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Abstract

1 Abstract

LTE (Long Term Evolution) standardization within the 3GPP (3rd Generation
Partnership Project) has come to a mature state by now where changes in the
specification are limited to corrections and bug fixes. LTE mobile communication
systems are to be deployed from 2010 onwards.

The ITU (International Telecommunication Union) has coined the term IMT-Advanced
to identify mobile systems capabilities going beyond those of IMT-2000. The data rate
requirements have been further increased in order to support advanced services and
applications. For LTE, these enhancements are being investigated for 3GPP release
10 and beyond (LTE-Advanced or LTE-A). The proposed high peak-data rate targets
for LTE-Advanced of 1 Gbps in downlink and 500 Mbps in uplink can only be fulfilled
with a further increase of the transmission bandwidth. Therefore transmission
bandwidths up to 100 MHz are planned for LTE-Advanced. Being an evolution of LTE,
LTE-Advanced shall be backwards compatible. It shall be possible to deploy LTE-
Advanced in a spectrum already occupied by LTE with no impact on existing LTE
terminals.

This can be achieved with so-called carrier aggregation, where multiple LTE
“‘component carriers” are aggregated on the physical layer to provide the necessary
bandwidth.

Details of the LTE-Advanced component carriers are not yet specified. Expected
modifications are not assumed to have major influence on LTE-Advanced component
tests such as power amplifier tests. With the capability to generate and analyze
multiple LTE release 8 component carriers, measurements performed today are
transferable to later real LTE-Advanced systems.

This Application Note describes LTE-Advanced signal generation with spectrum
aggregation in numerous configurations using one or more Vector Signal Generators
R&S®SMU200A or R&S®SMBV100A. Various examples illustrate how to analyze these
signals using the Vector Signal Analyzer R&S®FSQ, R&S®FSG or R&S®FSV.
Besides spectrum aggregation, LTE-Advanced comprises further enhancements,
including enhanced MIMO (Multiple Input - Multiple Output) schemes and CoMP
(Coordinated Multiple Point transmission and reception) which are not covered by this
application note. A complete LTE-Advanced technology introduction is provided by
application note TMA169 [3].

The following abbreviations are used in this application note for R&S® test equipment:
The R&S®SMU200A is referred to as the SMU.

The R&S®SMBV100A is referred to as the SMBV.

The R&S®AMU200A is referred to as the AMU.

The R&S®FSQ is referred to as the FSQ.

The R&S®FSB is referred to as the FSG.

The R&S®FSG is referred to as the FSV.

The FSQ, FSV, and FSG are referred to as the FSx.
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Overview of LTE-Advanced Frequency Bands and Spectrum Deployment

2 QOverview of LTE-Advanced Frequency
Bands and Spectrum Deployment

In order to meet the high data rate requirements of IMT-Advanced, LTE-Advanced
extends LTE release 8 with support for carrier aggregation: Two or more so called
component carriers (CCs) are coupled in order to support wider transmission
bandwidths up to 100 MHz. To an LTE terminal, each component carrier will appear as
an LTE carrier, while an LTE-Advanced terminal can exploit the total aggregated
bandwidth.

- LTE-Advanced maximum bandwidth: -
100 MHz

| \/ / F

-«+—Carrier |—» -a—Carrier 2—» -4—Carrier 3—m» -e4—Carrier 4—» -4—Carrier 5—»

Figure 1: LTE-Advanced maximum bandwidth in contiguous deployment

Spectrum deployment may be either contiguous with adjacent component carriers as
illustrated in Figure 1, or non-contiguous with non-adjacent component carriers as
illustrated in Figure 2. Data may be sent either in the same frequency band or in
different frequency bands in the latter case.

Frequency band A Fraquency band B
1 / / \
/ \ 7 / \
P
-a—Carriar 1—= -+—-Carier Z2—» -a—~Carrier 3—»

Figure 2: LTE-Advanced non-contiguous spectrum deployment

An LTE-Advanced terminal simultaneously receives one or multiple component carriers
(CCs) depending on its capabilities. It will be possible to aggregate a different number
of component carriers of possibly different bandwidths in UL and DL.

Deployment scenarios that have been considered for initial investigation within the
3GPP feasibility study for LTE-Advanced [1] are shown in Table 1. Agreed deployment
scenarios for initial investigation in order to meet the ITU-R submission timescales are
shaded in Table 1.

Latest discussions in 3GPP show that LTE-Advanced release 10 will likely focus on
carrier aggregation with 2 component carriers, i.e. the maximum DL/UL bandwidth will
be 40MHz for FDD.

This will not preclude a higher number of aggregated carriers to be specified in 3GPP
release 11 and/or higher.

1MA166_0Oe Rohde & Schwarz LTE-Advanced Signal Generation and -Analysis 5



Overview of LTE-Advanced Frequency Bands and Spectrum Deployment

Table 1:
Deployment scenarios with the highest priority for the feasibility study (Table 5.1.2.1 of 3GPP TR

36.815 V0.3.0 (2009-10)).

Deployment scenarios for ITU-R submission 1, 2, 7 and 10 are shaded.

Scena | Deployment ;@:s:f“ﬁg’“A No of LTE-A Bands for LTE- | Duplex
rio No. | Scenario : component carriers | A carriers modes
carriers
Single-band contiguous UL: 40 MHz klﬂll__iZnggguous 2y
1 spec. alloc. @ 3.5 GHz : . . 3.5 GHz band FDD
DL: 80 MHz DL: Contiguous 4x20
band for FDD
MHz CCs
Single-band contiguous .
2 spec. alloc. @ Band 40 | 100 MHz 8°C"t'9“°“3 Sx20MHz | Bahd 40 (2.3 GHz) | TDD
s
for TDD
Single-band contiguous .
3 spec. alloc. @ 3.5 GHz | 100 MHz gg;t'guous SX20MHz | 5 5 GHz band TDD
band for TDD
Single-band, non- UL: Non-contiguous 20
contiguous spec. alloc. | UL: 40 MHz + 20 MHz CCs
4 @35 GHzbandfor | DL: 80 MHz DL: Non-contiguous 3.5 GHz band FDD
FDD 2x20 + 2x20 MHz CCs
Single-band non- .
. UL: 10 MHz UL/DL: Non-contiguous
5 contiguous spec. alloc. : Band 8 (900 MHz) | FDD
@ Band 8 for FDD DL: 10 MHz 5 MHz + 5 MHz CCs
Single-band non- .
6 contiguous spec. alloc. | 80 MHz DomConguous 2x20* | Band 38 (2.6 GHz) | TDD
@ Band 38 for TDD
Multi-band non- UL/DL: Non-contiguous
7 contiguous spec. alloc. | UL: 40 MHz 10 MHz CC@Band 1 + gg:g :13 g? g:g FDD
@ Band 1, 3 and 7 for DL: 40 MHz 10 MHz CC@Band 3 + Band 7 (2.6 GHz)
FDD 20 MHz CC@Band 7 )
Multi-band non-
contiguous spec. alloc. Non-contiguous 1x15 + | Band 1 (2.1 GHz)
8 @Band 1and Band 3 | S0 MHz 1x15 MHz CCs Band 3 (1.8 GHz) | PP
for FDD
Multi-band non- .
. . UL/DL: Non-contiguous
9 contiguous spec. alloc. UL: 20 MHz 10 MHz CC@UHF + 800 MHz band FDD
@ 800 MHz band and DL: 20 MHz 10 MHz CC@Band 8 Band 8 (900 MHz)
Band 8 for FDD
Multi-band non-
. . Band 39 (1.8 GHz)
10 contiguous spec. alloc. 90 MHz Non-contiguous 2x20 + Band 34 (2.1 GHz) | TDD
@ Band 39, 34, and 40 10 + 2x20 MHz CCs
Band 40 (2.3 GHz)
for TDD
Single-band
. UL: 20 MHz UL: 1x20 MHz CCs
11 Contiguous spec. alloc : : Band 7 (2.6 GHz) | FDD
@ Band 7 for FDD DL: 40 MHz DL: 2x20 MHz CCs
Multi-band non- g;ﬁl} 20 MHz CCs @
12 contiguous spec. alloc. | UL: 20 MHz DL : Non- contiguous Band 7 (2.6 GHz) FDD
@Band 7 and the 3.5 | DL: 60 MHz ' 9 3.5 GHz band
GHz range for FDD 20 +20 MHz CCs @
3.5 GHz band
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Overview of LTE-Advanced Frequency Bands and Spectrum Deployment

Operating bands of LTE-Advanced will involve E-UTRA (LTE) operating bands as well
as IMT bands identified by ITU-R. E-UTRA (LTE) operating bands are shown in Table

2.

