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1. 3GPP LTE MIMO Overview
11.LTE 7]%

1.1.1. b5 H< 7]<(Multiple Access Technology)
~LTE®] 3}&F= = (downlink)ll 4] = [OFDMA|(Orthogonal Frequency Division Multiple Access)E,
85 A (uplink)oll 41 = |SC-FDMA|(Single Carrier Frequency Division Multiple Access)E U%

3
A% A%z Agah

1.1.2. A% Y Z(Transmission Bandwidth)

~ A FA A el vheke kel k] fle] Y e E2 1.4MHzol A 20MHz7HA] A
Bste] Abgd 4= Qluh. BEeol A Sub-carrierite] AL 15kHzZ mAEO o}
MBMS(Multimedia Broadcast Multicast Service)2] 7d-9- Sub-carrier®] {+4-& 7.5kHz= &
A 7Hs 3tk Sub-carrier (A2 AE Y g Ha} BAQle] dAsIH e A7V]o AFE
Hol gy AN TS fEiA dAE g Ee wAsk= dial OFDM subcarrier2]

Mg WAsHA

Transmission bandwidth
[MHz] for LTE FDD

Mumber of sub-carriers 712 180 300 600 900 1200

14 3 5 10 15 20

Table 1. Number of sub-carriers for the different uplink and downlink transmission bandwidths

1.1.3. =&Y F+Z(Frame Structure)
~LTEo = F 7[A Zdld +Z%7F 2th Full-Duplex$} Half-Duplex FDDE €3+ ~# ¢ +
1(FS1)x} TDDE ¢lgF =& 72 2(FS2)7} S}, Full Duplex FDDE 9lgt Z¥d %

18 1o 9l
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One radio frame, T¢= 30720075 = 10 ms

} One slot, T, = 153607 = 0.5 ms :
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#0 #1 #2 HI e «| #18 #19

1
i One subframe |
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Figure 1. LTE frame structure type 1 (TS 36.211 V8.3.0)



FS12 3.84MHz UMTS A 2813} &Eet7|o H A st o] i) o] 2= 10712 1msZ o]
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A 10mse] dolE 77X 2 9t} FS12 3y A9} Ads] Ao physical signals?} channel
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1.1.4. Resource Block

% AES 98 AHeEE M Fe A-F95 &9 resource elementZlal E2 0,
+ o] sub-carrierell stuhe] symbol® Qo H Tt A<54 <21 sub-carrier®t symbol®] 1
2 Resource Block|s- @4 3t} Datat= 7} AHE-#loll Al RBE 7] @92 e
FS1¢] 4] CP(Cyclic Prefix)”} nominalgt Z o]l 79 RB= 15kHZS] sub-carrier®] 7+7 ol
12701¢] A%2 <1 sub-carrier 123 0.5ms A <] slotl ol 7702 A4 21 symbol o] ©] =
= AT F3HS AA S Schedulinge U] sub-frame(1ms)dHY 2 =3 v}
Nominal Cyclic Prefix$l 9o UE(AF&AF 7]17]) schedulingS {3l 71A| =5 AR&o] HAR
e E A 1 sub-frame(14 symbols)oll 1270¢] subcarriere]th. RBY A7) 2E o=
oM sdsttt. I A3} AHE 71’ physical RBE= 32014 Kol mpel fo] HF of
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Channel bandwidth
[MHz] for LTE FDD 14 3 > 10 15 20
Mumber of resource 6 15 o5 £0 75 100

blocks
Mumber of sub-carriers 12 180 300 600 800 1200

Table 2. Number of resource blocks (RB) and sub-carriers for the different uplink and downlink
transmizsion bandwidths

1.1.5. 3} £ AF A2 235 (Downlink physical layer channel¥} signals)
LTE air interface:= |physical signalsl¢} [physical channelZ -4l o] ¥ t}. Physical signal-s A

