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Introduction
-—

» 5G mobile communication will be the beginning of a full
scale Internet of Everything.
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Qntroduction

» 5G Vision: A Unifying Connectivity Fabric
5G KPIs 5G Scenarios

1000x data 50/500 B
volume devices

EMBB

Enhanced Mobile Broadband

1000x
higher mobile higher number of m MTC
data volumes connected devices massive Machine Type Communication

Up to 10Gbps | Few ms E2E

1 [ URLLC
1N (1 Ultra-Reliable

MP IEP Low latency Communications
[N0AE; IS OO

10x
longer battery life

typical end-user

lower latency :
data rates for low-power devices
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Introduction

» Enhanced Mobile Broadband

Ushering in the next era of immersive experiences and hyper-connectivity

3D/UHD vid

” "_s"l

P 7'-. )
3_.’!"
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~1 .

Ry
Demanding conditions (venues) Broadband to the home

e <%
- - . .
i ' % .

Extreme throughput | Ultra-low latency | Uniform experience
multi-gigabits per second down to 1ms e2e latency with much more capacity
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Qntroduction

» Massive Machine Type Communications

Optimizing to connect anything, anywhere with efficient, low cost communications

{0 ,.\ gy

) B — - Ny é@J VA
Wearables Object tracking
Power efficient Low complexity Long range
Multi-year battery life Low device and network cost Deep coverage
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Introduction
—

» Ultra-reliable, ultra-low latency communication
Enabling new Mission-critical Control Services

e

=

MEDICAL

LG
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Medical

fEHsgin

Industrial automation

High reliability Ultra-low latency High availability

Extremely low loss rate Down to 1ms e2e latency Multiple links for failure tolerance & mobility
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Introduction

» 5G Meets Big Data

d
pon oo By e mmn PR o

P . Lo
’ Communications \

RESEARCH.IG
EXAMPLES
PETABYTES
\~ DATABASES ’/
---—---——> *‘—"’“‘ l'; ‘—————---___—
O] q i1 o 1 O
SAN

NEEDED HLNDREDS“ msvrzs
HAN()

Wireless Mobile Communication and Transmission Laboratory (WMCT) 8/53



Introduction

» Characteristics of Wireless Big Data

Global mobi Ie data traffic from 2016 to 2021
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Introduction

> Future Network Architecture
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Introduction
.

» Channel analysis The WirelessChannel o
700 |
» Modeling - L Gt
* Identification s00 [~ 5 . /
E 400 |5 A ‘__//7 : |
» Resource management [ /UG
« Accurate resource allocation 2o~ (g O S
. 100 |~ -
» Scalable network capacity optimization 0; SERT
100' 200 300 400 500 600 700
» Wireless caching e
« Automatic popular content detection
* Social network analysis i
eqe . o 14
» User mobility pattern analysis Froo/ il -
280 3
» Spatial-temporal distribution 850 --.:.4685
£ o L8 K
« Location prediction @ v e R e &
L. Multicast é é %\ Distance (km) 14 46
» Frequently pattern mining e Ak U Service area delimit s Recorded path
e v « Mobile phone tower =+ Preferred position :7: g ~4 km
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Introduction
-—

» Key components in wireless big data analysis
» Clustering

Machine Learning
e K-Means, DBSCAN
» Association analysis

~k -8
IR
Input Feature extraction
* Apriori

> Classification

e Decision tree, CART
» Link mining
Classification Output * Pagerank
: » Statistical learning
Deep Learning
. - EM,SVM
> Bagging and Boost o % e
L4 AdaB OO St Input Feature extraction + Classiﬁcat; Output

Market data

Product sales
Service tickets
GPS datais:

Messaging
contracts i
Rroduct sales: Mobile devices

POS data

CNN, RNN, LSTM, GCN

Images

Clickstream
Transaction daia Sogr'ql,m?,d!?
Service tickets videssWeb logsgz
~Market data Call'center logs?
S Audio s
Supply ¢hain data \/Ideos ™
Structured Data Sources and Unstructured Data Sources
» Cloud computing
» Faster transmission rate
» Higher network capacity
» Stronger robustness

Hadoop, Spark, Storm

SDN, NFV, Network slicing
» Fog computing

Wireless Mobile Communication and Transmission Laboratory (WMCT)

12/53



Introduction
.