Table 2: Operating Bands for LTE Advanced

Operating | Uplink (UL) operating band Downlink (DL) operating Duplex
Band BS receive/UE transmit band BS transmit /UE receive | Mode
FuLlow — FuL_nig FoL low — FuL nig
1 1920 MHz 1980 MHz 2110 MHz 2170 MHz| FDD
2 1850 MHz 1910 MHz 1930 MHz 1990 MHz| FDD
3 1710 MHz 1785 MHz 1805 MHz 1880 MHz| FDD
4 1710 MHz 1755 MHz 2110 MHz 2155 MHz| FDD
5 824 MHz 849 MHz 869 MHz 894 MHz| FDD
6 830 MHz 840 MHz 865 MHz 875 MHz| FDD
7 2500 MHz 2570 MHz 2620 MHz 2690 MHz| FDD
8 880 MHz 915 MHz 925 MHz 960 MHz| FDD
9 1749.9 MHz 1784.9 MHz | 1844.9 MHz 1879.9 MHz| FDD
10 1710 MHz 1770 MHz 2110 MHz 2170 MHz| FDD
11 1427.9 MHz 1447.9 MHz | 1475.9 MHz 14959 MHz| FDD
12 698 MHz 716 MHz 728 MHz 746 MHz| FDD
13 777 MHz 787 MHz 746 MHz 756 MHz| FDD
14 788 MHz 798 MHz 758 MHz 768 MHz| FDD

15 Reserved Reserved -

16 Reserved Reserved -

17 704 MHz 716 MHz 734 MHz 746 MHz| FDD
18 815 MHz 830 MHz 860 MHz 875 MHz| FDD
19 830 MHz 845 MHz 875 MHz 890 MHz| FDD
20 832 MHz 862 MHz 791 MHz 821 MHz| FDD
21 1447.9 MHz 1462.9 MHz | 1495.9 MHz 1510.9 MHz| FDD
22 3410 MHz 3500 MHz 3510 MHz 3600 MHz| FDD
33 1900 MHz 1920 MHz 1900 MHz 1920 MHz| TDD
34 2010 MHz 2025 MHz 2010 MHz 2025 MHz| TDD
35 1850 MHz 1910 MHz 1850 MHz 1910 MHz| TDD
36 1930 MHz 1990 MHz 1930 MHz 1990 MHz| TDD
37 1910 MHz 1930 MHz 1910 MHz 1930 MHz| TDD
38 2570 MHz 2620 MHz 2570 MHz 2620 MHz| TDD
39 1880 MHz 1920 MHz 1880 MHz 1920 MHz| TDD
40 2300 MHz 2400 MHz 2300 MHz 2400 MHz| TDD
41 3400 MHz 3600 MHz 3400 MHz 3600 MHz| TDD
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LTE-Advanced Signal Generation with R&S Signal Generators

3 LTE-Advanced Signal Generation with

R&S Signal Generators

R&S signal generators offer many features that are particularly helpful when
generating signals with multiple component carriers according to LTE-Advanced
requirements. This is especially true for the 2-path concept of the SMU signal
generator (Figure 3) which combines up to 2 independent signal generators in one
single instrument.

) SOMBEABIINRATE Wil T ST B D1 BT

Ame e W e O
1 a0 L Lr J

TESELLLES

Figure 3: Vector Signal Generator SMU front view

In order to generate LTE-Advanced signals with multiple component carriers according
to Table 1, different principles can be used:

e Addition of signals in baseband: Within one SMU signal generator two
baseband units can be configured, thus two component carriers can be
generated in real-time and added in baseband, either with contiguous or non-
contiguous placement. For scenarios with more than two component carriers,
with an additional AMU signal generator or a second SMU two extra
component carriers can be added in baseband via the digital baseband
interface.

o Addition of signals in the RF domain: Of course the signals from different
component carriers can be added in the RF domain as well by using an RF
power combiner.

e Using the Multi-carrier Arbitrary Waveform capability: This is a very cost-
efficient approach available with all R&S signal generators.

o Mixed solutions: Combinations of the above-mentioned approaches may be
required or useful for certain scenarios.

The following chapters explain the different approaches in more detail and highlight the
benefits and possible limitations of each variant.

1MA166_0e
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LTE-Advanced Signal Generation with R&S Signal Generators

3.1 Signal Generation with an SMU

All the advantages of the SMU two-path concept become evident especially when
generating LTE-Advanced signals in various configurations. Since the baseband
section of the SMU is fully digital, the signals of the two baseband generators can be
added to one RF output without synchronization problems and without an external
coupler or additional equipment being required. Each signal’s frequency offset and
relative power can be set accurately. Both baseband generators can generate a single
component carrier in real-time. The signals can then be added in the digital domain
with a frequency offset, in contiguous placement or non-contiguous placement.

BB Input
config...
™ on

TRIGGER |
Basenaﬂ-

Figure 4: Baseband A and B are combined to path A with adjustable frequency offsets

Due to the SMU baseband generator's 80 MHz real-time bandwidth two component
carriers with 20 MHz bandwidth each can be placed with a maximum frequency offset
of £ 30 MHz. Thus a maximum gap of 40 MHz is possible with 2 x 20 MHz component
carriers in non-contiguous placement, see Figure 5.

Baseband A Baseband B
=20 MHz B=20 MHz
T T T T ' T >
40 MHz -30 MHz -20 MHz -10 MHz 0 +10 MHz +20 MHz +30 MHz +40 MHz Frequency

Figure 5: Two component carriers with 40 MHz gap

Figure 6 shows a resulting test setup with one SMU and a signal analyzer that is used
to investigate the spectrum of the LTE-Advanced signal.

1MA166_0Oe Rohde & Schwarz LTE-Advanced Signal Generation and -Analysis 9



LTE-Advanced Signal Generation with R&S Signal Generators

Ref Dut Ref in
¢ Signal Analyzer FSV/FSQ

Signal Generator SMUZ200A |

Bt bty ot 2

EXT. Trigger/GATE IN

Figure 6: Test setup for generating a 2-carrier LTE-Advanced signal in contiguous or non-contiguous
mode (addition in baseband)

Note:
All following pictures of the SMU show the model with 2 RF and 2 baseband channels,
even if only one channel is used.

3.1.1 Contiguous Placement of 2 LTE Signals with 20 MHz Bandwidth

(Addition in Baseband)

This chapter explains how to generate an LTE-Advanced signal in line with downlink
scenario 11 of table 1 as an example.

Select an LTE Signal in baseband A and set Channel Bandwidth to 20 MHz as seen
below. Do the same in baseband B.