28 &7]|sk(system synchronization), 4 23 g2I(Cell identification), radio channel
estimation(z] g o 5)oll A}-8-%t}. Physical channel=> control, scheduling, user payloadE
35k do|HE AH¢ layero] 2 &3tth. Physical signalS %3] Q9w o] 9t} ahake o A
primary2} secondary synchronization signal->- cell identificationS encodedl*] 4] UE(YH)E
dAsta, WEYAS Frist Ad o dx=F dev s AFdHa EFdde
RS(Reference Signal)l7} it} o]& th& ZEFoAME pilote2 dHA Je Azoly, e

Aol A7)e 91749 flatnessE o3t $laliA ARE-ghot




physical signals]

DLsignals Full name Modulation sequence Purpose

P-8S Primary One of 3 Zadoff-Chu sequences Used for cell search and identification by the UE; carries
synchronization part of the cell ID (one of 3 orthogonal sequences)
signal

S-88 Secondary Two 31-bit BPSK M-sequence  Used for cell search and identification by the UE;
synchronization carries the remainder of the cell ID {one of 168 binary
signal sequences)

RS Reference Complex I+jQ pseudo random  Used for DL channel estimation; exact sequence
signal (pilot) sequence {length-31 Gold derived from cell ID, (one of 3 * 168 = 504 pseudo

sequence) derived from cell ID  random sequences)

UL signals  Full name Modulation sequence Purpose

DM-RS Demodulation u™ root Zadoff-Chu Used for synchronization to the UE and UL channel
reference signal estimation

S-RS Sounding Based on Zadoff-Chu Used to monitor propagation conditions with UE

reference signal

Table 3. LTE physical signals

physical channell

DL Full name Modulation Purpose

channels format

PBCH Physical broadcast ~ QPSK Carries cell-specific
channel information

PDCCH Physical downlink aPsk Scheduling, ACK/NACK

control channel
PDSCH Physical downlink aPsK, 160QAM, Payload

shared channel G40AM
PMCH Physical multicast aPSK, 160AM, Payload for multimedia
channel G40AM broadcast multicast
service (MBMS)
PCFICH Physical control aPSK Carries information about
format indicator the number of PDCCH
channel OFDMA symbols per

sub-frame (1, 2, or 3)
PHICH Physical hybrid ARQ  BPSK with | Carries the hybrid-ARQ

indicator channel &0CDM ACK/NAK
UL Modulation
channels Full name format Purpose
PRACH Physical random u™ root Call setup
access channel Zadoff-Chu
PUCCH Physical uplink On/0ff Keying  Scheduling, ACK/NACK
control channel BPSK,QPSK
PUSCH Physical uplink aPSK, 16 Payload
shared channel QAM, 64 QAM

Table 4. LTE physical channels



1.1.6. LTE 7|& Q.9

LTE at a glance

November 2004 LTE/ SAE Flexible channel bandwidths
High-level requirements Bandwidth MHz ~ Access mode
* Reduced cost per bit 14 FDD and TOD
= More lower-cost services with better user experience 3 FOD and TDD
* Flexible use of new and existing frequency bands b FDD and TOD
+ Simplified lower-cost network with open interfaces 10 FDD and TDD
* Heduced terminal complexity and reasonable power 15 FDD and TOD

consumption 20 FDD and TDD

Tha 1.6 MHz and 3.2 MHz TDD bandwidths have recently baen delated

Speed and the six remaining bandwidths apply to both FOD and TOD.

Downlink peak data rates (64QAM)
Antenna configuration SISO 22 MIMO  4x4 MIMO Mobility
Peak data rate (Mbps) 100 172.8 326.4 Optimized: 010 15 knv'h

Uplink peak data rates (single antenna) High Fer[ormance: 1510 120 km/h
Modulation depth OPSK  1B0AM  B40AM Functional: 120 to 350 km/h

Peak data rate (Mbps] 50 576 96.4 Under consideration: 350 1o 500 km/h

Services Spectral Efficiency Latency
Packet-switched voice and data. No circuit-switched 3-4x Hel-6 HSDPA {downlink) Idle to active < 100 ms
services supported. 2-3x Rel-6 HSUPA {uplink) Small packets < 5 ms

LTE 3}3% 39 max data throughput2 Modulation®] 64QAM< uj,
MIMOZ A& ¢ & 749 100Mbps, 2+2 MIMOE 283 79 172.8Mbpse©|t}.



