I EAT 0
(Radio Frequency, RF)Ab3E . f#AS ., Zmidal EALP), J@id I bh i 5, mTDAR G E
HTC B R LB 2 [R5 S AR R s e e (518, DASCILRT 7% (S 5 B S /0 A, M
IRA bl I A5 T VR B TP el R, A RIS o 4l A3 ml SEVE AN A B BT K
PROO, ERE R T E R, AN, A G 2Bk, flan, £ MR, &
SUPIIAL AN = AR . N ARIREE SRR L2 RIS, FESKBR R H B B R g
O, gbah, N TWEARRRFIN S, w1 LAIE B AFA 2P T =R I RIS Y,

1.2 ERSMAR IR

1.2.1 BENEEMFIAR

1G REIBEHARNIVIMGKRE, £ 90 FAVIHHIHAK, 16 F A H KRB
5 5514y 2 3k (Frequency Division Multiple Access, FDMA) A, &4k B HE,
— R AH KL 2.4Kbit/s, H 1G fplk S E VN, B sz, S8R5 E
Mz A 2 . 1E 1G WZEAl BRI HY 158 AR 8l 5 R (The Second Generation,
2G), WS R K, M4 DA 2 A Frie T, 26 B R RS ELMIE,
iHiT CDMA Flis 4y Z 3k (Time Division Multiple Access, TDMA) i AR K4 i W 2% 22 4
Y, ARCERILSEMINERRABEAN LS, 26 WHIRZHIhEe, . 155
BOR, XN = A3 ke il 2 )

£ 1G A1 2G H2Eali I, 28 3Bl 55K (The Third Generation, 3G) NIz Ml
A BN KPR T EZ RS, sk, ek NESIRE R, Bl
HEG . HMEGE. 3G EE B FEBS 42 hE (Time Division-Synchronous Code
Division Multiple Access, TD-SCDMA) . CDMA2000 LA} % #i %4y % 4ik-(Wide band Code
Division Multiple Access, WCDMA), —IiHi AR H, =FHZE—MEEHAERIRE.
B 3G A RRYE, HilfE Ra AR scBl sk s, H 3G Ankfl H R 8K

SR EEE A (The Fourth Generation, 4G) 7£ 2009 4F i, 7£ 3G fh3EAt E

A T ICLE RN (Wireless Local Area Network, WLAN) A, 4G %A IEAS 54 £ ht
2



(Orthogonal Frequency Division Multiple Access, OFDMA) #AF A, BIANZHANZHi
i (Multiple-Input Multiple-Output, MIMO) JB15 &4t, 15 4G {£4i1% & % 100Mbit/s.
1.1 BAZE B AN BAZINE K E AL R £ 2K

Table 1.1 Length of mobile communication spectrum and main frequency bands used by domestic

operators
1G 2G 3G 4G 5G
5 39MHz 5 15MHz 3. 130MHz 5l 160MHz
il: 16MHz id: 15MHz kid: 50MHz FkiE: 100MHz
H{5: 15MHz H{5: 15MHz H{5: 55MHz Hi{5: 100MHz
F B - F B F B T B
900MHz. 1.8GHz 1.9. 2.1GHz 1.9. 2.3. 2.6GHz 2.6, 35. 4.85GHz

BFEE 4G Joidkifi R B SERAU AN W A 0« 58 v R 48 75 5K DA SR AIG I S 25K
5G fz i, ©EEMETLBERAEE, H—SH% T MEMERH, #HEAM]
X4 TR, BIERREBEAE RAMIE R BT, R 1.1 2 HarE Wiz 8 i sh i Em
WA FE LS A 0B . E 5G LA RIKE IR 6G BIAX, A R IFMIB(E REilf
Wiatrz —, W — AN RGEELHEAE SUERCE. BRESE. ARSI
K. HT NOMA HiAZE—FiEE 1N T7 NI 2 20 Z 7L, SRl R
I NOMA HENTT 58, — S MR Sk TR 7 2= IR, Wn{E NOMA 1815 R 4%
AR B AS B 4L RIS,

1.2.2 NOMA #3330k

b To 4 S Fa R I AWTIG K, KRR IE(E 1R CEA el AL 4 1@ S A U
Wi . THXT 5G W ] S DL AR R ER,  RE I D A A B R R SR
FRIIEOT, TR A e =R I E R G AE SRR Rk, R R IE(E
TR R B gz —18, T 1G B 4G B\ F FER &R IE A0S VR, X (1340
TR A%, AR 2 5G IR, HHT NOMA #iA A& 5G 1S5 RS A A&
BRI RIE AR 2 —, By En IE R —RR s aT L2 2 N A Rk E R, @
A I B 7 VR AR T R G AT R F 2R 18

