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Challenges for 5G Mobile Networks

ITU(International Telecommunication Union) has set challenging performance goals

Area traffic capacity is up to 10 Tbps/km2

This is 100to 1000 times as current LTE-A traffic volume
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How to Provide 1000x More System Capacity?

Bandwidth & Signal to Noise Ratio

ShannonïHartley Channel Capacity theorem
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More bandwidth/Higher spectral efficiency/More cells

Deploy more (small) cells  Ҧ Ultra Dense Network(UDN) Environment
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!ǎ aƻǊŜ /Ŝƭƭǎ ŀǊŜ .ǳƛƭǘ Χ

Average SINR: -5.41 dB
Average Throughput: 5.2Mbps

Average SINR: 3.42 dB
Average Throughput: 22.6Mbps

100 BSs/km2 (20MHz,  23dBm) 1000 BSs/km2 (20MHz,  23dBm)

10x

Inter cell interference becomes a big problem

We want: Throughput increases linearly with the number of BSs

When the number of BS increases 10 times, user throughput decreases ~5 times
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Current Techniquessolving Inter Cell Interference
ÇUse coordination and communication between BSsto achieve time-divisionor 

frequency division transmission. 

ABS Pattern Size

Ç FDD: 40ms

Ç TDD: 20/60/70 ms

Ç ICIC (Inter-cell interference coordination)

ҍ Use frequency division and adjust transmission power to  
avoid inter-cell interference 

ҍ BSs use X2 interface to exchange UL/DL Resource Block 
Scheduling information

Ç eICIC (enhanced Inter-cell interference coordination)

ҍ Use time division (sub-frame level) to avoid inter-cell 
interference

ҍ BSs use X2 interface to exchange ABS (Almost Blank 
Subframe) Pattern
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Deficiency of ICIC & eICIC

¢ƻŘŀȅΩǎ пD ƳŜŎƘŀƴƛǎƳǎΥ ǘƘŜLack of tightcoordinationbetween BSs 
causes performance to degrade as the network becomes denser
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ÇLow Radio Resource Utilization: More neighboring BSs  implies that more radio 
resources (time or frequency division) should be reserved to avoid interference

ÇLoose Coordination: The interference coordination between BSs cannot react to the 
real-time interference (Centralized SON: 15 secs.)



Network MIMO: a UDN Solution in the 5G era

MIMO: transforms the 
interference signal into a useful 
"constructive wave" to enhance 
the signal strength

Network MIMO = MIMO + tight 
coordination among different BSs 
(by UDNserver)
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1.All of BSs can transmit at the same time and same frequency 
to fully utilize the radio resources

2.A Network MIMO technology that transforms interference 
into a "constructive ǿŀǾŜά

ωTightly coordinated Inter-cells using a UDN server

ωThe cell edge interference is eliminated

ωUDN performance linearly grows with the number of BSs. 

3.Thedownlink  channel state can be obtained at millisecond 
level to reduce interference in real time

BS UE

Precoding Matrix Index(PMI)

PMI Reporting Period (ms)
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4 Key Design Issues in Network MIMO
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Issue 1: Frequency & timing 
synchronizationsamong 
cooperated BSs 
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Issue 2: DL channel 
state information 
collection 

Issue 3:Channel 
prediction to reduce .{ǎΩ 
communication 
overhead 

Issue 4:Rapid 
computation for 
interference 
cancellation



ÁIf the frequency or timing between base stations is not fully synchronized, Network 
MIMO would not successfully generate a constructive wave
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Issue 1
Frequency & timing synchronization among cooperated BSs 

Technology Frequency Accuracy

LTE-A ±50 ppb (wide area)
±100 ppb (local area)
±250 ppb (home)

Network MIMO < ±4 ppb 
Frequency 
synchronization 
technology

ppb as(10 -9)

Technology Time/Phase Accuracy

LTE-A ±1.5˃ s (cellǿƛǘƘ ǊŀŘƛǳǎ Җ о ƪƳ)
±р˃ǎ όŎŜƭƭ ǿƛǘƘ ǊŀŘƛǳǎ Ҕ о ƪƳύ

Network MIMO < ±0Φр˃s Timing 
synchronization 
technology

s˃ as (10 -6) sec

Source of frequency error
ü GPS drift: ~30 ppb

ü PLL drift at VCTCXO: ~30 ppb Č 10 ppb
ü Phase noise at RF board

Hardware 
parameter 

refining
5 ppb

Inter-eNB
CFO tracking

1 ppb
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