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Abstract

Purpose — 5G mobile networks provide higher network traffic and lower packet
latency. However, 5G can transmit data to thousands of users at a speed of 10 Gbps, but
it still requires proper allocation scheduling of bandwidth resources on the 5G mobile
networks. Therefore, this paper proposes a new NRRS scheme to achieve more efficient

bandwidth resource allocation in the 5G mmWave mobile network.

Design/methodology/approach — The proposed NRRS scheme focuses on the use
of'a CQI report value as the basis for bandwidth resource allocation and with combination
of NOMA UE pairing method, Also, we did perform some simulations to compare and
analyze their performance between NRRS and B-RR schemes.

Findings — The experimental results of KPIs indicate that the Cell latency can
achieve 27%, 11%, 15%, and 13% improvement ratios; Throughput can attain 2%, 26%,
25%, 14% improvement ratios; the Data failure ratio can get 19%, 24%, 33%, and 16%
improvement ratios; and also Data Failure Retransmission can obtain 28%, 18%, 16%,
and 22% improvement ratios in 10UEs, 20UEs, 50UEs, and 100UEs, respectively.
Finally, the simulation results have proven that the NRRS scheduling scheme can obtain
a lower Cell latency, higher Throughput and lower Data failure ratio, which are highly
conducive to allocating better bandwidth resources and more efficient data retransmission
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in the 5G mmWave mobile network.

Research limitation/implications — Although the transmission speed in 5G mobile
network reaches 40 times that of 4G LTE, there is high data traffic on mobile devices or
IoT devices which have very high data traffic. Also, the 5G is still in a rapid growing
development and bulky data may not be transmitted within a short period of time.
Therefore, a better scheduling method is needed to allocate bandwidth resources. A better
scheduling method can fairly and quickly allocate mobile network resources to prevent
excessive occurrences of retransmissions and put mobile network resources into efficient
usages. The main objective of this paper is to only utilize the 5G mmWave mobile
network to perform experiments and design novel round robin scheduling to achieve more

efficient resource allocation.

Practical implications — The research results have proven that the NRRS scheme
can obtain a lower Cell latency, higher Throughput, and lower Data failure and
retransmission ratios than B-RR method. Practically, the proposed NRRS are highly
conducive to allocating better bandwidth resources and more efficient data transmissions
in the 5G mmWave mobile network.

Originality/value — he inefficient issue of data transmission during the Channel
Quality Indicator (CQI) value is nonexistent, when B-RR executes resource allocation on
the 5G mmWave network. Also, the UE polling continues to be once happened is likely
to be encountered, resulting in network resource loss during UE data transmission.
Therefore, a new NRRS scheme is proposed in this paper to enhance the B-RR, in order
to achieve more efficient bandwidth resource allocation and obtain higher throughput on

the 5G mmWave mobile network.