1.2 MIMO
1.2.1. Spatial Multiplexing: Single user MIMO (SU-MIMO)

SU-MIMO

—
—’_f) = = (ata stream 1 -‘®,- ‘T X T‘ -‘®’- Q@_
O T j’ t _ &Y

= - ({ata stream 2
eNB 1 UE1

9] A= precodingS 3 2¢2 SU-MIMO©°]th. 5 data streame g 7o) 714 2+
S Aol xlth. (precoding) A7 A9 steame HYUSAL o= single-uer(HhY At
429l data rateE S7HA71H, cell?] capacityE S7FA17]+= ol & o] Atk § 2#2 SU-
MIMO+ eNB(evolved Node B: LTE 7]#]5)9] 3s}3Fs Ao W=A] 2 & wojof girh,

1.2.2. Multiple User MIMO (MU-MIMO)

—\r MU-MIMO
~——
- X \t v m— = data stream 1
@
R = ata stream 2
-EHE|-1 J/ e T UE2mm

Multiple User MIMO®| A& data stream©] T2 UE(User Equipment)oll Al o] ),
Cell capacitys Z7FE AW @A AF&219] data rates 5719 A &=t MU-MIMOE UE
o] e Aol Ht=A] A8 Eofof sh},



2.1. - Frequency and Time domain measurements

2.1.1. LTE 5MHz Downlink signal (OFDMA)
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teasurement paused - recording LTE_DL_GkHz_dént_w820.sdf ExT REF CAL: Mone

2.1.2. LTE 5MHz uplink signal (SC-FDMA)

Single User Multi User
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2.2. 718 &4 ¥5E
2.2.1. Frequency Domain®l| 4] ¢] £4]

ljf Agilent 89600 Yector Signal Analyzer

File Edit Control Sgurce Input TestSetup MeasSetup Display Trace Markers Utilities Help

(|| O E D©OE | Stackedz ~ =
ia 16 dBm

dBm

Doing demodulation... - recording LTE_DL_BkHz_4dnt_ w820 d LTE ExT REF Cal: None

Fu oA F5AT 4 = FE2 Channel power, OBW, SEM, Spectrum

flatness, ACP7} 9w VSA softwareo| 4] 5 3o =A o] 7538t}

2.2.2. Time Domain®l A 2] £4
1= Agilent 89600 Vector Signal Analyzer
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2.2.3. LTE Modulation ##d &34

lj__i' Agilent 89600 Yector Signal Analyzer
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Channel

M easurement pauzed - recording LTE_DL_BHz_4dnt_ w320 LTE ExT REF Cal: Mane

<Tx ¢t Y7} 471¢1 LTE MIMO signal demodulation>
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Type: Data:
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Channel 1 MIMO CDF
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NoData Correction
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EqImpulse Response
Enor Summary
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Error Yector Time
Frame Summary
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Marker Inst Eq Chan Freg Resp Diff
Mo Data Ingt Eq Chan Freg Resp
Ingt Spectium

RB Ernor Mag Spectium

RB Enor Mag Time
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Search Time
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2.3. LTE MIMO analysis

ijf Agilent 89600 Yector Signal Analyzer
File Edit Control Source Input TestSetup MeasSetup Display Trace Markers Utilities Help

rinle| | @BOODEE Gidk2 - ||k Z3o [ M) Z v
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Path
Path
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2.3.1. MIMO Equalizer Channel Frequency Response
~ Z} A% EE|A Matrix DecoderdlA decode®d AL HoFEr) o)== EAH
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2.3.2. MIMO info
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RSPwr (dB): Average (RMS) RS Signal Power

RSEVM (%rms or dB): Average (RMS) RS EVM.