» Machine Learning

[ Unknown target ] MaChlne ?

function f: x--->vy

. LEar ' |
(ideal formula) n , n s N
| 8

Learning

algorithm
A

Training examples
D: (XI,YI)a R (XND YN)

Final hypothesis
g~1

(learned formula to be used)

(set of candidate formula)
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Introduction

» Deep Learning

. BN
vision
ResNet o 'i?
Make machine like human being - NLP FESEr FEC ~N
S
v
GoogleNet
1969 LeNet \ ZF Net VGGNet
N ~  R-CNN
&é < \\ ‘\Q'
&9 1998 N
2 Q A %
SQO S & & RelU n '
Y/ < ~ U sT™ <
L AQ \ AlexNet
~ L S \\ Dropout
CNN J
Xavier \
1943 1986 2006 N
Data
driven
MCP model Backpropagation Deep belief network

Wireless Mobile Communication and Transmission Laboratory (WMCT) 14/53



Introduction
.

> Applications

Classification Retrieval

| et e
y -e., .'\

motor scooter

mite

black widow
cockroach amphibian
tick fireboat
starfish drilling platform ||

musnroom
agaric

' mushroom spl
jelly fungus
beach wagon gill fungus shire bullterrier

fire engine | dead-man's-fingers currant howler monkey | |'s &

[Krizhevsky 2012]
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Introduction
-—

> Applications

Image Captioning

Somewhat related to the image

*,-,."'1 J, o S & =
person riding a dogs play in the grass.

Two
motorcycle on a dirt road.

A group Two hockey players are fighting
playing a game of frisbee.

 Alittle girl in a pink h
over the puck. blowing bubbles.

at is

A refrigerator filled with lots of

food and drinks. = froct s omecro

A4 = CAUTIONARY OBJECT
B = sTanonasy ossECT
[ « wovinG oguecT
T = TAMIAL OBECT

A herd of elephants walking A close up of a cat laying A red motorcycle parked on the A yellow school bus parked in
across a dry grass field. on a couch. side of the road. a parking lot.

[Vinyals et al., 2015]
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Introduction

Machine Learning in wireless

communication
Supervised learning Unsupervised learning Reinforcement learning
Regression model, KNN, Clustering algorithm, MDP, POMDP, Q-learning,
SVM, Bayesian learning PCA, ICA multi-armed bandit
» channel identification » MTC devices clustering » decision making under
» traffic prediction » small cell clustering unknown network conditions
» massive MIMO channel » device-to-device user » energy modeling in energy
estimation/detection clustering; harvesting
» user location/behavior » HetNet clustering » HetNet selection/association
learning/classification » Signal dimension reduction

Wireless Mobile Communication and Transmission Laboratory (WMCT) 17/53
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Case 1: CNN based Wireless Channel Identification

>

3V of Wireless Channel Data

Big Data Wireless Channel Data

Volume — 32 Gbyte (massive MIMO:?Z X 56
antennas,100 MHz bandwidth)

vary as frequencies, bandwidths and

Variety —~ momssssssss)  cnarios.

discovering new phenomenon,
extracting new channel characteristics,

Value — supporting the accurate modeling of radio
wave propagation etc.

Wireless channel data analysis with big data technology
will support the study of all aspects of wireless channel

Wireless Mobile Communication and Transmission Laboratory (WMCT) 19/53



Case 1: CNN based Wireless Channel Identification
.

» Why we do channel identification?

e Reflection
e Diffraction
e Scattering

Receiver

iA. FREESPACE |
] 1
'B. REFLECTION !

DIFFRACTION

iD. SCATTERING |

e Solve the problems of multipath interference in process of
wireless communication

Decide which relevant wireless channel features should be used

http://www.ee.iitm.ac.in/~giri/pdfs/EE5141/Jakes-Simulation.pdf
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Case 1: CNN based Wireless Channel Identification

» Wireless channel data description

e The dataset consists of 50000 samples
e Each scenario contains 10000 samples
e Each entry in one example represents CIR(channel impulse response)
e Sampling 2 points per half wavelength

LoS(line of sight)

Scenarios

Data format

NLoS(none line of sight)

Scenarios

Data format

InH(Indoor hotspot) A2

[2, 2,19, 60]