Keywords: NRRS, Mobile Communications Network, B-RR, 5G, 4G LTE
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SINR Z #h3t i CQI > dwarf W &4 %] CQI 7T d DCI R &4 » CQI {4
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] out of range 0.1
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2 QFSK 120 02344 0.6
3 QFSK 193 0377 1.1
4 QPFSK 308 0.6016 1.7
5 QFSK 440 0.877 23
& QFsK 602 1.1758 34
1 16QAM 378 1.4766 42
8 16QAM 480 19141 35
& 16QAM 616 2.4063 7
10 640AM 466 2.7303 8
11 640AM 567 35223 9.6
12 640AM 666 39023 113
13 640QAM 172 45234 13.1
14 640QAM 873 51152 14.8
15 640QAM 243 33547 16.3
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9.
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TR AT B A BF R B 0 EE R R e B R B o R B E 48 S 8 T AE A
PATIEFS » FRTHEHE -BITER 7k » 2HRIUTZ —ERF R BT
BESITIUTIEF T R F O T — B Z > TRAER —EI/ERETR
B9 TAE > BRFATR RPAT T TAER €A FiF 0 B E B A B R IUT
B Z TAER A B A B BB 0 o R TAE Y ST AT M LAk B & oY A M L B 48
Al R ER e BF LB T A b Kb TR » RA R —ATHERF TS
A B P B 2R3 B R E TARAE RS Y FUT A R B 33478 TAEHUTE R -
Frame Structure : A% X4& A 5G mmWave Z24&3 4] (Mezzavilla et al.
2018; Ford et al. 2016 ) 3% 5|44 TDD ( Time Division Duplex ) % OFDM
( Orthogonal Frequency-Division Multiplexing ) % & Frame & Subframe #4
AR A - R HEAE T AR ERATAZER T B-RR - TDD 4-5F
BT A R R — B4R R A B — B A M B R AR AT — AR 5 B 1R
## (Uplink) 2 F A (Downlink) 4£#5 » BF Bl BT LT Bl 2 T %
B2 E) — AR R AR EAR SR T 3K 0 6y sESU AR A AR A B R AT AR
FHBEKCE R R B ey BAHMEIM R A4k ey 0 TDD #3836 ey 1E A
HEBRAEMEEERBLILELTE - OFDM A EXK#Ey % T - #H5#
TDD {# A b B £oi§ Frame 372 m% % /8 Subframe X 1% - OFDM & %}
Subframe «L#% 2% Symbol & F1&48 & 52| %, % 18 Sub-band, Sub-band 7 &
1B 2R A% T 4Lk A% & Slot » e 25 B4R 98 F4¢ Sub-band 2 & % 18 Sub-carrier <
&R DRBREH SR AR RAKR YT TEE - TEE
TOARRE S TR AN T AR E - % — 18 Symbol E % & DL control -
5% #%£ — 18 Symbol ] & UL control » #|F 4§ Symbol =T 245 UL & DL -
BB S EFXERAEME Frame o9 kK E %2 4 lms Hr4 &k 10 {8
Subframe > #-1& Subframe #t & 100us T *A & %% 24 18 OFDM Symbol » 4
{8 OFDM Symbol 2% 4.16us H# 1GHz 6438 % * 418 OFDM Symbol & 7T
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VA 4m 2% 72 /8 Sub-band <3k & Slot » £{# Sub-band st A 13.89MHz ¢44a
% o 4% F18 Sub-band H4£ F 7T ¥4 & B 48 {8 Sub-carrier

=~ TRy ik

4 A R TRk A BB AT IR0 1Rk - BRI ARIA R T AR R R 84
AL BHEASZEN TR EALOKR LR R R FMTIARESAEL S
B 2R 5G mmWave {# ] T 4 548 69 28GHz R AT B FHE 8y o 12 2 A AT 049
e 475 8 S SHR SUBE 8 K vy b BUAE R 2 B FRSF A SR RS KT » LB RR R & —
B HEAR 77 X AEAR AR A % 00 B KT A F Bk g A © % a2 ik
(Fataniya & Patel 2018 ) 4= F 2] i+ :

1. FCFS (First Come First Serve) : 4w F @ik Tkt ERKER ARG £2F X

PP LT RAEERERERAY  F—EAFKIITERBBELSIITT—EE
£ o

2. SJF (Shorted Job First) : db75 ik #4764 BEAE € SRAR & K PUTPT F 09 B MIF
B RATIMERERASER 0 B d T F K BF F B eh BF B AR b6 7 AR A
i1 o

3.PS (Priority Scheduling) : # & K04k 2 F K725 8 € —AEAME - 18
HBEHB—EELEER  BARRSNE R AEIUT  SEPRTEE
HEARBEFEFLEEETER -

4. B-RR (Basic-Round Robin) : B-RR T & 24 E Ko ey 5 — M KK
A8 R ey B I B s TR REHBAIITE—MEE KLY E B
Bl > TR RE —EE RSB S —BE RS IT  EREHRG T
B3 E KA L

A L8y 7k FCFS HeA2 77 ik @ @ 3] 0y P A8 E — AR R 69 F K FUT8 RAERK
EEAKI 0 SIF THRERFIUTIF R KRG T KO FHIFMBE 7T R R
AT Rk ) B R AR E TS @ik AT e uek (Starvation) sk A& - PS ik 48 R 409
RE EHEAERPAZ R B ey T BEAZ ey AT AR e R B — A A iR S
S oY 48 B & F KA G 1RE F Ak BT 0 B-RR 6948 Bh 362 T A AT W 34T 4 — 1842
0 — B4 % KAk Time Quantum 37 3] s 30N 9 4E 75 15 1% % AR T T
VAE AR BME % B3 R B|3E % - 7 B-RR <052 5G mmWave 47 ) 48 %% 22 A B 342 X,
AETAZGPEAZ 7 ik o

