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Tutorial Outline/ScheduleTutorial Outline/Schedule

9:009:00--9:209:20 MultiuserMultiuser BasicsBasics CioffiCioffi
9:209:20--10:3010:30 Danish PhotosDanish Photos BarBar--NessNess
11:0011:00--12:30 12:30 Academic SongsAcademic Songs BarBar--NessNess
12:3012:30--2:00 2:00 lunchlunch
2:002:00--3:303:30 digital siestadigital siesta CioffiCioffi
4:004:00--5:105:10 eliminate gaseliminate gas CioffiCioffi
5:105:10--5:305:30 SummarySummary BarBar--NessNess
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Goal: Best PHY signals for user sharing of channelGoal: Best PHY signals for user sharing of channel
Set spectra/signals, optimization via controllerSet spectra/signals, optimization via controller

Multiuser Multiuser BasicsBasics

BaseBase
(DSLAM,(DSLAM,

MTXOMTXO ))

User 1User 1

User 2User 2

User LUser L

......

ControllerController
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Digital Subscriber Lines (DSL)Digital Subscriber Lines (DSL)

TwistedTwisted--pairs share a pairs share a ““cablecable””
Radiate despite twistingRadiate despite twisting
Crosstalk is severe Crosstalk is severe –– up to 50 wrapped togetherup to 50 wrapped together

MultiuserMultiuser situation where base is DSLAMsituation where base is DSLAM
Ethernet is another example (4 wires)Ethernet is another example (4 wires)

PhonePhone
Co=BaseCo=Base
(DSLAM)(DSLAM)

useruser

useruser

ControllerController
(net main center)(net main center)

NEXTNEXT

FEXTFEXT
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Wireless LANWireless LAN

Wireless fundamentally sharedWireless fundamentally shared
Crosstalk = coCrosstalk = co--channel interferencechannel interference

Base is control unitBase is control unit
3G wireless, T/CDMA are other examples3G wireless, T/CDMA are other examples

useruser

useruser

useruser

useruser

controlcontrol
basebase
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EthernetEthernet--like (VDSL)like (VDSL)

Up to 4 coordinated Up to 4 coordinated tpstps, cat 3 (EFM), cat 5 , cat 3 (EFM), cat 5 
(10,100, 1000 BT), cat7 (10GBT)(10,100, 1000 BT), cat7 (10GBT)
Vectored solutionVectored solution

NEXTNEXT

FEXTFEXT

controlcontrol

RouterRouter
PHY MUXPHY MUX

Bridge/cardBridge/card
PHY MUXPHY MUX

controlcontrol
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Digital Audio BroadcastingDigital Audio Broadcasting

ETSI, 1995.ETSI, 1995.
Replaces/augments analog FM radioReplaces/augments analog FM radio
““broadcastbroadcast”” problemproblem

controlcontrol
basebase

useruser

useruser

ZekeZeke

JohnJohn
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DAB coverage mapDAB coverage map

Source: Source: 
worldDAB.orgworldDAB.org
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Digital Video BroadcastingDigital Video Broadcasting

ETSI, 1997.ETSI, 1997.
Defines terrestrial, cable and satellite Defines terrestrial, cable and satellite 
digital television broadcasting.digital television broadcasting.

controlcontrol
basebase

useruser

useruser

ZEKEZEKE
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DVB adoptionDVB adoption

Source: DVB.orgSource: DVB.org
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Brief Brief MutlicarrierMutlicarrier Modulation ReviewModulation Review 
(single user)(single user)

DMT (wired)DMT (wired)
OFDMOFDM
vectoringvectoring
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MultitoneMultitone: DMT Loading Basics: DMT Loading Basics 
(SINGLE USER)(SINGLE USER)

FrequencyFrequency

AttenAtten

TWISTEDTWISTED--PAIRPAIR

Bits/Bits/chanchan

FrequencyFrequency

Bits/Bits/chanchan

FrequencyFrequency

FrequencyFrequency

AttenAtten

TWISTEDTWISTED--PAIR with TAP, AM/RF, and XTALKPAIR with TAP, AM/RF, and XTALK

AMAM

xtalkxtalk

Bits/Bits/chanchan

FrequencyFrequency FrequencyFrequency

Bits/Bits/chanchan

Optimum Optimum –– ““waterfillingwaterfilling capacitycapacity””
Highest data rate, Highest data rate, ““capacitycapacity””, for single user, for single user
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DMT UsesDMT Uses

