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Where to start from? 

ÅTons of Plenary Talks and Overview Articles  

- Fulfilling dream of ubiquitous wireless connectivity  

 

ÅExpectation: Many Metrics Should Be Improved in 5G  

- Higher user data rates  

- Higher area throughput  

- Great scalability in number of connected devices  

- Higher reliability and lower latency  

- Better coverage with more uniform user rates  

- Improved energy efficiency  
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20 Advanced Mathematical Tools for Engineering 

 
Ç Discipline of Random Matrix Theory  

Ç Discipline of Free Probability Theory  

Ç Discipline of Stochastic Geometry  

Ç Discipline of Discrete Mathematics  

Ç Discipline  of Statistics  

Ç Discipline  of Game Theory  

Ç Discipline of Mean Field Theory  

Ç Discipline of Information Theory  

Ç Discipline of Signal Processing  

Ç Discipline of Queuing Theory  

Ç Discipline  of Estimation Theory  

Ç Discipline of Decision theory  

Ç Discipline of Probability Theory  

Ç Discipline of Optimization Theory  

Ç Discipline of Statistical Mechanics  

Ç Discipline of Factor Graphs  

Ç Discipline of Control Theory  

Ç Discipline of Learning theory  

Ç Discipline on Partial Differential Equations Theory  

Ç Discipline of Optimal Transport Theory  
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1948: Cybernetics and Theory of 

Communications  

ω έ! Mathematical ¢ƘŜƻǊȅ ƻŦ /ƻƳƳǳƴƛŎŀǘƛƻƴέΣ .Ŝƭƭ {ȅǎǘŜƳ Technical 
Journal, 1948, C. E. Shannon 

ω έCybernetics, or Control and Communication in the Animal and the 
aŀŎƘƛƴŜέΣ IŜǊƳŀƴ Ŝǘ /ƛŜκ¢ƘŜ Technology Press, 1948, N. Wiener  
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 60 years later..the network paradigmé 

We must learn and control the black box 

 

ω within a fraction of time 

ω with ŬƴƛǘŜ energy. 
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Basics  

2̀ 

X 

P 

Y 

C1 = log(1+P/̀2) 
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Basics  

2̀ 

X(1) 

2̀ 

P/2 

X(2) 

P/2 

Y(1) Y(2) 

C2
(1) = log(1+P/2̀2) 

C2
(2) = log(1+P/2̀2) 

C2 = C2
(1) + C2

(2) = 2log(1+P/2̀2) 

X = X(1) + X(2) 



HUAWEI TECHNOLOGIES CO., LTD. Huawei Proprietary - Restricted Distribution Page 8 

Slide title :32-35pt   

Color: R153 G0 B0 

Corporate Font : 

FrutigerNext LT Medium 

Font to be used by customers and  

partners :  

Arial 

 

 

 

Slide text :20-22pt 

Bullets level 2-5: 

 18pt   

Color:Black 

Corporate Font : 

FrutigerNext LT Medium 

Font to be used by customers and  

partners :  

Arial 

Top right  corner  

for   field-mark, 

customer or 

partner logotypes.  

 

----------------    

 
The following 

nine groups of 

colors are an 

example of how 

our design colors 

can be used, 

please take note 

that you should 

only use one 

design color 

group per slide.  

 For specific 

usage details, 

refer to the 

ñTypesetting 

Standardò. 

C1 and C2, which is better? 

                           C1 = log(1+P/ů2)      v.s.    C2 = 2log(1+P/2ů2) 

ω Lesson learned: 

ςHigh SNR regime 

ςNo need for transmit and receive cooperation 
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Nature 

a 

b c 

d 

X(1) 

P/2 

X(2) 

P/2 

Y(1) = a X(1) + c X(2)  

Y(2) = b X(1) + d X(2) 
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X(1) 

P/2 

X(2) 

P/2 

Receiver cooperation  

Y(1) = h 1 X
(1) Y(2) = h 2 X

(2) 
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Transmitter cooperation 

a 

b c 

d 

X(1) 

P/2 

X(2) 

P/2 

Y(1) = a X(1) + c X(2)  

Y(2) = b X(1) + d X(2) 
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Transmitter cooperation 

f1(X
(1), X(2),a,b,c,d) f2(X

(1), X(2),a,b,c,d) 

P/2 P/2 

Y(1) = h 1 X
(1) Y(2) = h 2 X

(2) 
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ά²Ŝ ōǳƛƭŘ ǘƻƻ Ƴŀƴȅ ǿŀƭƭǎ ŀƴŘ ƴƻǘ ŜƴƻǳƎƘ ōǊƛŘƎŜǎΦέ 
Isaac Newton 
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ωFor large SNR, the sum rate scales as Rsum ~ M log SNR with perfect 
channel state information at Tx and Rx (CSIT/R) 
ωThe capacity is achieved by a combination of MMSE beamforming and 

interference pre-cancelation encoding, Dirty-paper coding 
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ÅRecent results show that a naive ZF with training and analog/digital 

feedback can indeed achieve the full multiplexing.  

ÅThe number of feedback bits should scale as log(SNR). 
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Our Goal: Self-Learning Base 

Station 

f1(X
(1), X(2),a,b) 

a 

b 

Y(1) = a X(1) + c X(2)  

Y(2) = b X(1) + d X(2) 
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Our Goal: Self-Learning Base 

Station 

f1(X
(1), X(2),a,b) f2(X

(1), X(2),c,d) 

a 

b c 

d 

Y(1) = a X(1) + c X(2)  

Y(2) = b X(1) + d X(2) 

Y(1) = h 1 X
(1)  

Y(2) = h 2 X
(2) 
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Shannonôs Small Self-Learning Mouse 
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Where to start from? 

ÅTons of Plenary Talks and Overview Articles  

- Fulfilling dream of ubiquitous wireless connectivity  

 

ÅExpectation: Many Metrics Should Be Improved in 5G  

- Higher user data rates  

- Higher area throughput  

- Great scalability in number of connected devices  

- Higher reliability and lower latency  

- Better coverage with more uniform user rates  

- Improved energy efficiency  

 

ÅThese are Conflicting Metrics!  

-  Higher user data rate  
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The clean slate approach 
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What if we are only interested in the average throughput per UT? 
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How to optimally deploy your antennas? 
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What if we are only interested in the average throughput per UT? 
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What if we are only interested in the average throughput per UT? 
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What if we are only interested in the average throughput per UT? 
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What if we are only interested in the average throughput per UT? 
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What if we are only interested in the average throughput per UT? 