RSCTE (%rms): Average (RMS) RS Common Tracking Error
RSTiming (seconds): RS timing error

RSPhase (degrees): Average (RMS) RS phase error



RSSymClIk (ppm): Average RS symbol clock error
RSFreq (Hz): RS frequency shift error

2.3.3. MIMO Chan Freq Resp Diff
~ BE 4719 <HY X EoA] Ad T35 SHY slopeE HATthAlZY &
AetA] ek tElY XE AEFS 9% dHolHE 002 A EC).

2.3.4. MIMO Common Tracking Error
~RE 4709 ¢tElY EEo|A 9 Common Tracking ErrorE HoFEt}h, Ao &
AeA] ek QrElY XE HAES 9% dHolHE 002 A EC).

2.3.5. MIMO Eq Impulse Response

~HE 47)9) el EEGA S Fahr)e] QU WS meFEth Az A
7 gt U XE A4S 9@ delHi: 02 A4

Type: :

Channel 1 Chanh Freq Resp Diff
Chan Freq Resp

b ark.er Common Tracking Ermor

MHao Data Eq Impulse Response

Info Table

OK | Cancel Help




3.LTE MIMO $41 ¥ =3

34. FA F SAS AdAE 7€ AZE A3 27| A vHEoA DUTY

go] Folof @},

~LTE 41& A Alol+= Signal StudioZ}i= toolS ©]-83| 4 Baseband 21 &
5 AT 5 As BT ASE R E sto A ALE-ghtt. Signal
Studiooll /] MIMO 5745 AAst= &2 tad 2

'ﬁ Agilent Signal Studio for 3GPP LTE - 2x2 MIMO Tx (for Signal Generator)=

File “iew Control Systern  Tools  Help

D@ ®1E 4

Quick Setups

Configuration : LTE DL 1 Carrier [2008-03)

Multi-Paths Setting [Sta Mo Delay Path Enabled

3.1.1. Precoding Method

-l Hardware
Instrurnent ﬂ - x
Licel:ss:;ument Carrier | State | R adio Format | Configuration | Frequency Offset | Power
Carmier 1 On Advanced LTE FDD Downlink [2008-..  Full filed GPSK SMHz (25 RE) 0.000000 Hz 0.00de
- waveform Setup
- Carrier 1
= eNB Setup
Channel Setup . )
Tx Map Carrier 1 -- Adwvanced LTE FDD Downlink [2008-03)
Pre-Filter Clipping 100.0 % j Diversity Method
Fost-Filer Clipping 1000 % Cholce: OFf | Tx Diversity | Spatiai Multiniexing
Defawit OF
Frequency Offset 0.000000 Hz
Power 0.00 dE Double-click or use the drop-down menu to s
Tirning Offset i Di\tfersity andepatit_aI Mul:jplexing sellecttion_s a
- antenna configurations. You can select a sim
lsnmatlj':;hgsﬁ L 0Deq configuration {M x 2 or M x 4) when you start th
yrbol Rollaff Length 0Ts ; ;
Escband Filter On configure a mult!ple antenna setup using act
Configuration Wizard, or define multiple anter
. . . Antennas field in the eMNB Setup node. See T
v Spatial Multiplexing = documentation for MIMO hardware configurati
Frecoding kethod Zero-delay COD
Mumber Of Layers i
Codebook Index 1]
S|
Channel State ulj}
El Charinel Parameters Static Fading Profile Setting

Choice: Zero—-delay CDD | Small-delay CDD | Large-delay CDD (a cyclic delay

diversity)

3.1.2. Codebook Index

Range-

0-2 for M x 2 with Spatial Multiplexing and Number of Layers
0-5 for M x 2 with Spatial Multiplexing and Number of Layers

2
7

0-15 for M x 4 with Spatial Multiplexing and Number of Layers = 1, 2, or 4



3.2. M*N MIMOE & tt5 tHY £574

~ 11799] needs”} Baseband Timing Alignment7}#] # 2 3t%] RF phase
coherence7t#] gk A FRlgh 7 T2 FTH A5 HA7IE F 23 option
S ol & uAMo| A 33} Signal Studio license= Zt7+e] A F @A 7)o t}

Zo] 7} glojof .