T HERRER
RHBXPFHTH ns-3 BB EH B RELE —EAAKXNRRERERS (ns

g

i
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simulator wiki; ns-3 tutorial ) > £ B RN RAKE 7@ * ns & 7] 4R AE# B A ns-
1 » ns-2 o ns-3 > ns-1 & ns & 7 5 — R 4GFRBLHE 3348 2001 42 O & K B B B fn 4
W ons-2 & ons A7 E _REIEFEEEK 2010 Sl AR R B HEE (ns
simulator wiki) » 7& ns-3 BIZ AThe & 092 ns-2 MRER KRB CEAF S A4
HERAAEHEY S F ons2 R XBHCLRBT 30 £172 % ° ns-3 BP & T4 ns-2
By 22 M 3t AL AR 09 REBE BB > ns-3 oy CHHRIE R RABE & T4 A ns-2 942K
A o BEECEA T ATRS A ns-3 B B A RAE PUTH AT FEM 0 v —EEFF
AEFH ZRA] ns-3 $UTE S —EFHTHEBEIITE G B FH > L H EEH
R Y IR 2 R EATAE AT 09SO B G FH R A AT RS RIF AR
& 8 BB HE B ] LR A R S AR ST -

S BFREMHE R
— ~ NRRS %3 R E Rz

A3 SUE A 6y ns-3 ARk 3k i By github _EH/F 5G mmWave 6938 X A2 X, (ns-
3 mmWave ) - 5G mmWave 44382245 F A% 094425 2 B-RR - B-RR & — {8
BN BRHEEAR BN R (Fataniya & Patel 2018 ) » B-RR #4418
Round 75 #4789 MAZ & M6 40 @ & D AH4E 3R 180 buffer 2 EH 5B &Ry d
o R S AR E TR SRR A A 0 £ AR E R AL B
AR RHTHARES XL EFTH AR ERE RS FEBAE DT
CQl > Ak UE oy OQI A £ R B AA i« Fesedy » AT 0 F - &
K35 %+ PR A %18 UE 2 mmWave eNB 47 ##HE 8 > #4 5G mmWave
U3 BRARAR R T A = 48 09 4R R AR IHA STIL 3 £ ST A 12 F) 10Gbps 0 K oFHE MR
2 —{8 mmWave eNB 4745 IR A5 A %365 UE » 7T LA A 4% 14 0998 T8 2 42
A BT oA T ZAF 48 UE 09 % RARFRARA © Bk » AXPT3st NRRS ik
4E CQU R 42 5574 0 BF ALK DRl sk A FHE S ey R 3 B L7 XRRER CQI 47
UE 34 /a8 5 & NOMA Bo# 4% 8 % %7 X » 4 —18 NRRS # Round B45 %
MR EHR CQL 2 MR 40 FAME M R LR ARk ) A S 4tk AR
# o s o H By KPIs (A7 Cell 58 » JRILAER  AHARF A T HMARER K
oo BB RT AR R B AE® Cell IR » HHMRE R TR A K
F& 3% AR VT A K

ns-3 A — B R BER R - B — 18 A AR S R 0B E — A
70 EEBRIER LAE 04 UE 60 F L OAF 2 oRFRBIRAS - F R T ke
FopGr k77 42 buffer o+ B-RR 4 — 18 Round F45 09 4% ok 230 pHg sk £ 48 DL
buffer & &4 FAFIRIL » A 3T ¥ oH I ey Slot A3 7 FH SR E 1K
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DL buffer 6 34% + 3f 4y 742 & 46 418 Round B4 6 BHZ A & s 25 7 #4834
%18 DL ) buffer ¥ £ 54 5 BER e84+ Y 34k UE & CQI %4 B &b 0 %
A dlig N SLik BREs 7 b 00 FORHE 304 R 3818 Round Rk IR HRAE » do
[ 4 7] A AR TRy AA2E -

