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URLLC(Ultra-Reliable and Low-Latency Communications)
~ eMBB(Enhanced Mobile Broadband) ~ MloT(Massive Internet of Things) ~ V2X
(\Vehicle-to-Everything) ~HMTC(High Performance Machine-Type Communications)-

AL HAEATRR * oty P A% 3 URLLC ~ eMBB ~ MIOT #5471 % & chm 4 4§
JRIFE (T A5 0 § ﬁi:;] RT3 7 16 78 Sofic g B TR PRl g R
£ i%:iF tensorflow = = — B ANN(Artificial Neural Network) en$ic 3] » #5033 =
ts #-3] mﬁ-%] ) ’% gERNRY R EVIBRRY VA AT RETRRES

V¥R A FE S A T o

M 4& 3 I URLLC(UItra-Reliable and Low-Latency Communications)~MIoT(Massive

Internet of Things) ~eMBB(Enhanced Mobile Broadband) ~tensorflow ~ ANN(Artificial
Neural Network)
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Abstract

With the booming development of wireless communications, the current 5G era with
large bandwidth, high transmission, and high scalability and the future 6G era have
made people more and more dependent on the use of wireless communication
networks, which not only improve the network speed and bandwidth compared to
4G-LTE, but of course, only these evolutions cannot show the power of 5G-NR.
Although 5G-NR has significantly improved the network speed, bandwidth, and
number of connected devices compared to 4G-LTE, the network resources are still
limited, so network slicing is created in 5G networks. What is network slicing? The
main function of network slicing is to partition the resources of wireless network by
virtualization, and according to 3GPP, five slicing services are proposed in TS 28.541:
URLLC (Ultra-Reliable and Low-Latency Communications)

According to 3GPP in TS 28.541, five slicing services are proposed: URLLC
(Ultra-Reliable and Low-Latency Communications), eMBB (Enhanced Mobile
Broadband), MIoT (Massive Internet of Things), V2X (Vehicle-to-Everything), and
HMTC (High Performance Machine-Type Communications).

The slicing categories used in this project are URLLC, eMBB, and MIoT. These three
categories are used to classify the required wireless network services. After the model
is trained, the output layer of the model will select which type of network slice is
suitable for the application, and finally, the data will be verified and compared to do

the correctness analysis.

Keyword : URLLC(Ultra-Reliable and Low-Latency Communications)

MIloT(Massive Internet of Things) ~ eMBB(Enhanced Mobile Broadband) ~
tensorflow ~ ANN(Artificial Neural Network)
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PoALipEarig ok cnE oo B iFK @ % Microsoft 7 B 3¢ < Fast and lightweight
AutoML (FLAML) % 0+ FAL B8 T BE ¥ 2 3 o

Bt 52 @ * FLAML iﬁ.%a’ir‘f :

1. ““%&—3 S

K >~ FLAML &7 python & <3< &~ § & & * python3.7 > I $73% CMD i% i
python © % e & pip ki 7% K> & Kdp 4 407 o

% python3.7 rz + pip install flaml

2. @ %= [l

JE_flam shF 422 ¢ import AutoML 3 5% 0 &9 Ren7 A F i fit()is B
SEANIEFIEEaN Rt S TP RN I U ER R S-S
EALE Y A LRS- B LVI R BB R R ST
e7900 =x -

from flaml import AutoML
_automl = AutoML()
_automl.fit(x_train,y_train,task = "classification”,time_budget=908)

22 Rgr TR

% 5G . ¢ UE i% i NSSAI(Network Slice Selection Assistance Information)
® 1 S-NSSAI(Single Network Slice Selection Assistance Information)i% i& N2 4 &
% 5G % ik ¢ & AMF(Access and Mobility Management Function) % i& {7 3 i,
5 ey d] > iz Function 1 & £ 4§ 12 2 3r4) UE chdg » f2oo R s i 0 @
p o A 3GPP ¥ S-NSSAI & & e#icie # 3 7 eMBB~URLLC~MIoT~V2X~-HMTC
A 12 4 2[2]7 g P& NSSAl ¥ ¢ 2 7 3F % «hS-NSSAI & % SNSSAI ¥
3 8 7~ SST 2 24 =7~ SD » SST £ *7 7 45 %| SD R E_H#-4F i e SST &
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NSSAI [EI octet 1
Length of NSSAI contents octet 2
S-NSSAI value 1 octet 3
octet m

