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Introduction

LTE-Advanced is specified as part of Release 10 of the 3GPP specifications and
is now approved for 4G IMT-Advanced. This application note introduces key
LTE-Advanced techniques, as well as how to use the Agilent SystemVue W1918
LTE-Advanced library to generate various downlink (DL) orthogonal frequency-
division multiple access (OFDMA) and uplink (UL) clustered DFT-spread-OFDM
(DFT-S-OFDM) signal sources with MIMO, and to measure closed-loop through-
put.

This application note also introduces LTE-Advanced enhancements to the
MIMO channel models, which are available as simulation model set called the
W1715 SystemVue MIMO channel builder. This optional model set facilitates
simulation-based MIMO over-the-air (OTA) testing using real, observed antenna
patterns and standard MIMO fading models, and overcomes a key challenge for
8-layer MIMO system analysis and verification.
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LTE Overview

The LTE Release 8 downlink (DL) adopts orthogonal frequency-division

multiplexing (OFDM) as its radio transmission scheme. The OFDM technique
simplifies the receiver baseband processing to reduce terminal cost and
power consumption. This is especially important taking into account the

wide transmission bandwidths of LTE and even more so in combination with
advanced DL multi-antenna transmission such as spatial multiplexing. The
Release 8 uplink (UL) adopts DFT-S-OFDM, or Single-Carrier FDMA as its radio
transmission scheme. SC-FDMA has smaller peak-to-average-power ratio
(PAPR) than regular OFDM, thus enabling less-complex and/or higher-power

terminals. Table 1 lists the major parameters of Release 8.

Table 1. Release 8 major parameters

Access scheme DL OFDMA
uL SC-FDMA
Bandwidth 14,3,5,10, 15, 20 MHz
Minimum TTI 1ms
Subcarrier spacing 15 kHz
Cyclic prefix length Short 4.7 us
Long 16.7 us

Modulation

QPSK, 16-QAM, 64-QAM

Spatial multiplexing

Single layer for UL per UE

Up to 4 layers for DL per UE

MU-MIMO supported for UL and DL




Figure 3(a) shows the processing structure for the UL-SCH transport channel.
Data arrives to the coding unit in the form of a maximum of one transport block
every TTI. The following coding steps can be identified as:

» add CRC to the transport block;

»  code block segmentation and code block CRC attachment;
» channel coding of data and control information;

* rate matching;

* code block concatenation;

*  multiplexing of data and control information; and

* channel interleaver.

The baseband signal representing the physical UL shared channel is defined in
terms of the following steps (Figure 3(b)):

*  scrambling;

*  modulation of scrambled bits to generate complex-valued symbols;

»  transform precoding to generate complex-valued symbols;

*  mapping of complex-valued symbols to resource elements; and

» generation of complex-valued time-domain SC-FDMA signals for each
antenna port.
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Figure 3. Uplink channel coding (TS 36.212) and physical channel processing (TS36.211) [ref 3,4, 16]



LTE supports system bandwidth from as small as 1.4 MHz up to 20 MHz, where
the latter is needed to provide the highest data rates. LTE has the ability to use
different UL and DL bandwidths, allowing spectrum usage tailored to different
applications and regulatory requirements. LTE can operate in either paired or
unpaired spectrum by supporting both Frequency-Division Duplex (FDD) and
Time-Division Duplex (TDD) operation, using a single radio-access technology.
Figure 1 shows the LTE frame structure for both FDD and TDD [14].

In the case of FDD, one carrier frequency is used for the uplink transmission (f,)
and another carrier frequency for the downlink (7). During a given LTE frame,
UL and DL transmission can occur simultaneously within a cell, for any of 10
subframes of both UL or DL.

For TDD operation, there is only one carrier frequency, so UL and DL transmis-
sions are always separated in time, as well as on a cell by cell basis. The guard
period required for TDD operation is created by splitting one or two of the ten
subframes in each radio frame into three special fields: a DL part (DwPTS), a
guard period, and an UL part (UpPTS). The lengths of these special fields are
configurable to allow for different deployment scenarios.
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Figure 1. LTE FDD/TDD frame structure (Parkvall & Astely, pp 148 [14])

Multi-antenna transmission is a key feature in LTE Release 8. LTE supports the
following 8 “transmission modes”, which are detailed in [15]. LTE-Advanced
(Release 10) further introduces a Mode 9, discussed in a later section.