Start Add HARQ DL retx
to Slot
Have Y 1
HARQ Clean recordin
DLretx? HARQ DL buffer
N |

Crraur suter [P )
HARQ UL buffer

B 4 FHERERYR VAR

Mt e & e CQI iw B2 ¢ e ®dets #1it > 4 CQI 7 % &4 7
RfeFln UB - H 16t @eh CQL> 7 it R AsRirh F M2 & Lpe X hyRir
FREP LRt R 8% CQLE eNB > A CQling a2 58 & 5
CQI it > 55 0Bl 7 UE Henivde ¥ it 4 % L85 eNB &2 1l
FRBEL UE> b B RT3 P, BEaizs|d g3+ eNB &2 1l
HF A RS UB > S5 S m o5 i 1 2 3 4 TR SR E @ buffer e ® A S
FEF MRG0 g CQLE 0 PR B E R TR e R )8
HRBF RGP e XA > mmWave Hoe 42 R § 40 B-RR $ CQI £ e i 422
FaEEA RS R LT 5 04oR S T

B-RR # =8+ &M > %k CQl £AANLERFETHHEH » 5
=Al&% UE &4 CQI =4 £ A CQI 35 BB AT @ A @B b AR % UE 6%
RS - ERAEIRS T T UBREFH - 2L TRERST LW UEGH L
% E R R E Ry AR FrAL F—18 Round B X6 sb 8 27 G B4 2R E ik
B > do B EBUR G MEIEF R AFEAE 0 PTARATIE B NRRS 2% B-RR 242t
4T H RO S B R o JF AR R E R CQLIAA A KT » & b4k CQL wfE
¥ UE ZAF 3 mey E#H 4754 > 254 NOMA oy UE B R > R&e—a
PR AR — B H AT ARHEM - R | TS R R 094 S T AL 18 R R
#J Modulation & i1 & #1& % > 12 & B & mmWave 478 @ % £ #4A MIMO
beamforming #4347 » 7T VA F) B i 47 4~ F] Modulation 841%#h%y1E - % — 2 4 # e
B4 RBAH T o9 UE Wik B A o9 Bo o ik @ AT Bo st 4090 > B 6 A2 2B e
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NRRS k742 H -

s )

Have UE
info in
RLC?

Get UE info from
RLC

value is
not 0?

Add UE info to [
slot Done ]

5: B4 4 B-RR % CQI #9 /& 3 742

[ Start NRRS Round

Have DL UE
info?

Have Data
DL Retx in
buffer?

Pair UE for
DL Tx

Pair UE for
DL Retx

Add Data DL Retx to
slot and clean HARQ L 2

DL record

Next Round

6 : NRRS #4742 E
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—fx #7 B-RR 0978 A2 aR Ui % 2 A A 433845 3 CPU ¢y Time Quantum
893t 5 3k (Fataniya & Patel 2018) - {2 & &4 178485 L H L4 F B T T4
5% » By vA e Time Quantum #935x KAE & A Bl T - i 5> B-RR € 28T A F k4
#—18 UE » 34242 h o918 3% &% CQI %k % 0 UE Shi AT EAHEsh - TABF R
S H MR K R BLsLFE 0 A NOMA #9 UE e ¥t 7 XA @ 9 R 25 a g
KRR R ZEY 0 B TZHEKDE BT REETA R SRR S LR
HHE - B T EAHMEBEIRSET R Z£09 UE @7 EHRW > ATAKST
NRRS 1& CQI %k 4-%1 UE #4975 % > #£4% 1 NOMA ¢4 UE B ¥t 5 X R4B 4% F R
yEAE o AR AR AR B BT EREBE RIBF Cell 2£4E - RITAREE
HAAE R R R AR ETRRESF > R EMALF T NRRS A# B R F 4
Fo:

1. mmWave 22 #4% /Al B-RR - [ #% UE 71 %k -

2. mmWave Z#%4% Al NRRS - #1 /A CQI 14 UE & A {fdmay E#t o 16 40 > 3

2 NOMA ¢4 UE Fe#t fuk o

= ~ NRRS 34278 B33

A5 B 6 NRRS 34E 742 B A 3% 3T NRRS ik » R E b2 B4 T

Algorithm NRRS (){

Input:

#define addDataDIInfoToDIFlow procedure
#define addDIlInfoToDIFlow procedure

#define std::vector < DIDatalnfo > dataD1Buffer
#define std::map < Rnti, CqiValue > Cqi

Output: To add DL info to total DL buffer size

Method:

BEGIN({

if (dataD1Buffer.size() !=0) {
addDataDlInfoToDIFlow();

H

for (iter = Cqi.begin(); iter != Cqi.end(); iter++ ) { // Pair UE for DL Retx
//and add DL info to DL Flow
uint8_t itCqi = iter->second;
if (itCqi!=0) {
addDlInfoToDIFlow();
}
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Procedure addDataDIlInfoToDIFlow(){ //Add Data into DL flow
for ( iter = DataDlInfo.begin(); iter != DataDlInfo.end(); iter++ ) {
uint8_t itCqi = iter->second;
if (itCqi!=0) {
DIFlow.append(iter);

}
}
Procedure addDIInfoToDIFlow(){
std::vector <uint16_t>rnti_0; // Initialize variables for CQI 0
// Initialize variables for CQI 1
// Initialize variables for CQI 2
// Initialize variables for CQI 3
// Initialize variables for CQI 4
// Initialize variables for CQI 5
// Initialize variables for CQI 6
// Initialize variables for CQI 7
// Initialize variables for CQI 8
// Initialize variables for CQI 9
// Initialize variables for CQI 10
// Initialize variables for CQI 11
// Initialize variables for CQI 12
// Initialize variables for CQI 13
// Initialize variables for CQI 14
// Initialize variables for CQI 15

std::vector <uint16_t>rti_1;
std::vector <uint16_t>nti_2;
std::vector <uint16_t>rnti_3;
std::vector <uint16_t>nti_4;
std::vector <uint16_t>rnti_5;
std::vector <uint16_t>rnti_6;
std::vector <uint16_t>rnti_7,
std::vector <uint16_t>nti_8;
std::vector <uint16_t>rnti_9;
std::vector <uint16_t>rnti_10;
std::vector <uint16_t>mti_11;
std::vector <uint16_t>rnti_12;
std::vector <uint16_t>nti_13;
std::vector <uint16_t>rnti_14;
std::vector <uint16_t>nti_15;

for (itRlcBuf = m_rlcBufferReq.begin(); itRlcBuf |= m_rlcBufferReq.end(); itRlcBuf++) {

itUelnfo = uelnfo.find(itRlcBuf->m_rnti);

//Inject variables with DL data

std::map<uint16_t, uint8_t>::iterator itCqi = m_wbCqiRxed.find(itRlcBuf->m_mnti);

uint8_t cqi = 0;
if (itCqi != m_wbCqiRxed.end()) {

cqi = itCqi->second;

if(cqi == 0){
rnti_0.push_back(itRIcBuf->m_rnti);

telse if(cqi == 1){
rti_1.push_back(itRIcBuf->m_rnti);

telse if(cqi == 2){
rnti_2.push_back(itRIcBuf->m_rnti);

telse if(cqi == 3){
rti_3.push_back(itRIcBuf->m_rnti);

else if(cqi == 4){
rnti_4.push_back(itRIcBuf->m_rnti);

}else if(cqi == 5){
rti_5.push_back(itRIcBuf->m_rnti);

else if(cqi == 6){
rnti_6.push_back(itRIcBuf->m_rnti);

telse if(cqi == 7){
rnti_7.push_back(itRIcBuf->m_rnti);

}else if(cqi == 8){
rnti_8.push_back(itRIcBuf->m_rnti);