=] gmnunxmnmwn B ||
Stats * Ehysical itk =
Chianiel Bandwidih 20 MHe
St T Dttt | Srva i e
Physical Resource Block Bandweldth 12" 1EkHL
Data st aisgament.. || Genrate el b o o Resourca Blacks Per Slot | i
7 Um St m‘_‘ VBEB el (o oiied Bandwidt (MHz Wwms
Dupleinn FOO Sampling Rate Mt w7
Link Oltion Dowialink||| FFT Sige 2048
L T
mw 1 i MNimber OF Occupled Subcarrars 1201
Hismbier OF Lef Guard Subicarriers el
Test setugs odets.. | |
. I maretier 01 Right Guard Subcarriors a3
TR Eon Spocts Soming
Fraemu Configurasian.. Cell 0
Filter Clgipg Power... - || Pirysical Cell 10 Graup 0
BT e =
Cyklie Prefix Uses Defined -
. EERSCH Ravo B A oo e | =)
EUTRALTER | EUTRALTEA
- =g GeNSAMINgs | | I | | I a

Figure 7: Generating an LTE Signal with 20 MHz bandwidth

Set baseband A to a frequency offset of -10 MHz shifting the SMU output signal to 10
MHz below the selected RF Frequency (2.17 GHz).

Set baseband B to a frequency offset of +10 MHz shifting the SMU output signal to 10
MHz above the selected RF frequency.

Root baseband B to path A to combine it with baseband A to a contiguously placed
LTE-Advanced signal containing two 20 MHz component carriers as seen in Figure 8
and Figure 9.

1MA166_0e
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LTE-Advanced Signal Generation with R&S Signal Generators

Hint:

It is recommended to set symmetrical offsets for baseband A and B. Thus the carrier
feed through (as seen mid of Figure 13) will not affect the combined carriers.
Intermodulation products are also minimized.

94| 23 000 !hﬂ:] PER mﬂm Leva __||n'n [ll Baseband A
mqn| mnmamn[ ~30.00 48 Lev B r—r—_l Af = -10MHz

\
1
\ -
T
-20 MHz -10 MHz 0 +10 MHz Frequency

Ceaphics Baseband B
| u"‘““' af = +10MHz
T on o $ $Z| 0000000 ————ee Lo
|araon asa BERT !
T I
HERT I
Fading B [AWGHTaP E“ Ui Mod B REIA Mad B ]
]
I
!
|
I -
I ! I =
5 -10 MHz 0 +10 MHz *20MHz  Fraquency

Figure 8: Baseband A is set to a frequency offset of -10 MHz, baseband B to a frequency offset of +

10MHz.
A 7= 7170000 000 00 | #1484 o 1] 0000 |
B e 1,000 000 000 00+ I__HZ\ E[ 913000 #n 3000 I__l«n

| WEMOTE l Ao

Baseband A Baseband B
Af = -10MHz | Af = +10MHz

Fading &

g || - s
ol
St Dol i
0 Fama
BB Input BERT
S Coit |
I oa I on
BEAT -
: T Frequenc
o -20 MHz =10 MHz +10 MHz +20 MHz q ¥y
Fading 8 [AWENIMP B 1 Mod B RFiA fod B
contg || | contip. | contg || contg. | ,jéﬂ,
Fon | | Fon I~ on I~ on
$d Del L

Figure 9: Baseband B is routed to baseband A to produce a contiguously placed LTE-Advanced
signal containing two component carriers with 20 MHz bandwidth each.

To start the component carriers produced by baseband A and B synchronously, set the
trigger source of baseband B to Internal (Baseband A) in Mode Armed Auto as seen in
Figure 10. Switch baseband A off and on afterwards to run baseband B.
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LTE-Advanced Signal Generation with R&S Signal Generators

ﬂnm RAILTE B Trigger Marker/Clock

Trigger In
Ill.ode
Arm I
Source
Trigger Delay
Trigger Inhibit
Marker Mode 2
Warker 1 [Radio Frome Stan -] Rise Offset | 0| Samples -]
Fall Offset | 0] Samples -|
Marker 2 [Radio Frame Start -] Rise Offsut | 0| Samples -|
Fall Offset | 0 Samples -|
Marker3 [RadioFrame Sn -] Rise Offser] o[ Sompies ]
Fall Offset [ 0| Samples -|
Marker 4 | Radio Frame Start =] Rise Offset | 0| Samples -] |

Figure 10: Trigger In of baseband B is set to trigger source Internal (baseband A) in mode Armed
Auto, to start baseband A and B synchronously.

Figure 11 shows the output spectrum generated by an SMU as described above
measured with an FSV.

Ref Level 0,00 dim RBW 1 MHz ¥ 1
Att 20dB  SWT 1ms VBW 1MH: Mode Auta Swesp ‘ ‘
SGL

@ 14P Clrw P @

Baseband A | Baseband B

30 da H | i '||‘

CF 2.17 GHz Span 100.0 MHz —_

il i

Figure 11: Spectrum of two contiguously placed 20 MHz LTE Signals similar to scenario 11 of
Table 1 generated by an SMU as described above.
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LTE-Advanced Signal Generation with R&S Signal Generators

3.1.2 Non-Contiguous Placement of Two LTE Signals (Addition in

Baseband)

Due to the large real-time bandwidth of 80 MHz, two LTE signals with 20 MHz
bandwidth each can be placed non-contiguously with a maximum offset up to 60 MHz
(each baseband + or - 30 MHz). Setups for smaller bandwidths or offsets can be
derived easily from this scenario.

A 7 3540000000000= ] [, pee| TAB4 eom 1 0,000 |
B e« 310.00000000[% ] [+o-[“[s7]  vo[30.00 #n 130,006 ]

| renote || A: ALC Auto | B: ALC-Autn info |

o ¥ OUT
) I—TG' s

Fading A [AWGHATP A
|
conia— || | confie. |}*
Fon |~ *| Conm
5td Del e
D rPana
BB Input
conlig,.

[ FadingB | WGHIMP B
config.. [ | config. i
Fon | "| I on
St Dol e

Figure 12: SMU Screen: Combining 2 baseband signals non-contiguously in an SMU (addition in
baseband)

Set the SMU's center frequency to 3.54 GHz and the offsets of baseband A to -30 MHz
and baseband B to +30 MHz to generate two 2 uplink component carriers at 3.51 GHz
and 3.57 GHz according to uplink scenario 4 of Table 1.
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LTE-Advanced Signal Generation with R&S Signal Generators

Spectrum | P’Eﬂl Remote
Ref Level 5.00 dém RBW 1 MHz — 1
e Att 15d8  SWT Llms VBW 1 MH:  Mode auto Sweep ‘ ‘
@ 14F Clrw 1]
mMif1] -1-4.33 dBm| [ —
0 dBmr A.510000 GH2 ‘ |
mM2(1] 15,17 diim)|
.10 dB Baseband Al 4570000 GHz| —————
T : f ) ‘
20 dBm— \ o
i | =
<30 dem—{- 111 100 Basct + i 1 | ‘
? I I I IRILE IBasceband Bi[" N1 - 4
40 der i ‘
50 dBer Display
Updata
o
60 08
| Local
il ‘ ‘
L | [ I 1 " —
A = I
CF 3.54 GHz Span 100.0MHz |~
1 | # g

Figure 13: Non-contiguous placement of 2 LTE CCs with 20 MHz bandwidth each within the LTE
frequency band 3.5 GHz (uplink scenario 4 of Table 1, addition in baseband).

3.1.3 Contiguous or Non-Contiguous Placement of 2 LTE Signals
(Addition in the RF Domain)

By using an SMU with 2 baseband and 2 RF channels 2 LTE signals can also be
added in the RF domain with an RF power combiner as illustrated in Figure 14.

S'nFonon

Signal Generator SMUZ00A

Signal Analyzer FSV/FSQ

Figure 14: Adding 2 RF channels of an SMU externally with a power combiner to generate 2 LTE
component carriers

Since there is no limitation by the real-time bandwidth of the SMU baseband section
any longer, this configuration is also suitable for multi-band non-contiguous placement.
Use an appropriate non-resistive power combiner with good isolation for optimum
results.

