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Women's Pole Vault World Record Progression

5.0

Highest: 5.07m
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46}

4.4} Significant jump

World Record Height (meters)
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wireless network

15" GENERATION

wireless network
* Basic voice service * Designed for voice

* Analog-based
protocols

* Improved coverage
and capacity

* First digital
standards (GSM,
CDMA)
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3% GENERATION
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with some data
consideration
(multimedia, text,
internef)

® First mobile

broadband

2,000+

46

4™ GENERATION

wireless network

* Designed primarily

for data

* IP-based protocols
(LTE)

* True mobile

broadband

100,000

EEER: HEN—REB—
RIEWBIEZR, B (bit
per second, EViEEFD)

L




e FTEEERR “ER, BE, BE"

16

15" GENERATION
wireless network
* Basic voice service

* Analog-based
protocols

:
6

2'° GENERATION

wireless network

* Designed for voice
* Improved coverage

and capacity

* First digital

standards (GSM,
CDMA)

36

3% GENERATION

wireless network

* Designed for voice

with some data
consideration
(multimedia, text,
internef)

* First mobile

broadband

46

4™ GENERATION

wireless network

* Designed primarily

for data

* IP-based protocols
(LTE)

* True mobile

broadband

5

EEER: HEN—REB—
RIEWBIEZR, B (bit
per second, EViEEFD)

in kilobits per second

2,000

100,000

L

(EiEEERRIRIG?




e FTEEERR “ER, BE, BE"

BRBIR EFEREE) BHIREREE LHITEER
EErIEieRKIERIESR,
EEHTRRES | THEREENSE:

P/W
o)

C= W -log2<1+

\”J

Bandwidth

= C: (S BBE (BE(sbit per second) , W: HE

19165E4 5300 —2001525 245 (BAfTHZ) , P: (S22, No: IBEIE -



e ELLIBEPR “HIR, BHi5, 88"

sSSP RIEFIID

Noise
o /O
signal W o ror
Transmission

o BRI RBIULIG/IMUEmIIETREIR, NMESEEERINIEML,
o AILUBIFFERIRISH HRIDOEAZIERBR (Shannon limit)



e FTEEERR “ER, BE, BE"

BkiEZE (Sphere Packing)
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Error Correcting Codes and Approaching the Shannon Limit
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TDD frame structure

Uplink pilots Downlink data

FDD frame structure

Downlink Uplink CSI

pilots feedback Downlink data

Massive MIMO

O Traditional channel estimation and channel feedback impose an excessive
overhead on radio resources.
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Channel

_ sounding Channel Estimation Optimization Transmission
Pilots ———> measurements =——— (S| —— strategy

DD
FDD ﬂ Optimization
CSl feedback

Quantization/
Dequantization
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Channel o
sounding Channel Estimation Optimization Transmission

Pllots ——> measurements ——— (S| —— strategy

TDD

FDD ﬁ Optimization
CSl feedback

Quantization/
Dequantization

Pilots ——> CSI

= Objective: Reduce pilot length
= Enabling technique: Al super-
resolution
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Channel
sounding Channel Estimation Optimization Transmission

Pllots ———> measurements ——— (S| ':> strategy

ﬂ Optimization
~ CSl feedback

Quantization/
Dequantization

Pilots ———) CSI CSI ——=> CSlI feedback
= Objective: Reduce pilot length = Objective: Reduce feedback bits
= Enabling technique: Al super- = Enabling technique: Auto-encoder
resolution
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0000000
[ Jol Jel je]
0000000
Ce0eOeo
Q000000
[ Jo] Jel jef ]
0000000
o] Jol lel le
0000000
[ Jol Jel Jef

OFDM Symbols (time)

(frequency)

Subcarriers

Fregumncy (Mrts,

Transmission
Pilots CSli Strategy

O Current endeavors in integrating Al into the physical layer are grounded in
conventional paradigms, i.e., pilot-based designs.

U Can location information be leveraged to reduce the dependence on pilot?
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Chrrved pun in 05

Transmission
CSI

\ Location ) strategy

U The connection between location and CSI has already been demonstrated through
CSl-fingerprint based localization [1].

[1] Wang, X., Gao, L., Mao, S., & Pandey, S. (2016). CSl-based fingerprinting for indoor localization: A deep learning approach. IEEE

Transactions on Vehicular Technology, 66(1), 763-776. EEEE
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i Transmission
Location CSI strategy

U The connection between location and CSI has already been demonstrated through
CSl-fingerprint based localization [1].

U How to exploit location information and wireless big data to further reduce training
overhead?