//Inject rnti_0 variables with DL data

//Inject rnti_1 variables with DL data

//Inject rnti_2 variables with DL data

//Inject rnti_3 variables with DL data

//Inject rnti_4 variables with DL data

//Inject rnti_5 variables with DL data

//Inject rnti_6 variables with DL data

//Inject rnti_7 variables with DL data

//Inject rnti_8 variables with DL data
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uintl6 tx=0;

telse if(cqi == 9){
mti_9.push_back(itRIcBuf->m_rnti);
}else if(cqi == 10){
mti_10.push_back(itRIcBuf->m_rnti);
telse if(cqi == 11){
mti_11.push_back(itRlcBuf->m_rmnti);
}else if(cqi == 12){
mti_12.push_back(itRIcBuf->m_rnti);
}else if(cqi == 13){
mti_13.push_back(itRIcBuf->m_rnti);
}else if(cqi == 14){
mti_14.push_back(itRIcBuf->m_rnti);
}else if(cqi == 15){
mti_15.push_back(itRIcBuf->m_rnti);
}
NS_LOG_UNCOND("test DL_New_Data_cqi

for (int i = 0; (unsigned)i < rnti_15.size(); i++) { //Pair 15and 0
itUelnfo = uelnfo.find(rti_15[i]);
DIFlow.append(itUelnfo);

X++;

5

if((x%9) == 0){

itUelnfo = uelnfo.find(rnti_0[i]);
DIFlow.append(itUelnfo);

1
!

x=0;

for (int i = 0; (unsigned)i < rnti_14.size(); i++) {  // Pair 14 and 1
itUelnfo = uelnfo.find(mti_14[i]);
DIFlow.append(itUelnfo);

X++;

5

if(x%9) == 0){

itUelnfo = uelnfo.find(rnti_1[i]);
DIFlow.append(itUelnfo);

1
!

x=0;

for (int i = 0; (unsigned)i < rnti_13.size(); i++) { //Pair 13 and 2
itUelnfo = uelnfo.find(rti_13[i]);
DIFlow.append(itUelnfo);

X++;

5

if((x%9) == 0){

itUelnfo = uelnfo.find(rti_2[i]);
DIFlow.append(itUelnfo);

//Inject rnti_9 variables with DL data

//Inject rnti_10 variables with DL data

//Inject rnti_11 variables with DL data

//Inject rnti_12 variables with DL data

//Inject rnti_13 variables with DL data

//Inject rnti_14 variables with DL data

//nject rnti_15 variables with DL data

" << static_cast<int> (cqi));




368

x=0;
for (int i = 0; (unsigned)i < rnti_12.size(); i++) { //Pair 12 and 3
itUelnfo = uelnfo.find(rti_12[i]);
DIFlow.append(itUelnfo);
X++;
if((x%9) == 0){
itUelnfo = uelnfo.find(rti_3[i]);
DIFlow.append(itUelnfo);

}
}
x=0;
for (int i = 0; (unsigned)i < rnti_11.size(); i++) {  // Pair 11 and 4
itUelnfo = uelnfo.find(rti_11[i]);
DIFlow.append(itUelnfo);
X+t
if((x%9) == 0){
itUelnfo = uelnfo.find(rti_4[i]);
DIFlow.append(itUelnfo);

}
}
x=0;
for (int i = 0; (unsigned)i < rnti_10.size(); i++) { //Pair 10 and 5
itUelnfo = uelnfo.find(rnti_10[i]);
DIFlow.append(itUelnfo);
X++;
if((x%9) == 0){
itUelnfo = uelnfo.find(rti_5[i]);
DIFlow.append(itUelnfo);

}
}
x=0;
for (int i = 0; (unsigned)i < rnti_9.size(); i++) { // Pair 9 and 6
itUelnfo = uelnfo.find(rti_9[i]);
DIFlow.append(itUelnfo);
X++;
if((x%9) == 0){
itUelnfo = uelnfo.find(rnti_6[i]);
DIFlow.append(itUelnfo);

}
}
x=0;
for (int i = 0; (unsigned)i < rnti_8.size(); i++) {  // Pair 8 and 7
itUelnfo = uelnfo.find(rti_8[i]);
DIFlow.append(itUelnfo);
X++;
if((x%9) == 0){
itUelnfo = uelnfo.find(rti_7[i]);
DIFlow.append(itUelnfo);
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END NRRS