UMi(urban micro) Bl

[2,2, 16, 60]

InH(Indoor hotspot) A2

[2, 2, 23, 60]

SMa(suburban macro) C1

[2, 2, 19, 60]

UMi(urban micro) B1

[2, 2, 23, 60]

SMa(suburban macro) C1

[2, 2,18, 60]

UMa(urban macro) C2

[2, 2, 16, 60]

RMa(Rural macro) D1

[2, 2, 14, 60]

UMa(urban macro) C2

[2, 2, 24, 60]

RMa(Rural macro) D1

[2, 2,14, 60]

Wireless Mobile Communication and Transmission Laboratory (WMCT)
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Case 1: CNN based Wireless Channel Identification

» Wireless channel data description

> Number of transmitting antennas
Number of receiving antennas

| Clusters of multi-path

[2, 2, 1|9, 60} Number of samples

v

v

val(:,:,1,1) = val(:,:,2,1) =
0.2855 + 0.1234i -0.0894 - 0.2485i -0.1081 + 0.2683i 0.3160 - 0.0893i
-0.1368 + 0.3137i 0.2789 - 0.0944i -0.2489 - 0.0640i 0.1154 + 0.2746i
Val(:,:,l,Z) = Val(:l:lzlz) =
0.3295 + 0.0248i -0.1754 - 0.2220i 0.0063 + 0.2719i 0.2434 - 0.1956:i
-0.0301 + 0.3537i 0.2453 - 0.1843i -0.2345 + 0.0382i 0.2011 + 0.1936i

Wireless Mobile Communication and Transmission Laboratory (WMCT) 22/53



Case 1: CNN based Wireless Channel Identification

» Wireless channel data description

Unify the input size Change the data type
* Fixed size: 4560(76*60, LoS), e Use the modulus to replace
5760(96*60, NLos) the complex number

Create the label and split the data

one-hot coding, label mapping
InH(Indoor hotspot) A2 [1, 0,0, 0, 0]

Total data : 50000

UMi(urban micro) B1 [0,1,0,0,0] shufﬂel split

SMa(suburban macro) C1 | [0, 0, 1, 0, O]

e — [0,0,0,1, 0] Training set: 80% of the total data
RMa(Rural macro) D1 [0,0,0,0, 1] Test set:  20% of the total data

Wireless Mobile Communication and Transmission Laboratory (WMCT) 23/53



\Case 1: CNN based Wireless Channel Identification

» Data visualization(LoS)
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Ca

Case 1: CNN based Wireless Channel Identification
.

» Data visualization(NLoS)
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Case 1: CNN based Wireless Channel Identification

» Experimental Results

Input Training configuration
Conv3-32 e Batch size: 64
Maxpool e Optimization algorithm: Adam
Conv3-64 e Total iterations: 20000
Maxpool e Dropout: training(0.5), testing(1)
e Batch normalization: used in Conv layer
Conv3-64
. Results
Fc-1024 Training accuracy 1
soft-max Testing accuracy 1
Robustness of the model accuracy 0.9856

e Test other 2000 scenarios’ samples(each scenario contains 400)

Wireless Mobile Communication and Transmission Laboratory (WMCT) 26/53
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Case 2: Clustering based Transmission-efficient MTC
| s_ ustering bas smission-efficie

» Massive machine type communications (mMTC)

servers

Serving
gateway

MTC application dag

Large number of nodes, e.g. up to
300000 devices in a single cell.

e Small packets / Low user data rates

e Uplink-dominated transmissions.

* Mixed traffic models with period
and event-driven traffic.

* Low complexity and battery
constrained MTC devices.

Wireless Mobile Communication and Transmission Laboratory (WMCT) 28/53
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Case 2: Clustering based Transmission-efficient MT "'%

» Why Clustering

i  alleviate access congestion

 improve transmission efficiency

- * prolong the lifetime of networks
e

MTC devices / - o
Intra-cluster transmission

Wireless Mobile Communication and Transmission Laboratory (WMCT) 29/53



Case 2. Clustering based Transmission-efficient MT

)
ONG NS

» Clustering of Machine Nodes
Machine nodes are grouped into clusters. Each cluster has a
leader, namely cluster head (CH).
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* Which machine nodes can be grouped as a cluster?
e Which machine node can be cluster head in each cluster?
* How to reduce the number of transmissions and the energy consumption?