This configuration exhibits best spectral performance, for example for critical ACLR
tests on power amplifiers.
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LTE-Advanced Signal Generation with R&S Signal Generators

Setup SMU similar to chapter 3.1.1 but set the frequency offsets of baseband A and
baseband B to 0 Hz. Set RF frequency A and B to the center frequencies of the wanted
component carriers, see also Figure 15.

A #2160 000 000 00c+= | P 12.31 dom L 0,00 féem |

B #« 2.180 000 000 00 ¢+ | e[ 12.31 &6 1o 0,00 [0 |
!m.mrz | : Infa I

™ on
S1d Del

@ rana

@ rams

Figure 15: SMU configuration for adding 2 LTE component carriers at RF A and RF B externally with
an RF power combiner.

Typical ACLR performance of a 2 carrier signal generated in this manner measured
with an FSQ is shown in Figure 14. The ACLR values of -62 dB in the adjacent
Channels and -63 dB in the alternate channels are approximately 3 — 4 dB better as of
a signal generated according to chapter 3.1.1.

*RBW 100 kHz
*VBW 1 MHz

Ref -8.6 dBm *Att 15 dB *SWT 1 s

3 - LS iEl | 2 |
CL 5
-7
NOR
-8
Moo ) 3DB
L I I [T T T 7T [
Center 2.18 GHz 12 MHz/ Span 120 MHz
Standard: E-UTRA/LTE Square Adjacent Channel
Tx Channels Lower -62.63 dB
Upper -62.90 dB
Ch1l ef) -4.61 dBm
Alternate Channel
Ch2 -4.17 dBm Lower -63.14 dB
Upper -63.69 dB
Total -1.37 dBm

Figure 16: ACLR performance of 2 contiguously placed component carriers with 20 MHz bandwidth
each, measured with an FSQ.
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LTE-Advanced Signal Generation with R&S Signal Generators

3.2 Signal Generation with an SMU and Additional AMU
or SMU (Addition in baseband)

162 Duats Ou

1Q Datln n

A 3™ and 4" LTE baseband can be superimposed to the RF A output signal of the
SMU via the digital baseband input. A Baseband Signal Generator AMU200A or a 2m
Vector Signal Generator SMU delivers these additional baseband signals.

Up to 4 component carriers with 20 MHz bandwidth each are combined to the SMU's
RF output A aggregating a total bandwidth of 80 MHz which fits in the 80 MHz real-
time bandwidth of the SMU. The setup is shown in Figure 17.

Signal Generator SMUZ00A/AMUZO0A (SMU 1)

Signal Generator SMUZ200A (SMU 2)

L
b

'0'._'

T Teiggpn!
GATE IN

Figure 17: Combining the digital baseband output signal of a second generator

The upper AMU or SMU (SMU1 in Figure 17) is configured like in chapter 3.1.1 but
rooted to Digital I/Q Out. Switch on the Digital I/Q Output as seen in Figure 18.

Baseband A Baseband B

Af = -10MHz | Af = +10MHzZ

\

Fmqa [ 355000000000 [6re | | wroer (| |10 vepa| 000 B tova [ 000[cem |
: — ] REF 5
#mas [ 300000000000 [GHr | [seorr || |10 Per 530,00 ¢8n Levo [-30.00[den |
[Fewore | T ALC A | B ALC At o |
Ve Z=alyel A3 00 v QuT g
]
ouT
Fading A [AWIGHINP T‘ = =[x | "1
conbg- || .| coof. ¢ A1 oMMz
Fon | 7] Fom F"" ] _I
s o Sample Rate
Source [User Defined 4|
Value |mﬁimmtmu I
Signal Output
SotlevelVia [PER. ]
PEP I 000 [d6F5 -]
Fading B AviGHp g | Level ! T332 [8¥s -]
P = 1 Usert Viamrlatly
Fon [ ¥ T om ||l variation Active ¥
S 0e o swp [ to0|d8 -]
Signal Monitoring——————
N % i .
Digital 12 Out Overfiow Hold L4 M -‘
Settingt A i €.

L
-10 MHz 0 +10 MHz

Figure 18: Upper SMU Screen: baseband A&B are combined and output at Digital IQ Out.
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LTE-Advanced Signal Generation with R&S Signal Generators

The Marker 1 of baseband A in SMU1 is setup to Restart(ARB) to get a trigger signal
for the lower SMU.

EEWM&!E A Triggeritfarker Clock = x |
Trigger In 2
Iuode | Auto J
e Marker Mode
Harker 1 ((Restan(ARB) : Rise Offset | 0| samples |
Fall Offset | 0| Samples -|
Warker 2 | Radio Frame Start B Rise Offset | 0| Samples -|
Fall Offset | o[ Samples -] |
Warker 3 [Radio Frame Start =] Rise Offsat | 0] samples -]
Fall Offset | 0| Samples -|
Marker 4 |Radio Frame Stant B Rise Offset | 0| Samples -|
Fall Offset | 0| Samples -|
Marker Delay
Current Range Without Recalculation Ll

Figure 19: Marker/Trigger Settings of SMU1. Marker 1 is set to Restart(Arb) to get a trigger signal for
SMU2 of Figure 17.

Switch on the Digital Baseband Input of the lower SMU (SMUZ2) and set Sample Rate
to User Defined 100 MHz as seen in Figure 20.

[ Baseband Input Settings ==
State On |
Mode IDigi‘taI Input |
I'Q Swap [~ On

Sample Rate

Source [ User Defined j
Value |100.000 000 000 | MHz - |

Baseband Input Level————————
Measurement Period | 2 Is’ j
Crest Factor I 1210 I dB j
PEP | -1.22 | dBFS -|
Level | 43.32 | dBFS - |

Figure 20: Baseband input settings of SMU2. The sample rate is set to 100 MHz.

Switch on the LTE Signal in SMU2 baseband A & B, set Channel Bandwidth to 20 MHz
for both basebands.

Set baseband A to frequency offset -30 MHz shifting the SMU output signal to 30 MHz
below the set RF Frequency. Set baseband B to a frequency offset of +30 MHz shifting
the SMU output signal to 30 MHz above the set RF frequency. Root baseband B to
path A to combine it with baseband A.
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r..q'al 3,550 000 000 00 |G i PEPA| 1576 vBm Leva | 0,00 |d@m
I SMUZ B:Mtlf .
rroq [ 2140000000 00 [cve | [wor | pee ] 3000 i Lovs [30.00[am AlbA mehe
[ remare | AL ALEAuto | B: Inla 1 Jf——'u
L g = I 1 |||
S : \
] % / | [ \
Fadingh CrarR Ty | . | : J'I b 4 |
| , AOMHz  20MHz 10 Mz 0 VOMH TE MHz  +30MHz | rEQUENCY
Graphics |
ol ..
SMU1 SMU1
T on I o S Basaband A Bassband B pa
Graph A8 BERT RN Af =AMz | AF = +10MBMZ -
e
uEAT i T .
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™ on ™ on | I|| f i |lI
I | Il |
T

T T
il s i \ <30 MHz 20MHz  -10 MHz 0 +10 MHz JMHz  +30 MMz  FTEQUENCY

Figure 21: The SMU2 digital baseband input receives the digital baseband signal of SMU1 and
combines it with its own baseband A and B to a signal with 4 contiguously placed component
carriers.

Baseband A and B are triggered by SMU1 Marker1 Output (set to Restart (ARB))
signal to achieve a synchronous start of all 4 LTE signals. A trigger delay of
approximately 243 samples must be set for a synchronous start of all 4 baseband
signals. (Measured with FSx and LTE Analysis Software, see Figure 39).