B BBIEE i F s AR
—  BRREREERTRI AR

A B R IRIR S A 5 S AR 1S3 AT IS BLAE  ns3
#9524 S A7) Linux a9 8478 Ubuntu b %4 ns-3 8 B eg Rk F 3 > AR
AutRi#ER Ubuntu & TR EX AL RZANERANRESERAET A
(Eclipse) 4 CHHRL A ns-3 ALK A SG mmWave BEHEA2 & B A i 415 2 -
10 K 47 B B SR 45 1l 438 4 AT AT 0 ns-3 H: K %4k A Python A2 X35 S A+
BRI 60 1036 A BRI 407 By B+ JL5h + 5G mmWave o) eliede X W #E B
it kAT - T A 40 A Python 4 48 & A A HALEAL 47 B
W o LSRR R R T T AR BUR R SRR L E o
K2Pw 0 A3 BIRABBETRIL -

RLC

MAC | NRRS Scheduler

PHY

mmWave

ns-3.27

Ubuntu 16.04

Hardware

T HIRRARE R SRR E

k2 BRI ARIREREERE R

PR R ok 52 RAE
CPU Intel® Core™ 17-8750H Processor (9M Cache, up to 4.10 GHz)
Memory 16 GB or above
Virtual Memory 128 GB or above
Disk 150 GB or above
Operation System Ubuntu 16.04
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k3 EETRIALRA

BHRTR TR BREBRTALRYN
153,27 MReHEBEIR S GCHHR R FHERS - TANAE 44

IR AT Sh I A B A SRR -

Eclipse Oxygen

FANBFEHRESAMER R S aRAEEACHEAY
HIfE - B E T ABP RO A B TRAEHCHHE AR
B e

BRAEFANEZXET  AALEN AR WASEEAE 7T

Python 3.5 ] . .
ython SUHe ik T2 A W47 SUF T 0 A B PRIE K MY Loghh %
Microsoft Excel B EESRTHALATHEER A

=~ FASE AR RAEEAZ 5303

FARIE - RAVHIRE 4 AL HIEIE (KPIs) do Cell 7638 Rk
T FRHE R A AR AR R TRR S BB R 4 P - i
S B AL Kb 3 — KR F AT L KR R e AT R
SR B R HGRRE B FHHRE R -

&4 MBI AN

BE & 23545 (KPIs)

oA B

Cellst #2 (Cell Latency)

RLCE H ey B SR AT E EA - ILHF AL RAT

5 2 5, & (Throughput)

RLCAE # FH# G/ BT R EE - BT AR R

FERE-E 2
(DL Data Failure Ratio)

8 AFDLFFHEM ISR 2 TS R SRR IRET H
b L E e A RIS A L

W R EE R

(Data Failure Retransmission)

EHHESEmAE T EERE - Lh8AaBAY

K T 2E = NRRS & B iE4515 %8 5G mmWave 4834 22 42 X 42 89 B-RR 7
%o 3t KoY B-RR F @A H B B BT IR ML 547 » NRRS Z %3142 F-4n [F 8 BT

= AT

1. 3% 3t NRRS % H ik
2. 4] Bl NRRS 14 2 5G mmWave 4§ B-RR Z % & NOMA # UE Bt o4t
3. BATRIRIT R R TR A AR H A -
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4. 5% NRRS #9835 © b3k NRRS §2 B-RR 43
5. & 4 KPlIs $4 # @ WAL ATE T - AAEBATEAREE R 47 ©

% NRRS;% B %

A4

#] A NRRS14 &%5G
mmWave#) B-RR

A\ 4

PATARRE R U R T8
EA 0T

v

4 NRRS 8 45 3

A\ 4

& 4 KPIs# 5 it 4 AR
b o471 B

8 : NRRS F &2 5 [

12~ BT RERE T
— B RRBIER T

£ A7~ 5G mmWave 178 443 AL # B % @ A Ubuntu 16.04 Lk 4T 5G
mmWave £2 X 7% > LB TR T/ T —AEEAREREL T ¢