Wireless Mobile Communication and Transmission Laboratory (WMCT) 30/53



Case 2: Clustering based Transmission-efficient M T
. TS

> Traditional Methods

9 ) |
LEACH MAC design
and its variations In cellular-based
iIn WSN M2M networks

* Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol.
 Random access channel (RACH) in LTE-A

Cons:

» Using single hop in cluster, not applicable to large scale networks

» Might lead to large number of clusters

» Few discussion on optimal CH selection and optimal number of
clusters

» Focus on Energy-efficiency and collision avoidance, seldom on
transmission-efficiency

Wireless Mobile Communication and Transmission Laboratory (WMCT) 31/53



Case 2: Clustering based Transmission-efficient MT é,

» System Model

MMTC can make use of LTE-M as its backbone network. The system
consists of one eNB and N machine nodes for data collection.

* Multi-hop networks

e Uniformly and independently
distributed

* Fixed transmission power and rate.

* Nodes are grouped into clusters.

7t
N,

\!
\R17
N7/
- 3 E - ie&-‘.
£/
L N2 /

Fig. A multi-hop network in an regular field, where the machine nodes form 4 clusters.
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Gase 2: Clustering based Transmission-efficient MTC: ‘

> Two Levels of Transmission

e Intra-cluster transmission:
Within a cluster, nodes transmit data to the CH directly to save energy.
e Inter-cluster transmission:
A backbone tree spanning all CHs is constructed to transmit data to the eNB using
compressive sensing (CS).

eNB
Level 1 Level 2 (o) .
L A T yi=2¢yxj
7’ N Jj=l1
/ \ ;
/ E ﬂ % 71N
/ / \ E
I \ S 2
| H\\¢,—n ' Z_l:gé,j J I
./ a
\ B /
; o /F \ \
\ /
\ . J . /7 B g B ...... B
ST d.X, P.x X
4 i | 12572 i3"73
Intra-cluster: direct transmissions Inter-cluster: multi-hop transmissions with CS
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Gase 2: Clustering based Transmission-efficient MT

)
ONG NS

» Compressive Sensing for Big Data Transmission

Compressive sensing (CS) can reduce the volume of data transmissions.

Assume x is k-sparse in the ¥ domain.

X=Ys
y=Ox
e

Then:

S

Fig. Data collection with CS in Inter-cluster transmission.

Wireless Mobile Communication and Transmission Laboratory (WMCT)
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of projections matrix collecte
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Gase 2: Clustering based Transmission-efficient MT

» Clustering based Transmission-efficient Scheme

[ = e e 1
. I | Select initial cluster heads | ! .
Given a Network . . [ Transmit data
* and divide the machine »
G=<V,E> . from CHs to eNB
I nodes into C clusters. :
I
l ]
oo 'l Elect newclusterhead |' ' . .
: I I Compressive
' ¥ | sensin
| :
v o : Construct a backbone I A g __________
T GH2Z e .
SRR | tree that links all CHs to | |
| the eNB ]
| e |
Clustering
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Case 2: Clustering based Transmission-efficient MTC

» Experimental Results (1/4)

the impact of number of clusters (500 nodes)
3600 T T T T

mmfe == Propoesd Cluster Method
4 =gl == Hierarchically Cluster Method
‘ K-median Cluster method
3400 +
\
\

3200 . .
" ‘\ I * For a clustering method, there is
S ” o= - .
ool _ P always an optimal number of
g A L7 clusters that minimizes the data
5 ) D R . A B T .
570K, S P J SR e transmissions.
2 \\ Ao /

4 7 > /.
2600 g R Bl VNPT g
5\ /
2400 - @
2 S 5 5 7 : T

number of clusters
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Case 2: Clustering based Transmission-efficient MTC

» Experimental Results (2/4)

The number of transmissions

16000 T T T T T T T )

14000 7/
12000 | 7’

10000 |- 7

8000

o
o
.
"
s
2
.
-
.
.
.
.
.