= EUTRA/LTE A: TriggeriMarker/Clock SE*)
Trigger In =
Mode | Armed Retrigger =]
Arm
Source | External (TRIGGER 1) =]
[External Delay | 245,00 | Samples J
External Inhibit [ 0| Samples - |
Marker Mode a5
Marker 1 | Restart/{ARB) ] Rise Offset | 0| Samples |
Fall Offset | 0| Samples -]
WMarker 2 |Radio Frame Start | Rise Offset | 0| Samples -|
Fall Offset | 0| Samples -]
Marker 3 |Radio Frame Start =] Rise Offset | 0| Samples -|
Fall Offset | 0| Samples |
WMarker 4 |Radio Frame Start =] Rise Offset | 0 samples -] |.

Figure 22: Trigger Settings of SMU2. Adjust External Delay to the same Trigger to Frame Start Offset
as the SMU1 signal has.
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Ref Level 0,00 dBm REBW 1 MMz

ALL Z0dE SWT 1ms VBW 1MH: Mode Auto Sweep

SGL
@ 14P Clrw p

Mi[1] v2.00 divm] |
3.510000 GHz||

-33.07 dBm| .
1000 GHE2|

=20 dBm—
30 dam— I
40 dam3 SMU2 P
soasmt Baseband A EMUbl .
aseban
T SMU1
Baseband A SMU2
Baseband B
-80 dBm
CF 3.55 GHz Span 100.0 MHz ;- S |

nid Y
L

Figure 23: Example downlink carrier aggregation in operating band 24 (scenario 1 of Table 1).Up to 4
LTE CCs with 20 MHz bandwidth each are combined to the SMU's RF A output.
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3.3 Using Multi-carrier Arbitrary Waveform

Besides its universal possibilities to create real-time digital modulated signals in
different mobile radio standards, the R&S Vector Signal Generators contain a powerful
arbitrary waveform generator allowing playback of pre-calculated waveforms. An SMU
or SMJ with a waveform memory (up to 128 Msamples) and a clock-rate of 100 MHz is
capable of generating pre-calculated complex modulated multi-carrier waveforms with
a total RF bandwidth up to 80 MHz. Up to 4 contiguously deployed component carriers
with 20 MHz bandwidth each can therefore be created with a single 1 channel SMU.
The SMBV even has more waveform memory and a higher clock-rate. Its total RF
bandwidth of 120 MHz is also wide enough for the proposed contiguously deployed
100 MHz bandwidth. Also non-contiguously spaced component carriers can be
generated as long as the total RF bandwidth of 80 or 120 MHz respectively is not
exceeded.

Using the Multi-carrier ARB mode is a cost-efficient way to generate LTE-Advanced
signals. A single SMBV or SMJ or a one-channel SMU is sufficient. However, changing
of the configuration of the different component carriers may be more time consuming
compared to the other approaches described before.

Following steps are necessary to generate a multi-carrier arbitrary waveform:

1. Setup a real-time LTE component carrier with the desired configuration, then
generate and store the waveform file.

2. Repeat step 1 if different configurations are needed in the various component
carriers.

3. Select the Multi-carrier menu within the Arbitrary Waveform Modulation
functionality in the baseband generator.

4. Combine the (optionally different) waveform files to a multi-carrier waveform file by
filling the ARB multi-carrier table.

5. Press Create and Load.

These steps are illustrated in more detail in the following.
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3.3.1 Generating 4 Component Carriers with Contiguous Allocation
with an SMU200A or SMBV100A

Setup a real-time LTE component carrier with the wanted configuration, generate a
waveform file and store it under a meaningful name (in this example LTE DL
BW20MHz).

[P euTRALTEA

State on |

Set To Default | SaveRecall... |

Dato List Management.. || Generate Waveform File.. |f

IGPP Version IGPP 36.211 VA.7.0 (June 09 Basaline)

Duplexing
Link Direction
Sequence Length

‘Downlink (OFDMA) -

il

Test SetupsiModes... I
General DL Settings... |
Frame Configuration...
Filter/Clipping Power... |
TriggerMarker... |

Figure 24: The currently setup LTE signal is saved as an arbitrary waveform file via the softkey
"Generate Waveform File..."

LTE | ClipOft

Auto

Select MENU:ARB:Multicarrier and set Number of Carriers and Carrier Spacing like in
Figure 25. Then select Carrier Table.

Ans:nim]c.m«.\ =B > |
Set To Default | saveRecall.. |
Settings
Number of Carriers | 4
Carrier Spacing | 20.000 000 00 Mz - |
Crest Factor Mode It.hnmvm j
Clipping ot |
signal Period Mode  |Loroest i s =]
|| Carrier Table... [ Carrfer Graph... |
Output Settings
Output File... | LTEA-4CCs
Clock Rate 100,000 000 000 MHz
File Size | 1000000 Samples
Create | Create and Lood | ;J

Figure 25:SMU/SMBYV screen detail: setup the multi-carrier signal with 4 carriers with a spacing of 20
MHz
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Fill the multi-carrier table as shown in Figure 26. Within the column File the appropriate
waveform files are referenced (different files could be set for different carriers if
necessary). Each carrier can be switched on or off in the column State. Optionally also
different levels, phases and delays can be set for the different carriers via Gain[dB],
Phase[deg] and Delay[ns].

Press Escape after completing the multi-carrier table.

anam.ht:mmnuu =
Number of Carriers [ 3
Carrier Table A
Carrier State ™ on
Camer Stan | 0 Stop l 1
Gain Start | m||si Step I m!m[
Delay Start I 'ﬂlm' " Step ' ﬂl!ﬂ 'l
Input Waveform File... | ArbicewDummy,
Apply Assistant Settings |
Gain | Phase | Delay = |
S |18 | gear | insy e s
o [ on 000 0,00 0 dEUTRALTE OL BW20WHz info..
1] on| o000 o000 0 GEUTRALTE DL BW2OMHZ Info...
2 | on 000  0.00 0  QUEUTRALTE DL BW20MHZ info..
3 | on 000 000 0 d/EUTRALTE DL BW20MHz Info... B

Figure 26: SMU/SMBYV Screen Detail: multi-carrier table configuration

Set Output File name (via Output File ....) for a later reload of the multi-carrier
waveform, then press Create and Load:

1

B aRB: tur Carrier A Bog
Set To Default | saveRecall.. |
I Settings
Number of Carriers | 4
Carrier Spacing | 20,000 000 00 |MHz -]
Crest Factor Mode | Off =]
Signal Period Mode  [Longest File Wins =l
Carrier Table.. | carrier Graph... |
Output Settings

Output File... | LTEA-4CCs

Clock Rate | 100.000 000 000 MHz
File Size | 1000000 Samples
Creals | | cremeandioes |

Figure 27: SMU/SMBYV Screen detail: The 4-carrier signal is created and loaded via "Create and Load"

The multi-carrier waveform file is now generated.
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A 7 354000000000/= | |,

P 16.36 d6m Ley| .00 |

B # 310.000000 00/ | [ | [5]

22-30.00 o te-30.00 ¢ _|

renote ||

A ALCAuto | B: ALCAuto

02 ¥0 OUT
@ r .G.IU?J'

Info |

Fading A
] S
I~ on
Std Del
@ rana
BB Input
config,.
Fon [ &
Baseband B Fading B 0 Mod B RFIAMod B
oG T +| confi.. config. || . =2
O
Con [— ron | ° Fon | | T on ~O
EUTRALTE Sidl Dl

o

Figure 28: SMU Screen: LTE-Advanced signal with 4 contiguously placed component carriers, each
with 20 MHz bandwidth using the Multi-carrier Arbitrary Waveform mode.