S-NSSAI value 2 octet m + 1
octet n

octetn + 1
octet u

S-NSSAI value n octetu + 1
octet v

# 1.NSSAIl ¢ e+ 2%

SST SD

8 bits 24 bits

A
v

S-NSSAI
# 2.S-NSSAIl ¥ i~ %

2.3 gNB %} AMF g 38 :

4o (R L[B]4 7 25 7 gNB 548 N2 4 & 7 11538 § 4 $£3% slice &b
AMF> ¥ UE %6 gNB 4% 2-3 chislice Bl # ¢ 45514 I P& £ 4% 2-3+4 0 AMF -

AMF
A1 a2
Nz~
_~Selected
- AMF
QNB -,‘_H.‘. {2‘ 3‘ &)
Required . Ry
S-MSSAl e AMF
lists: 2,3 (1,3,4)

B 1.gNB %8 N2 /i & £ # 3§ & UE 9 AMF
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3.1 BT dataset:

BRSSP AP T JRDI MR P AR EARE P F 0 BB B
P?ﬁﬁﬁ@ﬁﬁﬁ?ﬂ%ﬂﬂaﬁ1%*&%”?%5Gﬁ%@*m%ﬁ’ﬁ
WEE B B RN T RS B R B e BRI SO0 mﬁa?] 4> @ LTE/NR ~
Time ~ Packet Loss Rate ~ Packet delay % i+ % i&=% 2 S mﬂl%l » - rmeph § 4o
% 3[4]

LTE/5g Category : LTE/5g #f &| AR/VR/Gaming : AR/VR/#% %
(Yes: 1No:0)

Time: pFR&F (A 2k 12:00p.m. % 0 i% | Healthcare: =2 R (Yes:1

pLEgdeo ik 24 ) PES] ex: 8t 9:00 | No: 0)

w ¥WcF 21)

Packet Loss Rate : 3¢ :# 2 (A 4z | Industry4.0: 1 # 4.0 (Yes:1

T3t e RBSF e R iK) No: 0)

Packet delay : #+# z£¥#&(ms) (4c3] | loT Devices: # B %% (Yes:1

& PR No: 0)

loT: & F 54 8% (Yes: 1 Public Safety : =~ % % > (Yes:1

No: 0) No: 0)

LTE/SG: LTE & 5G(LTE:O Smart City & Home : A7 E =7 & o

5G:1) fi= (Yes: 1 No:0)

GBR: 7 %3 bit Rate (Yes: 1 Smart Transportation : £ % i

No: 0) (Yes: 1 No: 0)

Non-GBR :iZ 7 iz bit Rate (Yes: | Smartphone : 4 & 4] + 4 (Yes:1

1 No: 0) No: 0)

slice Type: *» #* # %] (eMBB:1mMTC: 2 URLLC : 3)

3R P
ﬁ%iﬁ?ﬁﬁﬁﬁiﬁﬁhf“ﬁm@t’ﬂWﬂuﬁwﬁ%@;1@@
Xtrain $#2 1 i Y_train o
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4.1 A#IFH:

% 1§ Google 7 # ¢ Tensorflow £ i+ ki = - B Sequential Modle > = # 7
&_i¢ * Sequential Modle *2?:1 & §_F] 5 s §_H ﬂiﬂ ~ H ﬂiﬂ N AR E (AR 20 e
dodk F &S @] PN @] ki pr il fﬁ)]* k2 & 1% i Functional APl % 2& = #i-7)] » SE'
= EﬂijE’*] R 14 B S8cis il reshape 5 N R e X B @‘J Ko @‘ V& B
3 i $-4c— %+ 1516 reshape ch= e ]y AL