- ——

I"
.
*
ot
.
.
.
.
*
*

»®
a¥
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L L L 1 1 1 1
400 500 600 700 800 900 1000 1100 1200

The number of nodes

% >
‘J'
£ =
NI

)
NG un

—#—Kmedian clustering with CS
-+« SPT with CS

SPT without CS
=4 =clustering without CS
-+ =hierarchical clustering with CS
-+ =Proposed clustering with CS

For fixed number of clusters, the
number of transmissions rises as
the number of machine nodes
increases.
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Case 2: Clustering based Transmission-efficient MTC

» Experimental Results (3/4)

16000

=%+ SPT with CS
om0l =& =SPT without CS
Proposed clustering without CS
12000} ] - =Proposed clustering with CS
8 PN
é 10000 -7 .
5| g
§ 8000 - - -
= AT
FGEJ —_— ,D’ T e e
I o e e Compressive sensing can
000 e reduce the number of
e transmission dramatically.
400 500 600 700 800 900 1000 1100 1200

The number of nodes
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Case 2. Clustering based Transmission-efficient MT C

» Experimental Results (4/4)

8000 -
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o
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o

The number of transmissions
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1 1 J
1000 1100 1200

=@ «SPT with CS
-+ =Hierarchical clustering with CS
-+ =Proposed clustering with CS

Clustering can improve the
performance considerably.
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- Case 3: DenseNet for Wireless Traffic Prediction
.

» Why wireless traffic prediction?

It plays a very important role in the future communication networks!

QUALITY

Improve network

management:
Dynamic network congestion
control

Reduce OPEX:

Accurate radio resource
purchase

Enhance energy
efficiency:
Intelligent BS ON-OFF
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Case 3: DenseNet for Wireless Traffic Prediction

» Traditional Methods

« Traffic prediction is essentially a time series analysis problem.

« ARIMA model (Autoregressive Integrated Moving Average)
o The evolving variable of interest 1s regressed on its own lagged values.

o The regression error 1s a linear combination of error terms.

A A
Xt = ()51)(;_1 R Oéprt_pl + &4+ 916,5_1 mmEE R Qqé}g_q

square id: 5525

X Can only capture the linearity of
the data

X The spatial information of other
cells is not considered

X Works only for stationary data set

0.0
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Gase 3: DenseNet for Wireless Traffic Prediction

> Real traffic distribution

30000 4
20000 4

10000

Spatially uneven

10000

0

125000

100000
= SMS
— CALL
50000 A —— INTERNET

\ 200 400 600 800 /Auo

2013-11-01 00:00 2013-11-08 00:00

Temporally periodicity

75000 1

Wireless Mobile Communication and Transmission Laboratory (WMCT) 43/53



Case 3: DenseNet for Wireless Traffic Prediction
="

» Real traffic distribution
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» Traffic data is image-like

» Temporal info.
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How to perform traffic prediction taking the spatial and temporal information

into account collectivel

Spatial info.~«
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_Case 3: DenseNet for Wireless Traffic Prediction

» Network Architecture ST-DenseNet
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Case 3: DenseNet for Wireless Traffic Prediction

» Experimental Results

Evaluation metric:

Parameter settings

Parameter Value | Note

Epochs 100 How many times we trained on the data

Learning rate | 0.005 | Learning rate of optimizer

Dropout 0.2 Drop a specific percent of connections between two layers
Filters 4 Number of feature maps

Growth rate 4 How many feature maps we add after one layer

Closeness size | 3 Short term dependent

Period size 3 Middle term dependent

Trend size 1 Long term dependent

Wireless Mobile Communication and Transmission Laboratory (WMCT)
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- Case 3: DenseNet for Wireless Traffic Prediction

N

» Experimental Results

« To prevent over fitting, two measures are adopted in our scheme: early

stopping and regularization

HA ARIMA

CNN
Methods

ResNet Proposed
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Case 3: DenseNet for Wireless Traffic Prediction

» Experimental Results: hyper-parameters (number of layers and
number feature maps)
« To a certain degree, the deeper the model, the better the performance

« But too complex models will overfit the data and increase RMSE
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RMSE

Case 3: DenseNet for Wireless Traffic Prediction

» Experimental Results: hyper-parameters (short, middle and
long term dependency)

« All three factors are beneficial to improve the prediction

« They have different impacts on the performance

T T T
—O— Train —G—T
—O—Test | | 351 + Te t

34 r
1 33r

RMSE

closeness size

period size
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- Conclusion
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