Spectrum | l':%':l Remate
—_
Ref Level 0.00 dBm RBW 2 MHz T
Att 2008 SWT 1ms VBW 2 MHz Mode auto Sweep
@ 1AP Clrw
m2[1] -37.59 dBm b ]
3.580000 GHz
-10 dBm M1[1] -30.77 dBm
S—
3.500000 GHz| ——=
-20°dBm | 1 }
| . |
i o —c
-30 dBm
=
-40 dBrm I i ‘I —
-50 dBm —_
Disﬁiay |
i \ Update
et il Off
A
Local
Ne—
I'|‘
-90 dBm ——y
CF 3.54 GHz Span 200.0 MHz -
—
Jl QAR 96
Date: 19.NOV.2009 17:21:36

Figure 29: Contiguous placement of 4 x20 MHz carriers (Multi-carrier Arbitrary Waveform mode), DL-
Scenario 1 of Table 1.
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3.3.2 Generating 5 Component Carriers with Contiguous Allocation

3.3.21

with an SMU200A or SMBV100A

There are 2 recommendable ways for generating a contiguous transmission bandwidth
of 100 MHz (5x 20 MHz LTE Component Carriers, deployment scenarios No. 2 & 3 of
Table 1):
= By using a 2-channel SMU (with 2 RF and 2 baseband modules) and
combining RF A and RF B outputs externally via combiner (only scenario 2

is supported by this setup because RF output B is limited to 3 GHz).

Or by using the Multi-Carrier Arbitrary Waveform mode of a single SMBV.

Using a 2-Channel SMU (Mixed Solution)

Baseband A generates a 4-carrier multi-carrier signal and is routed to the RF A output,
baseband B generates a real-time LTE signal and is routed to the RF B output.
RF A and RF B are combined as shown in Figure 30.

‘Doonom

B LLE afin
=Y 5o (ob:

— 5 B

=
=

Signal Generalor SMUZ00A Signal Analyzer FSVIFSQ

o

Figure 30: Test setup with a 2-channel SMU200A (2 baseband modules, 2 RF modules)

The multi-carrier signal at baseband A is setup similar to chapter 3.3.1.

Setup a real-time LTE signal at baseband B and set RF frequencies as shown in
Figure 31 for the scenario 2 configuration of Table 1.

Trigger baseband B by baseband A with Mode Armed Auto for a synchronous start of
the different combined carriers.
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Hint:
Power of one component carrier dependent on number of component carriers
(equal levels of all component carriers assumed)

When more than one LTE-Advanced component carrier of equal bandwidth is
generated by the SMU's baseband section and output at RF output, the total power
(Pqot) corresponds to the set power (indicated in the SMU's Level display). The power
of one component carrier (P..) is reduced correspondingly. The formula to calculate the
power of one component carrier is:

P =10 log Prot /N where N = number of generated component carrier

Power of one component carrier dependent on the number of
total generated component carriers

Number of component carriers: Power of 1 component carrier P:
2 Prot- 3 dB
3 Prot— 4.8 dB
4 P+t - 6 dB
5 P+ot - 7 dB (valid for SMBV, see chapter 3.3.2.2)

Table 3: Power of one component carrier dependent on the number of total generated Component
carriers (equal levels of all component carriers assumed).

This means if a single component carrier generated in channel B is added externally to
a 4 component carriers signal generated in channel A, the set level in channel B has to
be 6 dB lower than the set level in channel A for equal levels of all the 5 component
carriers (example of Figure 31).

A = 2340 000 000 00/c= | l I pep| 6,65 én ey -9.00]em |
B t»nrmmmm e[ 474 dn Lo -15.00[@m |
I ote || _— | A: ALC-Auto | B: ALC-Auto l‘“ﬂ]

Fading A
config..,
I on
Sted Dl

@D oA

BB Input

Fading B
. | config.

™ on
St Dal

Figure 31: Configuration of a 2-channel SMU for generating 5 x 20 MHz LTE component carriers in
band 40 (scenario 2 of table 1)
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3.3.2.2 Using an SMBV (Multi-carrier Solution)

The SMBV's internal baseband generator allows 120 MHz bandwidth and is capable of
generating 5 x 20 MHz component carriers in multi-carrier arbitrary waveform mode.
Thus scenario No. 2 or 3 with 100 MHz transmission bandwidth can be generated with
a single SMBV.

Setup the SMBYV similar to chapter 3.3.1 but with 5 carriers.

Frequency PEP Level
WSNNMJ(ID[%J- | 20.22 @m | 0.00 dBm |
ot

&
e
e

| | | | | |

Figure 32: Generating deployment scenario 2 or 3 (5x20 MHz CCs) with a single SMBV using the
multi-carrier ARB mode.

Spectrum | ’QE

Ruf Level 0,00 dim RBW 2 MHz2 b
Att 20dE  BWT 1ms VBW 2MH:  Mode Autc Swesp ‘ ‘
SEL Count 1007100
@17k Max ——
YTEN] 1. 50 dim)
r:kJ-"‘-’l:‘L."rMWU'\JhLHIJAIN W, Ih""*},l pi--‘“'”u-)\l 2.300000 GHz ‘ ‘
-10 B o i - L mzf1] M: 19.60 dam| ——=
T T 2400000 GHz ‘ ‘
<20 d2m ﬂ I o
30 dar i ‘ ‘
50 d8 il p ~]
=play
s LR U TR RO T UEuuta
40 dgm
-70 d& Local
60 O ‘—‘
901 démy ‘—‘=

CF 2.35 GHz Span 200.0 MHz
e w—

Figure 33: Output spectrum of contiguous 5x20 MHz component carriers (scenario 2 of Table 1)
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3.4 Generating Multi-Band LTE-Advanced Signals

(Mixed Solutions)

3.4.1 Generating an LTE-Advanced Dual-Band Signal in Non-

Contiguous Placement with a Single SMU

Adding dual-band signals has to be done in the RF domain, because of the bandwidth
limitation of the baseband generator. Two 2 RF signals must be combined externally
via an appropriate RF signal combiner. A 2-channel SMU can provide these 2 RF
signal outputs. Alternatively, 2 SMBV's can be used.

For generating scenario 12 of Table 1 with an SMU, path A of the SMU delivers

2x20 MHz component carriers in non-contiguous placement using its multi-carrier ARB
function at 3.5 GHz band (similar to chapter 3.3.1). Path B delivers a single real-time
modulated 20 MHz component carrier at 2.6 GHz band. RF A and RF B are externally
combined with an RF combiner.

Trigger baseband B with baseband A as shown in chapter 3.1.1.

jomoRE B

NEED

Signal Generator SMU200A

Signal Analyzer FSVIFSQ

Combiner

B
-

Figure 34: Test setup with a 2-channel SMU200A (2 baseband modules, 2 RF modules)
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A 4 3550 000 000 00 e+ | I I eee[ 12,60 dm o 0.00fm |
B #4 2.600000 000 00 e+ | eee[ 835 dam Loy -300[e8m ]

l REMOTE || A: ALC-Auto | B: ALC.Auto M
'.4_' i 04 13 BUT
0 r{a,léau-
Fading A W

I~ on
iMp
@ rome
BB Input
I~ on
Fading B [AWGH/IMP
config. ,.| config.. I_, config...
TR R =
iy = on J I=on
Std Del 1P

Figure 35: Generating scenario 12 of Table 1 with a 2-path SMU. Path A delivers 2x20 MHz CCs in

non-contiguous placement using its multi-carrier ARB function at 3.5 GHz band. Path B delivers a
single 20 MHz CC at 2.6 GHz band. RF A and RF B are externally combined.

Ref Level 0,00 cBm RBW 3 MHz
ALt 20dE SWT 1.3ms VBW 3MH: Mode Auto Sweap
@ 14F Clrw

mz2[1] -17.16 dBmjf
9.52000 GHz
: M1[1] mz "9 -19.60 dBm|

: 2.60000 GHz| ———=
20 d8 s : (
-0 dg L !