£ NOMA J8{E R0 5T M Be AR br - ELEFE M 2 . R, e DL &
R A SCHR[14]5 Th 248 NOMA Ffidis NOMA Ji B A [F 1 M7 5, MR A
SRR E LIRS Z R, R IR F AN TR R R 5 o A2 Wi 5002, NOMA R AT LA 3|
FUFHITERE. FET NOMA XUBkHME R4k, EPE— AN AE R 4B iz 4 11 05,
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S IR S v A 2 WA v 2 1) RS 4 AR YD %% X (Decode-and-forward, DF) Al K3 K
(Amplify-and-forward AF)FF 4k, HFF0 7 3 7 AR DL R IR, &K BLFET NOMA )
DF H4kfi T2 T NOMA ) AF 4k LI A 1T NOMA [BMEIE(E 7 EWl. 3¢
BA[L6)WF 5T T TATHEEES NOMA Vi [il R RE AT, FH A EE 85 I80E o-p V%10,
#:F 7 DL-NOMA [ Wi 3 . 152 A0 ) 45 2 1 M A Rk, KILEA OMA ¥
HEN NOMA H - L B € B hrddE @21 NOMA H P A S h i . STk
[L71H T —FhEE TR SN 40 A i B & =% (518 _E NOMA S RS, 70t 1 H T A7 4E
B SR8 AT SE SR 24 RT3 B AN 58 BB 2T B 4T NOMA B WA . SE 3B PR
HkE A R . SCHR[18]/0 4T T F 4T NOMA Ji {5 R4 7E Nakagami-m V& {5 1E I
AN BCXT I P R Y PR R e . SCHR[19][20]8F 2 T NOMA JB{E 248, ST
M R R 0. SCIR21DE T 7 P B B AR, 45K, ThERN RN
W IE PR AN H T G B R, DRI R EHIEFEN T NOMA BRI IEH s
ITEREE, CHR[22]0 T T NOMA i 25 = fl(E KRG A =,
1.2.3 RIS #5E04K

RIS #NNRAK 6G T4l RGtH + 0 A AT S HMEIEEOR 2 —, @Al H KRR
A TEUR S e RIS S, RIS 3545\ S B R (A% 4% S il i m) g 10 7
X, @ S REE R m LG RANIMERE. RIS IS B ] LA iy
RGBEL, LIRS LG RAE AN RERNE, ML TIA MEAR, RIS SEHLT 7T 4
PG TR BAL RS, RIS BOW] B A VEAESR S8 s 25 A0 R B AR AT IR KB ),
AR NTE 2 P4 5 BE R =5 AR I A0 LT b, [N 6G Fh— AN dn PR (1 fif v 7 R[4,

IEAER, RIS FIHBLEHE THFFEE B 290, RIS BEON % AR AL LB mr i
s S iR, BasarPHRH 7 RIS 1E N & (Access Point, AP)FIEER:, il
S RAERE LL B AT, P T T RIS AR f1 . SCHR[26]WF 7C 7 — 4 RIS 4iiBh
) 2 % \ Bk HY (Multiple-Input Single-Output, MISO)iE(E 248, A £ KL 13} (Base
Station, BS)7E} 514 R4 %1 (Uniform Rectangular Array, URA) RIS (175 B T IR 55 8K 2;
FH P, 1E RIS bR HH [ 5 A8 ok e A& 4 (Maximum-Ratio Transmission, MRT), 57T
HBT R (3R E 2. Yang 5P S T RIS S B 54\ 5.4 HE (Single-Input Single-Output,
SISO)EE RAME R Z, N 1AL EHES 1 ak4mB) SISO RS B EEE AL 4 R4t
7RG, /8T 7 RIS BB LEWSCAR AL A (R A7 B A5 L1 25 O E2E, 38404 1 RIS 7E3K
IR T SE IR SR AR J N R R TR, 0 LRI RIS W] LAY Kk % 78 a5 o B, 4
BRI A, PP RERRAEIE . SCHER[28]HF 5T 1 EG A VRS 1E T EC & A IR RIS KU TT
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fELANE R SISO REEHIPERE, HE mFEN MG REXZRAGIHEER BN R, JFH
#He5 7T A AEEMEBEE RIS BE RGN AW G RIEN . SCR[2910 78 T — 1
A RIS S RS, HHEZANRSFI RIS oo, A4 RIS BITHAA — AN ALHE
5 AL LT (Signal Process Unit, SPU), %™ SPU 4 21| rh de AL BB G WM B A 1 RIS
BT, RIS BooHA RO B RN kg2, T RIS BT RERSA 44| FH
PRI S, A o A R A KA 1 B P 0B i)

KT RIS HHBNEME KRG, FIRSCEROCE [GFABE LT IERE, SEBR RS8R If
ARTERIBATH, Pk — 2 AR 0 RIS FiBDE(E RS20 . Hu 25000
1A RIS RGAFAERAH BT, RABTEEERIC el T RETEN
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TG » A4 0 o) 25 B ) 5 M) P DA St 225 40 o SCRR[311AE AL 1 9% T RIS B4 £ (A2
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X, AT RIS BRI A LS M IR . 25 FE RIS RIS 3% A7 7R R A1 Fe B 1 155
T, Liu Z5BE S T RIS REMBEIREEE, HES H AR MHNCE H R R S BRI
[, W ENEREE AR, W TR IR T RIS FBI T4 (E KGR
RE. A4h, Xing 1 Wang 25285178 7 RIS 4l Bh o2k RGP 2 al ik iR, {ESE 1 445
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