1. R4 49 B-RR » kit 47 UE Fe#f -

2. % B4% 49 NRRS » # 47 UE Fe ¥t -

¥4t NRRS Fo /&8 A 2 B-RR X Hk42 7 % » 4 57> UE 8% 10 18 ~ 20 18 ~ 50 18
Fo 100 1B B F@ATEBAIR 0 £ & A FUT RS T RATIFR Z#R Cell 2
B RIAT  AAERER TR ERAMT 4 EHMEHIEE (KPIs)
T AE o Cell 23 3+ 5 77 & oy L8R 3K 15 30 8k 09 22 18 BF M) w4844 1R A Cell 42
¥ REARESE 7 X T BRI A KO ITA TITARE MK Cell 4
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BE28 F_t+7E F=H

B AR B E AT TR TR RS PR 1R R Bay ] - A
BREAMNETERRTAHLERERAKERR VAR AT RIEH - CBHHEET
B Al Rikided 9 B 10 B 11 foE 12 BFF -
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5]
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Q
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=
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Number of UE

10 : 22 48% (Throughput)
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Data Failure Ratio

Number of UE

11 : F#H4%3% % (Data Failure Ratio )

Data Failure Retransmission

Number of UE

12 : &4t F 1%k # (Data Failure Retransmission )

=~ BRFBEERE

ARk X ATt oY) NRRS ik o e & #0A 3Ky Cell 22 %47 3 NRRS 1t
B-RR #4F » HEE3% UE 8B 6938 he » ik vy Cell :£& €488% - R B-RR £ R
UE # B A5 F » Cell £ #R b #25 o NRRS HEAZ 77 ik 04 5% 72 45 & B 4R bk 2 K0y
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7 > NRRS ¢4 & FHashstn &bt B-RR & 0 205 7T AAHEMERE b EHGE
1T EAHERERRE > A — 18w 4 BT ARSI T R L= & k1%
TOER AR B E B A RT A TR MG FE o K02 > BB IR
0 E R R EIE A &k & (Improving Ratio; IR ) 287 f 42 47 B 48 7% B FHE 35
% % E NRRS #9323t B-RR $4F » A EB&ER T4k 5 T »

%5 KPIsP % % £ 2 4

(a) Cellz£ & (Cell Latency )

KPIs Cell Latency (ms)

UEs NRRS B-RR IR
10UEs 0.434 0.601 27%
20UEs 0.454 0.511 11%
50UEs 0.483 0.572 15%
100UEs 0.524 0.609 13%

(b) &2 i £ (Throughput)

KPIs Throughput (Mbps)

UEs NRRS B-RR IR
10UEs 8418 8253 2%
20UEs 13250 10537 26%
50UEs 11593 9262 25%
100UEs 10186 8912 14%

(c) F 44535 (Data Failure Ratio )

KPIs Data Failure Ratio (%)

UEs NRRS B-RR IR
10UEs 3% 22% 19%
20UEs 15% 39% 24%
S0UEs 37% 70% 33%
100UEs 68% 84% 16%
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(d) F#L453:%£ @ = g (Data Failure Retransmission )

KPIs Data Failure Retransmission
UEs NRRS B-RR IR
10UEs 149577 209586 28%
20UEs 256111 314379 18%
S50UEs 552523 660195 16%
100UEs 1457699 1880785 22%

A X 4t# SG mmWave 7 A 45 B-RR 472 R 42 h NRRS ik o A 4
B-RR 7 5G #4934 /R o BB € & Ee 2] CQI 1A 1~ 77 /£ o) B A v j& 32 UE B3 | 2%+t
W ET ARG B %R UE BHHEaMmiF ey 438 4 R4 o do RENTAEA K
VY uasE RAEHE 0 BT 5G mmWave 7894855 F R o BARSRAEAL - Rk B
AP I & 69 NRRS 7% - % CQI #4& 1F £ sl 7 B AT(Z 501080 - 304 e )
CQI # % e B EATE 501 - FE ki ) Cell 28 ~ RSEILA T - BFIKEHE
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AR H KL T B 45 RIL WS4 23548 (KPIs) Ba= Cell 3£k 5 3] T /%
27% > 11% ~ 15% ~ 13%89 805+ RIBAEE 5 51 THEAF 2% » 26% ~ 25% » 14%#9 2
& AR E S RIT IR 19% ~ 24% ~ 33% ~ 16% 09 K& - W E AR FE MK
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