-10 dém ‘
=40 dB 1 ‘

50 d 1

Start 2.5 GHz Stop 3.8 GHz || )
Marker | ‘
No Type |Tre Stimulus Responsa Function Function Result =
1 b 1B 2,6 GHz -19.60 dBm
2 2N | 1 3.52 GHz =17.16 gBm |
3 M| 1 3.58 GHz -15.47 dBm |

Figure 36: Example multi-band non-contiguous spectrum allocation at band 7 (2.6 GHz) and at
3.5 GHz band (scenario 12 of Table 1) generated with a 2-path SMU.
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3.4.2 Generating a 3-band LTE-Advanced Signal in Non-Contiguous
Placement

A 3-band LTE-Advanced signal in non-contiguous placement requires 3 RF channels.
This can be arranged in the following ways:
a. Using 3 SMBV's combined with an external power combiner
b. Using an SMU with 2 RF channels and 2 baseband units and 1 SMBV
c. Using an SMU with 2 RF channels and 2 baseband units and an SMU with
1 RF channel and 1 baseband unit (as shown in Figure 37)

Each component carrier is generated using real-time modulation as described in
chapter 3.1.1. Trigger baseband A and B of signal generator 2 (lower SMU) by signal
Generator 1 (upper SMU) via its Marker 1 output similar to the description in chapter
3.2.

Signal Generator 1 SMU200A or SMBV100A

KT, Trigger
TE N

=@ oneE

Slgnél Generator 2 SMUZ200A (2 RF channels)

Signal Analyzer FSVIFSQ

3-way-combiner

B

Figure 37: Configuration for multi-band deployment scenarios 7 or 10 of Table 1. Three RF channels
are combined externally.
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No Type | Tre 1 Function Function Result | —‘:
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2 N[ 1 2-105 GHz -0.73 diim | ‘
3 3N 2.31 GHz -0.55 dBm | a

Figure 38: Example spectrum deployment scenario 7 of Table 1

1MA166_0Oe Rohde & Schwarz LTE-Advanced Signal Generation and -Analysis 29



LTE-Advanced Signal Generation with R&S Signal Generators

3.5 Overview: Recommended Arrangements for Signal
Generation

With one or more R&S signal generators every planned scenario of Table 1 can be
generated. Recommended arrangements are listed in Table 4.

Table 4: Recommended arrangements for generation of LTE-A signal scenarios acc. to Table 1

Dupl | Recommended Recommend
g’;g" E:n?;cl;r.:-eEl;? Bands for LTE-A | -ex arrangement arrangement
No. | carriers Sl :‘SOd' (Multi-carrier)
UL: Contiguous 2x20 UL: SMU with 2 baseband units | UL and DL: 1
1 MHz CCs 35 GHz band FDD DL_: 2 SMU with 2 baseband single Channel
DL: Contiguous 4x20 : < ban units SMU or SMBV
MHz CCs
Contiguous 5x20 1 SMU with 2 RF chan. ext. 1 SMBV
2 MHz CCs Band 40 (2.3 GHz) | TDD | copled
Contiguous 5x20 1 SMU with 2 RF chan. ext. 1 SMBV
3 MHz CCs 3.5 GHz band TDD | coupled
UL: Non-contiguous UL: 1 SMU with 2 BB& 2 RF 1 SMBV
20 + 20 MHz CCs chan. _
4 DL: Non-contiguous | 3.5 GHz band FDD | DL:2SMU with 2BB& 2 RF
2%20 + 2x20 MHz chan. ext coupled
CCs
UL/DL: Non- 1 SMU with 2 BB units and 1 RF | 1 SMBV or 1
5 contiguous 5 MHz + 5 | Band 8 (900 MHz) FDD | unit single channel
MHz CCs SMU
UL: 1 SMU with 2 BB& 2 RF 1 SMBV
Non-contiguous 2x20 chan.
6 + 2x20 MHz CCs Band 38 (2.6 GHz) | TDD | b5 MU with 2 BB& 2 RF
chan ext coupled
UL/DL: Non- 1 SMU with 2 BB units and 2 RF | --
contiguous 10 MHz Band 3 (1.8 GHz) units, 1 SMU with 1 BB units and
7 cc@Band 1 + 10 Band 1 (2.1 GHz) FDD | 1 RF units or 3 SMBV
MHz CC@Band 3 + Band 7 (2.6 GHz)
20 MHz CC@Band 7
8 Non-contiguous 1x15 | Band 1 (2.1 GHz) FDD 1 SMU with 2 BB units and 2RF | -
+ 1x15 MHz CCs Band 3 (1.8 GHz) units or 2 SMBV
UL/DL: Non- 1 SMU with 2 BB units and 2 RF | --
9 contiguous 10 MHz 800 MHz band FDD units or 2 SMBV
CC@UHF + 10 Band 8 (900 MHz)
MHz CC@Band 8
Non-contiguous 2x20 | Band 39 (1.8 GHz) L S.tMU v(\jm:'IhSZI\/?UB ”f,::sfgg 2 F."tF -
10 +10 + 2x20 MHz Band 34 (2.1 GHz) | TDD | o°7R¢ path w uni
CCs Band 40 (23 GHZ) or 3 SMBV
UL: 1 SMU with 1 BB unit and 1 1 SMBV or 1
UL: 1x20 MHz CCs RF unit or 1 SMBV single channel
" DL: 2x20 MHz CCs | Band 7 (2.6 GHz) | FDD | | "4 MU with 2 BB units and 2 | SMU
RF units or 2 SMBV
UL/DL: 20 MHz CCs UL: 1 SMU with 1 BB unitand 1 | --
@Band7 Band 7 (2.6 GHz) RF unit or 1 SMBV
. . ; an . z DL: 1 SMU with 2 BB units and 2
12 2D(|)‘;r ggnMﬁczmg%?g’ 3.5 GHz band FDD | RF units and 1 SMU with 1 BB
unit and 1 RF path or 3 SMBV
3.5 GHz band
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4 Signal Analysis with FSQ, FSG or FSV

The universal LTE analysis capabilities of FSQ, FSG and FSV are applicable also for
LTE release 8 compatible component carriers of LTE-Advanced signals. In the
following it is described how to configure the FSx accordingly.

4.1 Modulation Analysis of the Different Component
Carriers

With the EUTRA/LTE Analysis Software the different component carriers (each up to
20 MHz bandwidth) are analyzed separately by setting the center frequency to the
center of the LTE-Advanced component carrier to be analyzed. Thus all the
measurement functions of the EUTRA/LTE Analysis software are applicable. In the
following some measurement examples are shown.

In the measurement example of Figure 39 the constellation diagram of the component
carrier centered at 3.54 GHz is seen in the (upper) screen A of an FSV. Screen B
shows the signal level over time (capture buffer) and indicates also the Frame Start
Offset (duration of external trigger to frame start). This indication can be used to test or
to adjust the synchronous frame start of different component carriers.
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Constelation Diagram

Pointz Meas. 1
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Figure 39: The Frame Start Offset indication in screen B is useable to check or to adjust
synchronous timing of the different component carriers (via Marker delay of SMU).

The Result Summary table is displayed for I/Q measurements when the display mode
is set to LIST. This table shows the overall measurement results and optionally
provides limit checking for EVM values in accordance with the selected standard, see

Figure 40.
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Subframns ALL
Symbol: Meas. 140

Figure 40: The Result Summary Table shows overall IQ measurement results and optionally provides
EVM limit checking in accordance with the selected standard.

The EVM vs. Carrier display shows the EVM of each carrier, averaged over all
available OFDM symbols (Screen A of Figure 41).

The EVM vs. Symbol display shows the EVM of each symbol, averaged over all OFDM
data carriers. The results are displayed on a per-symbol basis. (Screen B of Figure
41).
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Figure 41: In screen A (upper) EVM vs Carrier, in screen B (lower) EVM vs. symbols is shown.
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Screen A of Figure 42 shows the Symbol Allocation Summary, screen B shows the
channel flatness.