Sequential Modle

) &9

Single Input and Output Modle

‘ Input Unit O Hidden Unit Output Unit

D Input Layer Hidden Layer Output Layer

] 2. Multi Input and Output Modle

4.2 M BAR

HET A gunde B 30 #-datad »~ inputX fe inputY I i * g
BerSIEHRR D4t 0 L RFTAHE 70%4 5 Training data f- 20% <5
Validation data 10% ¢ Testing data 2 { #-3" 5 & < ~ Sequential Modle p »
¢ Modle + 3 14 Kﬁi;ﬁ;? Bir2 BrEsk & 3 B4 kﬁiﬁﬁj Koo b
S AR R A S0 Bis B IR l‘* BRI WA e A B {8 4t Validation data
AR R T AT S 0 B ISP R ki £ 15 4B Testing data i (TR Y
,sg] b,;fF] 1E &0 Hc B o
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Optimizer
H Update
Input X Weights and Bins
Dataset
H . J Metrics
Function

Valcation & Testing cata

B 3. 31 U A

4.3 #A)2E *
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In [83]: # ZL—/Esequential ZZ&Fmodel
model3 = keras.Sequential(name='model3")
model3.add(layers.Dense(64, kernel_regularizer=keras.regularizers.12(0.001), kernel_initializer = 'uniform’,
lactivation="relu’, input_shape=(14,)))
model3.add(layers.Dropout(©.385))

model3.add(layers.Dense(32, kernel_regularizer=keras.regularizers.11(0.001), kernel_initializer = 'uniform’, activation='relu'))
model3.add(layers.Dropout(0.364))
model3.add(layers.Dense(3, kernel_initializer = ‘uniform', activation='softmax'))

Model: "model3"

Layer (type) Output Shape Param #
dense_36 (Dense) (None, 64) 960
dropout_24 (Dropout) (None, 64) [}
dense_37 (Dense) (None, 32) 2080
dropout_25 (Dropout) (None, 32) [}
dense_38 (Dense) (None, 3) 99

Total params: 3,139
Trainable params: 3,139
Non-trainable params: ©
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~E g * & R 1 (Normalization )f- Dropout ~ L1 ~ L2 & it K $F
FLR T RS LRI P hd & ALG TR BN AT nlicdy &gkl 3
SR G LR SN P G RS ST S
koM 50 WA AL EREE Y (Overfitting) ef* 48 » A & RE0 4 TR
Be Ak 3t * Dropout shd ik o Dropout sk 2 5 iiﬁﬁ#‘ﬁp -
i m‘g;@\@]%lﬂ{ B ooo» FIRfEL LR - Tt l}llm@ﬁ\%?fd
Normalization Dropout

Normalization

& #Dropout

T B P T EATR - I EE > B B E R Ry T
RN Ejﬁ‘: Jﬁ%ﬁfﬁ:mx; AR L 5 gt 3 2 R i overfitting P A 2 o
TR A S mlnw[Z|_1N(WTx|—y|)2+k lw | 1]
L2 * it eni & p e § R4 & il in 4 <-4 KPS HE R > A AL
PIBCA) 3 ik dg MAR > gt 2 02 ¢ 0wt i) overfitting s A 2 o

L2 & 14352 Sfic  minw[Yi=IN(wTxi-yi)2+All w lI5]

45 B EEHR:

B v %= % Crossentropy » € i * iz i i i B F] 4 %] & Crossentropy if &
Bk A B AT T > B e e e 3R Y S (4R 5 -
model.compile(keras.optimizers.Adam{), #ELZSH0.e015adam

loss=keras.losses.CategoricalCrossentropy(), #E=
metrics=[keras.metrics.CategoricalAccuracy()]) #35E

& Crossentropy

Buthon

B 5.Crossentropy python 2 ;% 75
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A

i #-F kL7 ¢ e Packet Loss Rate ~ Packet delay 2§ B~ ! % 2 » data_Packet

;K- data_ Packet N E BT A R4 B e

M data_Packet = data.loc[:, :'Packet delay']
data_Packet.head(10)