ADSL (10 million lines)ADSL (10 million lines)
256 (4 kHz) carriers over 1.104 MHz256 (4 kHz) carriers over 1.104 MHz
Rates to 10 Mbps down /1 Mbps upRates to 10 Mbps down /1 Mbps up

EFM/VDSLEFM/VDSL
Up to 4096 (4 kHz) carriers over 17.6 MHzUp to 4096 (4 kHz) carriers over 17.6 MHz

Per line (up to 16384 carriers over 4 lines)Per line (up to 16384 carriers over 4 lines)
Rates to 100 Mbps symmetricRates to 100 Mbps symmetric

Advanced Ethernet (250 Mbps and up)Advanced Ethernet (250 Mbps and up)
Many wider carriersMany wider carriers
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OFDM OFDM –– no loading/codingno loading/coding

FrequencyFrequency

AttenAtten

Wireless with fade and narrowband interferenceWireless with fade and narrowband interference

Other userOther userBits/Bits/chanchan

FrequencyFrequency

code paritycode parity

FrequencyFrequency

Bits/Bits/chanchan

Bit optimization per tone not permitted or possibleBit optimization per tone not permitted or possible
Use code instead to offset loss of some of tonesUse code instead to offset loss of some of tones
Suboptimal with respect to DMT, but used in wireless Suboptimal with respect to DMT, but used in wireless 
where channel cannot be easily identified at where channel cannot be easily identified at 
transmittertransmitter
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OFDM Uses (wireless)OFDM Uses (wireless)
DAB to 2 MbpsDAB to 2 Mbps

192192--1,536 carriers, 1kHz1,536 carriers, 1kHz--8kHz wide each8kHz wide each
Wireless LAN (802.11a)Wireless LAN (802.11a)

48 carriers, 312.5 kHz wide each48 carriers, 312.5 kHz wide each
To 55 MbpsTo 55 Mbps

Wireless Broadband/DSL (802.16)Wireless Broadband/DSL (802.16)
Vectored OFDM Vectored OFDM –– in processin process

DVB to 40 MbpsDVB to 40 Mbps
1,705/6,817 1,705/6,817 subcarrierssubcarriers, 1 to 8 kHz wide, 1 to 8 kHz wide

4G wireless portable seems destined to use 4G wireless portable seems destined to use 
OFDMOFDM



16 MultiuserMultiuser WondersWonders

MultiuserMultiuser Rate REGIONSRate REGIONS

Plot of all possible rates of usersPlot of all possible rates of users
Any point in region is possible, but each with different Any point in region is possible, but each with different 
spectraspectra

Varies for each channelVaries for each channel

RRshortshort

RRlonglong

Spectral pair 1Spectral pair 1

Spectral pair 2Spectral pair 2
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The The ““DownDown”” problemproblem

Base to UsersBase to Users
““DownstreamDownstream”” in DSLin DSL
““DownlinkDownlink”” in wirelessin wireless

The The ““Broadcast ProblemBroadcast Problem”” in information theoryin information theory
Solved recentlySolved recently

Base Base cordination cordination levellevel
Spectra:  Spectra BalancingSpectra:  Spectra Balancing
Signals: VectoringSignals: Vectoring
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The The ““UpUp”” ProblemProblem

Users to BaseUsers to Base
““upstreamupstream”” in DSLin DSL
““uplinkuplink”” in wirelessin wireless

The The ““multiple access problemmultiple access problem”” in information in information 
theory theory 

Solved about 10 years agoSolved about 10 years ago
Base coordination levelBase coordination level

Spectral or none: Spectral or none: multiuser multiuser detector (MUD)detector (MUD)
Signal: vectoringSignal: vectoring
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Tutorial Outline/ScheduleTutorial Outline/Schedule

9:009:00--9:209:20 MultiuserMultiuser BasicsBasics CioffiCioffi
9:209:20--10:3010:30 MCMC--CDMA/MUDCDMA/MUD BarBar--NessNess
11:0011:00--12:30 12:30 MultirateMultirate wirelesswireless BarBar--NessNess
12:3012:30--2:00 2:00 lunchlunch
2:002:00--3:303:30 wireline wireline multiusermultiuser CioffiCioffi
4:004:00--5:105:10 DSL, Ethernet, VDMT CioffiDSL, Ethernet, VDMT Cioffi
5:155:15--5:305:30 SummarySummary BarBar--NessNess
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