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O Challenges fobG MobileNetworks

ITUInternational Telecommunicatiodnion) has sethallenging performance goals
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Areatraffic capacityis up to10 Tbpgkm?

This 1s100to 1000times as currentL TEA traffic volume




How to Provide 1000x More System Capacity?

Shannoni Hartley Channel Capacity theorem
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Bandwidth & Signal to Noise Ratio




More bandwidth/Higher spectralefficiency/More cells
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Deploy more (small) cell§hUltra Dense NetworKUDN Environment
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Inter cell interference becomes a big problem

When the number of BS increaséd® times,user throughput decreases ~5 times

Average SINR3.42 dB Average SINR5.41 dB
Average Throughput22.6Mbps 10x Average Throughputs.2Mbps

100 BSs/krA(20MHz, 23dBm) 1000 BSs/krfi(20MHz, 23dBm)
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We want: Throughput increases linearly with the number of BSs
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Current Techniquesolvinginter Cell Interference

C Usecoordination and communication between BSsachievetime-divisionor
frequency divisiortransmission.

Gl ICIInter-cell interferencecooardinatiof)
L Usefrequency division and adjust transmission power to @ R
avoidinter-cellinterference @ o
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b BSs use X2 interface to exchange UL/DL Resource Block

Scheduling information @@

Gl elClIGénhancedinter-cell interferenceccoardinatioh

b Usetime division (sudrame level) to avoid intecell
interference

b BSs use X2 interface to exchange ABS (Almost Blank
Subframe) Pattern Poocci |
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Requires strict time-synchronization
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No data are transmitted




Deficiency of ICIC &ICIC

C Low Radio Resourddtilization:More neighboring BSsnpliesthat more radio
resourceqtime or frequency division) should be reserved to avotdrference

C LooseCoordination:The interference coordination between BSs cannot réache
reaktime interference (Centralized SON: 15 sgcs

¢t2RI & Qa Sa0KKOT tighicdoniaiationldev&en BSs

causes performance to degrade as the network becomes denser




MIMO: transforms the

Interference signalnto a useful
"constructive wave" to enhance

the signal strength
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Network MIMO =MIMO +tight
coordination among different BSs
(by UDNserver)
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Tightly coordinateghe antennas of different BSto

eliminate interference between BSs
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1.All of BSs can transmit #hie sametime and same frequency Constructive Wave
to fully utilize the radiaesources Amplitude

2.A Network MIMOtechnology that transforms interference
into a "constructives | @S &

wlightly coordinated Intecells using a UDN server

ol hecell edge interference eliminated
oJDN performancdéinearlygrowswith the number of BSs.

3.Thedownlink channel statecan be obtainect millisecond
levelto reduce interference in real time
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e 4 Key Design Issues in Network MIMO

Issue 1Frequency& timing
synchronizationemong

cooperated BSs
Issue 3Channel A A
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Issue 1

Frequency & timing synchronization among cooperated BSs

Alf the frequency or timindgpetween base stations is néilly synchronized, Network
MIMO wouldnot successfully generateconstructivewave
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Source of frequency error

U  GPS drift: ~30 ppb
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