Rohde & Sohwarz EUTRA/LTE Analysis Software Version 2.3 5P 1

Power per

Modulation RE [dBm]

Channel Flatness Mavsmum [ Mz Selechon Anlerna 1

Minimum

Figure 42: In screen A (upper) the allocation table, in screen B (lower) the channel flatness is shown.
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4.2 ACLR-Test with Configurable Multi-carrier ACLR
Measurement Function

The LTE - ACLR measurement function of FSx is easily configurable also for
contiguously or non-contiguously placed LTE-Advanced signals. Within the Channel
Power/ACLR function switch on the EUTRA/LTE Square standard. Change the
Number of TX Channels and Channel Settings accordingly (Number of TX Channels:
4, Channel Bandwidth: TX1: 18.015 MHz, ADJ: 18.015 MHz, Channel Spacing: 20
MHz) for a configuration as described in chapter 3.3.1. See measurement examples of
FSQ (Figure 43) and FSV (Figure 44).

*RBW 100 kHz
* VBW 1 MHz

Ref -10 dBm *Att 15 dB *SWT 1 s
o |
-30 Il!
-40
CLRWRY il
-60
-70
_ 1 : NOR
o [viedrims wwwwwmww
=100 3DB
Center 3.54 GHz 16 MHz/ Span 160 MHz
Standard: E-UTRA/LTE Square Adjacent Channel
Tx Channels Lower -54.88 dB
Upper -54.96 dB
Chl ren -7.26 dBm
Alternate Channel
Chz -7.20 dBm Lower -57.11 dB
Ch3 -7.23 dBm Upper -57.44 dB
Ch4 -7.28 dBm
Total -1.22 dBm

Figure 43: Multi-carrier ACLR measurement of FSx on an LTE-Advanced signal (4 component carriers
each with 20 MHz bandwidth created in Multi-carrier Arbitrary Waveform mode with an SMU)
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Spectrum | WIMAX ) |:%1'

Ref Level -1.96 dBm @ RBW 100 kHz
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NCOR @ 1Rm Clrw

-10 dBm

-20 dBm

-30 dem

-40 dBm

-50 dBrmi

-60 dBm

=70 dBm

-80 dem il

e M e T
GF 3.54 GHz Span 165.0 MHz
EUTRA/LTE Square

| Channel Bandwidth Offset Power

Txl (Ref) 18.015 MHz -7.40 dBm

Tuz2 18.015 MHz 20,000 MHz -7.31 dBm

T3 18.015 MHz 20,000 MHz -7.37 dBm

Txd 18.015 MHz 20.000 MHz -7.37 dBm

Tx Total -1.34 dBm

Channel Bandwidth Offset Lower Upper
Adj 18.015 MHz 20,000 MHz -E54.27 dB -E4.55 dB
Alt01 18.015 MHz 40,000 MHz -56,19 dB -E6.55 dB
1 ] QU G

Figure 44: Measurement like in Figure 43 but with an FSV
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4.3 Test of Operating Band Unwanted Emissions
(Spectrum Emission Mask)

The measurement of unwanted emissions in the operating band (spectrum emission
mask) is also configurable for LTE-Advanced signals. Figure 45 shows the test of
Operating Band Unwanted Emissions (Spectrum Emission Mask) on an LTE-Advanced
signal containing 4 x 20 MHz component carriers with an FSV. The example emission
mask (BW_4x20MHzhigher1GHZ.XML) included in this application note was generated
by modifying the file BW_20_0_MHz_CFhigher1GHz.xml (Category B).

In order to use it copy the file to the directory
C:\R_S\INSTR\sem_std\LTE\DL\CategoryB on the instrument and activate it by
pressing the Load Standard softkey.

Spectrum [? " Remote
—
Ref Level 40.00 dEm  Offset 40,00 dB Made Auto Sweep
@ 1°m Clrw ‘
Lt Check pAss L
an n't w2l ——— %
20 dBim ‘
10 dfir it l T u..l e |1.'ru“--"-o+ - ‘_
0 da
'| 1 | - J
-10 dém — | .
! | k
20 d8 I . - ! |
f | « —
40 dBm oLl ‘
50 dby play
LIE:Iula
CF .54 GHz Span 160.0 MHz ) (L0l 0
Standard; BW_4xI0OMHzhigher1GHZ i
Tw Power 31.54 dBm Tu Bandwidth 20,000 MHz REW 100.000 kHz Local
| Range Low [ Range Up REW Fraguency Power Abs | Power Rel ALimit <
-80,000 MHz | -50.050 MHz | 1,000 MHz 348 z | -29.75dsm | -61.2008 [ -14.35de ||
-50,050 MHz | -45.050 MHz | 100,000 kHz 3.49483 GHz | -39.98 dBm =71,52 dB -26.71 d& ‘
45,050 MHz | -40,050 MHz |100.000 kHz 3.40083 GHz2 | -23.10 dBm -54.64 dB -17.37 dB. § ' L
| 40.050 MHz | 45.050 MHz | 100.000 kHz 3.58005 GHz | -25.16 dBm -56.70 dB =15.66 dB
45,050 MHz | 50.080 MHz 100,000 kHz 3.58660 GHz | -37.44 dim 6898 dBb -24.94 d8 |
| 50.050 MHz | 80,000 MHz 1,000 MHz 3.58133 GHz | -28.66 dBm ~60,20 dB -13.66 dB &

. 4 - “

Figure 45: Spectrum emission mask measurement with an FSV on a contiguously placed LTE-
Advanced signal (4 x 20 MHz component carriers) generated by an SMU
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6 Additional Information

This Application Note is subject to improvements and extensions. Please visit our
website in order to download new versions. Please send any comments or suggestions

about this Application Note to TM-Applications@rohde-schwarz.com.
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Ordering Information

[ Ordering Information

Vector Signal Generator

SMU200A 1141.2005.02
SMU-B10 Baseband Generator 1141.7007.02
SMU-B13 Baseband Main Module 1141.8003.04
SMU-B14 Fading Simulator 1160.1800.02
SMU-B10x 1% RF path
SMU-B20x 2nd RF path
SMU-B17 Baseband Input 1142.2880.02
SMU-K55 Digital Standard LTE/EUTRA 1408.7310.02
SMBV100A 1407.6004.02
SMBV-B106 RF 9 kHz — 6 GHz 1407.9703.02
SMBV-B10 Baseband Generator with Digital 407.8907.02
Modulation (real-time) and ARB
(32 Msample), 120 MHz RF BW
SMBV-K18 Digital Baseband Connectivity 1415.8002.02
Baseband Signal Generator
AMU200A 1402.4090.02
AMU-B10 Baseband Generator with ARB 1402.5300.02
AMU-B13 Baseband Main Module 1402.5500.02
AMU-B18 Digital 1Q output 1402.6006.02
AMU-K252 Digital Standard EUTRA/LTE 1402.9457.02
Signal Analyzers
FsQ Up to 3, 8, 26, 31 or 40 GHz 1155.5001.xx
FSG Up to 8 or 13 GHz 1309.0002.xx
FSV Up to 3, 7, 13, 30, 40 GHz 1307.9002.xx
FSx-K100 EUTRA/LTE Downlink 1308.9006.02
FSx-K104 EUTRA/LTE Downlink, TDD 1309.9422.02

xx stands for the different frequency ranges (e.g. 1155.5001.26 up to 26 GHz)

Note: Available options are not listed in detail. Please contact your local Rohde &
Schwarz sales office for further assistance.
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Environmental commitment

e Energy-efficient products

e Continuous improvement in
environmental sustainability

e [SO 14001-certified environmental
management system

Certified Quality System

IS0 9001

Regional contact

USA & Canada

USA: 1-888-TEST-RSA (1-888-837-8772)
from outside USA: +1 410 910 7800
CustomerSupport@rohde-schwarz.com

East Asia
+65 65 13 04 88
CustomerSupport@rohde-schwarz.com

Rest of the World
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CustomerSupport@rohde-schwarz.com
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