Packet Loss Rate Packet delay

0 0.000001 10
1 0001000 100
2 0.000001 300
3 0.010000 100
4 0.010000 50
5 0000001 10
6 0.010000 300
7 0001000 50
8 0001000 150
9 0.001000 150

H#-Faohe 7R Ak 2R 1 DataPacket %3 i S0 B mean(L 32 E) diF B {ofastd

(B L) 6 Gr i > Th £ AT DERE S DT -

mean = date Packet.mean()#F/S.mean() E57
std = dats_Packet.std() 27/5.std() O E -
normalization_data_Packet « (daota_Packet - mean) / std#iE

dota_Packet (2\E : (x BiE) s EeE)

normalization_dats Packet.head()

Packet Loss Rate Packet delay

0 0.705641 0979362
1 -0 478670 -0 132869
2 4708641 1748227
3 1.563144 0.132859
Rl 1593144 0603143

z teBdEjoin en? R RF R X AF R FTAREAN o HEEIoT R o

data.drop(['Packet Loss Rate', 'Packet delay’], axis="columns', inplace=True)
data = date.join(normalization_data_Packet)
data.head()

Smart

loT LTESG GBR z%?z ARVR/Gaming Healthcare '“""'{; DM";: g’g{: %{“t Tmn'mns:‘;’o": Smartphone ;;‘;: Lo.’:’;:f; P:z'l‘:y‘
0 1 o 0 1 0 0 0 0 1 0 0 0 3 -0708841 -0979362
10 11 0 1 0 0 0 0 0 0 0 1 0478570 -0132869
2 o 1 o 1 0 ] 0 0 o ) 0 1 1 .0708841 1748227
1 0 t 0 1 0 0 ) ) [) 0 0 1 1 1593144 -0 132869
4 1 0o 0 1 0 0 0 0 0 1 0 0 2 1553144 0803143
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#-slice type 0§ #13% B~ 41 k T & one hot encoding ?8 {5 #-& 4 4} keh=
B4 =4 % 6 & 5 eMBB ~ mMTC ~ URLLC * &5 7r 21 2 B % 4o o

| slice_one bot = pd.pet Iumu.—.- data[ ‘=lice Type'])
slice_one_hot.colusns = ["eMBE', "'wmMTL", "LRLLC" ]
slice_one_hot.head()

sMEH mMIC UBELLC
a -] 1

W R = @

')
L]
o
1

o o= oa =

1]
L%%ﬂmhmmmwmg%ﬁ@wutgﬁ?&dﬁﬁfﬁ%ajw%&dwﬁmw
type Al = T AT H B o

slice_df_one_hot slice_one_hot.astype( intdd’)

data df = data. jc-h slice df _one_hot)

date df.drop(’elic ype', exis~'columns’, inplace~True)
dote df head(

Smart ;

LTESG GBR fpt ARVRGaming Heaincare VY o7 ';‘;z:; o ,mwwm: Smartphcoe gy P:s:‘:; eMBB mMTC URLLC
Home o

> 0 1 [ ¢ 0 0 1 0 0 0 -07casé1 -0979362 o ) )
o1 0 ) 0 0 0 0 0478670 0.152868 1 0 o
R 0 ¢ 0 0 0 0 o 1 07case1 1743227 1 0 0
R T 0 ¢ v 0 0 0 v 1553144 -0.132069 ! v 0
0 1 0 ¢ 0 0 0 1 0 0 1553144 -0603943 ° 1 0

£ kE-F AL ~ x_train ~ y_train ~ x_val ~y_val » 2 & #-y train ~y_val i& 7
reshape((-1,3)) #-F 4L i& 7 B iF 8T o

x_train « rp.array(train ca'a Mop][ eMEE mTC' | 'URLLC'), axise‘columnz’)) 2@8Stratn dotalf A ESslice Type