3.2.1. Baseband Timing Alignment Y RF phase coherenceZ 3} &+
3% (ESG 2t)

GPIBILAN

v

2 antennas
DUT

N7624B SIGNAL STUDIO
SOFTWARE

E4438C SIGNAL GENERATOR 2 (Slave)

Master®} slave A}o]olli= baseband generator clocke] 3+ cycle x}o]7} o}

3.2.2. Baseband Timing AlignmentE 3}31, RF phase coherenceE 3}#] &

L A9 (MXG 44, Hd 16u17-A] &4 71%5)

GPIB/LAN

—
PATT TRIG IN
-
B B8] RFouT

- — ™
N5182A SIGNAL GENERATOR 1 (Slave)

-
=== " GPIB/LAN 1D PAis
5 ouT
== Evant2
ouT

N7624B SIGNAL STUDIO
SOFTWARE

?—J

Bl RF OUT
¥

NS182A SIGNAL GENERATOR 2 (Master)

b SPIB/LAN

10 MHz
1 INF'ATTTFHG IN
1 N DUT

FOUR CHANNEL
RECEIVER

Y

MNS182A SIGNAL GEMERATOR 3 (Slave) J

GPIB/LAN 70 Mz
N
PATT TRIG IN _J

N5182A SIGNAL GENERATOR 4 (Slave)




3.2.3. Baseband Timing AlignmentE 3}31, RF phase coherenceZE 3}#] &
£ 7% (ESG 2d)

GPIB/LAN

BBG GLK 'Ql
(200-400MHz ]

N7624B SIGNAL STUDIO
SOFTWARE

RF OUT
GPIB/LAN

a

2 antennas
DuT

SIGNAL GENERATOR (Master)

BBG CLK m: l I 10 Mz
(200-400KHz) PATT TRIG IN

N5181A MXG SIGNAL GENERATOR
(External BBG clock)

SIGNAL GENERATOR (Slave)

3.2.4. Baseband Timing Alignment$} RF phase coherence
¥+ (MXG)

=

= ) R

N5162A

A 4

2 antennas
P put
GPIB/LAN

S = = = |

SIGNAL STUDIO
SOFTWARE

GPIB/LAN

N5162A 7/ N5182A SIGNAL GENERATOR 2 (Slave)

This Mx2 MIMO can be expanded to Mx3 or Mx4 MIMO



3.2.5. Baseband Timing Alignment¢} RF phase coherence £ T} 3= 7

+ (ESG)

N5181A MXG SIGNAL GENERATOR
(External BBG clock)

SIGNAL STUDIO
SOFTWARE

GPIB/LAN

Fraq 0.25 to 4 GHz OUT

{ Fraq0.25%0 4 GHz IN

{ Fraq 4 106 GHz OUT

" Fraq 4 to 6 GHz IN

Gooo0

BBG CLK IN
(200-400MHz)

v

E4438C SIGNAL GENERATOR (Master,

Freq 0.25 w 4 GHz QUT

Fraq 0.25 lo 4 GHz IN'Y

Fraq 4 106 GHz OUTY
Freqd lo & GHz IN Y

%\

Mz REF IN

10 Mhz IN

sk 4108 GHZ LOREIN

biaster 4 1n 8 GH 10 RE OUT

ggier .25102 ShrLORE
ilasior .25 .4 GH LG REQUT

BBG CLK IN
{200~ 7

PATT TRIGIN

GL0G0

This Mx2 MIMO can be expanded to Mx3 or Mx4 MIMO
All ESGs require special option HEC, HCC, and HBC
This setup is for 250MHz to 6GHz RF output

s 3 |
Z5623A K10
GPIB/LAN Distribution Network E4438C SIGNAL GENERATOR (Slave)

2 antennas
puT




4. Summary

- A% Ao A o] the As HAV(FS F7)¢ Signal Studio tool® MIMO 4l
3 Aol 7te 0}‘3} A A9l 49, VXI type?] 89600SH Q22513 5o =9
oJof 89601A VSA softwareE B4 MIMO A13E BAT 471 9Jon o=
MXA 20 94 SAY = ok