[1] Wang, X., Gao, L., Mao, S., & Pandey, S. (2016). CSl-based fingerprinting for indoor localization: A deep learning approach. IEEE
Transactions on Vehicular Technology, 66(1), 763-776.



=== Radio Map for MIMO-OFDM

Deep Learning-based Radio Map

@ CSI sampling point (training)

. BS/AP
() CSI sampling point (test) © ® O [ ] ® ®
[] ve BS/AP ) ) BS/AP ~, ) '
. . — — .
< BS/AP L . | L o] . .
— ~
© © e ~~ € € ¢

o o O [ ¢ 0 L) ) @ D ® [ ] @ ©
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Radio Map: Given the data set of <location, CSI>, radio map establishes the mapping
between user location and the optimal transmission scheme, through extracting the
temporal, frequency, and spatial features of CSI.




e System Model

Subcarrier Dataset:
Subcarrier MIMO-0OFDM Location-CSlI tuples: < p(z), HY >
Subcarrier FrasSin Input:
JiarSie .
— OFDM symbol Location: p
pd
yREUR OFDM symbol
e OFDM symbol Precoding F(z) _ [f(l,l); - f(l,.fc)7 . f(l,K)]
Antenna vectors: Lk Lk Lk
I N

Improve the spectral efficiency of MIMO-OFDM communications with merely the
location information.
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Data Source 1: Measured Channel Data

x +45° polarized
—45° polarized

16 24
7 15 ng ix
Xhﬁ Lo X
27/N10 8><26 Sx

29 5
L XXX L X
Tx dual polarized Rx dual polarized
antenna array antenna array

Rx/Tx array structure

-

Parameters about CSI:

Carrier frequency: xxx GHz

PN sequence length: 511

Dual polarized UPA and ULA
Samples per location: 80

OO0 00Do

CIR is transformed into CFR
according OFDM parameters

Bandwidth of PN sequence: 320 MHz
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Data Source 2: Raytracing Softwares

U Matlab raytracing toolbox, DeepMIMO, and Wireless InSite.

BBEra

= 4\ MathWorks® =

Matlab ray tracing
propagation model

OpenStreetMap

o Use OpenStreetMap to model real-world radio propagation environment;

o Apply Matlab ray tracing propagation model to obtain the CSI with location labels.
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Scenario 2:
Two BSs x Single UE

Scenario 1:
Single BS x Single UE

-

Scalability

Scenario 3:
Two BSs x Two UEs




mmm= Scenario 1: Single BS Single UE

Two Baseline Schemes

Baseline 1: The non-codebook-based structure with CSI prediction

4 N
) )
a:(l) 42
Y
Yo
¢
N J

ANN

- R
) i)
=N R P N
[H(I,K)]} " S";/DD v [f(,zK)]}

N J

Dominant Eigenmode Transmission

Step 1. The DNN generates CSI estimate according to the location;
Step 2. Apply dominant eigenmode transmission (DET) according to the estimated CSI H!**)




mmm= Scenario 1: Single BS Single UE

Two Baseline Schemes

Baseline 1: The non-codebook-based structure with CSI prediction

RX

0@
O DNN DET el
ey, — * ——> ¢

location CSlI precoding matrix

Step 1. The DNN generates CSI estimate according to the location;

Step 2. Apply dominant eigenmode transmission (DET) according to the estimated CSI H!**)
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Two Baseline Schemes

Baseline 2: The codebook-based structure with throughput prediction

™
( Pre-defined Codebook: V = {vy,vi, -, vy} } 4
I,
R(H( lj’v(]] Sub-carrier 1
} RHD v) £ = argmaxvmeVR(H(t‘l),vm)

R(H(Lljsv(}]

R(H(Ll) » V1 )
: Sub-carrier k
Flbk) = argmaxvmevR(H”‘k), Vin)

R(H(Lk), VO)
0P | REHOM,v))

o> REHOY v

(2, y® 1) .:{)
R(H“‘k)a V1) (L ) | Sub-carrier K
: R(H™ ’V|V|)J fFLE) — argmaxvmevR(H“’K),vm]
RMHOK) vy,
\ o
ANN Codeword Selection

Step 1. Predefine a codebook;
Step 2. The DNN generates the codeword-wise throughput prediction;
Step 3. Codeword selection. 1]
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Two Baseline Schemes

Baseline 2: The codebook-based structure with throughput prediction

4 A
g/
- @ o e
_—
R codeword
i 3@§§ ; selection
t T 4 :
0 H%H%xgﬁg
33503020550
h0ssesesssissssel
&:: :%:2%::—”
. location codeword-wise throughput precoding matrix )

Step 1. Predefine a codebook;
Step 2. The DNN generates the codeword-wise throughput prediction;
Step 3. Codeword selection. EEEE
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