3 win =rp. o r A Pochet lose Rabse'. *Packed Tor'. " 5 g R
_\_tra in « rp.arr

y_train « y trai

x_val = ap.array INLLE" ], axise Ve [P £ T

y_vel = np.arrsy

y_val = y val.re

&y_wal eng.array{normalizotion val_dora.drop(| ‘Focket Loss Rate', "Packet deloy', "ToT LTESSG’, "GBR MNan - GER ', 'AR/VR/Gawing

% L. reshape m*ﬂt&;"fr N R A S s (F1,3)R] g O
CREE(QA)FER E A - B ) s Sl (Q22FR RS- Bz ad
}lj«}(r—f g] o

reshape({-1,37)
arravi([1,2,3]

!.:I

313

reshape({? 477
arravi[1,2,3,4],[5,6,7,8])

2,2,2

21,0

1)
5,411.005.61,07.811)

reshape({
arravi[[1
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KRR - BT ERAE A S 5 2 L1 ol R0 2R s Sl s relu
MoF LR R TR S R g Ak T ok 20 15 | =032 17 droup out
6 Fle Ao Bcdp i & & A5 ARA ST ST Bcts - B el Slici® F enE

softmax o

dense mput | wmput: [ 1 | s .
one, 14 one, 14
InputLayer | output:

dense | mput: _
(None, 14) | (None, 64)
Denze | output:

dropout | mput: _ _
(None, 64) | (None, 64)
Dropout | output:

dense 1 | mput:
(None, 64) | (None, 32)
Dense | output:

dropout_1 | mput:
(None, 32) | (None, 32)
Dropout output:

denze 2 | mput:
(None, 32) | (None, 3)

Dense | oufput:
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HWET S ARl R A LS AR ek > ¥ - A4 F Fone hot
encoding fripcis ek (s - & 5 relu S %40T %

Mean square error Mean absolute error
it Maan squars Srmor e 7Micial\37b’sglurlg emor
) —— main ) Tain
waadation widation
g os
0s K 06
£ £
0l | % ba
02 L 02 l..w e el
oo e—— — S— 00 Mevbmatbbe I h s quag v v"-‘-)x"rd“ 'y
o i) 100 150 00 50 o 0 50 100 150 00 a0 00
epochs epochs
# |WARD

model - keras.models,load model('models/modell-1/Best-model-1.h5")

y_test = np.array(test_data[ 'slice Type'])

®IRECEE

test_data = (test_data - mean) / std

# i\ FET TNumpy 15X

x_test = np.array(test_data.drop{'slice Type', axls-'columns'))

=z FAEEN

y_pred = model.predict(x_test)

eshape(y_pred * std['slice Type'] + mean[‘slice Type'], y test.shape)
=

print( 1 Percentage Error: (:.2f}%¥ .format(percentage_error))

Model 1 Percentage Error: 9.48%

T o %% 5 slice type # one hot encoding > j#riE ikt - & 5 soft
max > &% 4T &

Mean square error Mean absolute error
Mean square error Mean absolute error
05 05
— train - frain
validation validation
04 04
03 , 03
8 E
02 g 02
01 01
00— T T v T T T 00— - T T T
0 S0 100 150 200 250 300 0 50 100 150 200 250 300
epochs epochs
In [81]:
model3 = keras.models.load model( 'modelsl/model3/Best-model3.h5")
x_test = np.array(test_data.loc[:, :'Packet delay'])
_test = np.array(test_data.loc[:, 'eMBB':])

loss,accuracy = model3.evaluate(x_test, y_test)
print("Model-1: {}%".format(accuracy))

198/198 [ ] - @s 516us/step - loss: ©.0052 - mean_absolute_error: ©.0048
Model-1: ©.004845454357564449%
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HiES B PR R G T g RG Foone hot encode - softmax
1% & &_Mean square error & Mean absolute error % & 1f 4 .’_ﬁ_;rs;rgrs«}; L g R T
Eooarud VR AGH S AR 2 iclie < /) T fsoftmax f- one hot encode

&
A

Bt AL R K Dropout $8 ¥ 12 xR F Y hR AL o
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