Mode 1: Single antenna port, port 0

Mode 2: Transmit diversity

Mode 3: Large-delay CDD

Mode 4: Closed-loop spatial multiplexing

Mode 5: MU-MIMO

Mode 6: Closed-loop spatial multiplexing, single layer

Mode 7: Single antenna port, UE-specific RS (port 5)

Mode 8: Single or dual-layer transmission with UE-specific RS (ports 7 and/or 8)
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Figure 2(a) shows the processing structure for each transport block for the
DL-SCH transport channels. Data arrives to the coding unit in the form of a
maximum of two transport blocks every transmission time interval (TTI). The
following coding steps can be identified for each transport block:

« add CRC to the transport block;

» code block segmentation and code block CRC attachment;
 channel coding;

* rate matching; and

» code block concatenation.

The baseband signal representing a DL physical channel is defined in terms of
the following steps:
+ scrambling of coded bits in each of the codewords to be transmitted on a

physical channel;

* modulation of scrambled bits to generate complex-valued modulation sym-

bols;

* mapping of the complex-valued modulation symbols onto one or several
transmission layers;

« precoding of the complex-valued modulation symbols on each layer for trans-
mission on the antenna ports;

» mapping of complex-valued modulation symbols for each antenna port to
resource elements; and

+ generation of complex-valued time-domain OFDM signals for each antenna

port.

Figure 2(b) is the DL structure of physical channel processing.
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Figure 2. Downlink channel coding (TS 36.212) and physical channel processing (TS36.211) [ref 3,4, 16]



LTE-Advanced Requirements

The work by 3GPP to define a 4G radio interface technology candidate started
in Release 9 with the study phase for LTE-Advanced. The requirements for
LTE-Advanced are defined in 3GPP Technical Report (TR) 36.913, “Requirements
for Further Advancements for E-UTRA (LTE-Advanced).” Major technical consid-
erations include the following:

 Continual improvement to the LTE radio technology and architecture.

+ Scenarios and performance requirements for interworking with legacy radio
access technologies.

» Backward compatibility of LTE-Advanced with LTE. An LTE terminal should be
able to work in an LTE-Advanced network and vice versa. Any exceptions will
be considered by 3GPP.

» Advanced E-UTRA and Advanced E-UTRAN shall meet or exceed IMT-
Advanced requirements.

Table 2 compares the spectral efficiency targets for LTE, LTE-Advanced and
IMT-Advanced. Note that the peak rates for LTE-Advanced are substantially
higher than the 4G requirements, which highlights a desire to increase peak
performance in 4G LTE, although the average performance targets are closer to
ITU requirements. It is worth noting that peak performance is often easier to
demonstrate than average performance, because it only has to be met under
ideal circumstances.

Table 2. Performance targets for LTE, LTE-Advanced and IMT-Advanced

Performance indicators LTE ITU-Advanced LTE-Advanced
Release 8 Release 10
Peak data rate DL 300 Mbps 1 Gbps
uL 75 Mbps 500 Mbps
Peak spectrum efficiency DL 15 [bps/Hz] 15 [bps/Hz] 30 [bps/Hz]
[bps/Hz] uL 3.75 [bps/Hz] 6.75 [bps/Hz] 15 [bps/Hz]
Control plane latency <100 ms 100 ms <bh0ms
User plane latency <5ms 10 ms <Rel -8 LTE
Scalable bandwidth support Up to 20 MHz Up to 40 MHz Up to 100 MHz
VolP capacity 200 Active users per  Up to 200 UEs per 3 times higher than that
cell in 5 MHz cell in 5 MHz in LTE
Cell spectrum efficiency DL 2x2  1.69 24
4x2  1.87 2.6 2.6
x4 2.67 3.7
uL 1x2  0.735 12
2x4 - 2
Cell edge spectrum DL 2x2  0.05 0.07
efficiency 4x2  0.06 0.075 0.09
4x4  0.08 0.12
UL 1x2  0.024 0.04
x4 - 0.07




LTE-Advanced: New Features

Carrier Aggregation (CA)

The new features of LTE-Advanced consist of both enhancements to LTE
Release 8/9, as well as newer emerging technologies. Proposed solutions for
achieving the performance targets for the LTE-Advanced radio interface are
defined in 3GPP TR 36.814, “Further Advancements for E-UTRA Physical Layer
Aspects.”

Enhancements relative to LTE
Release 8/9 Emerging technologies

+ Carrier aggregation (CA) * Relaying (multi-hop transmission)

o Contiguous and non-contiguous * Coordinated multipoint transmis-

o Control channel design for UL/ sion and reception (CoMP)

DL + Support for heterogeneous net-
* Enhanced DL multiple access works
scheme * LTE self-optimizing networks (SON)
* Enhanced UL multiple access + HNB and HeNB mobility enhance-
scheme (Clustered SC-FDMA) ments

+ Enhanced DL MIMO transmission  + CPE RF requirements
» Enhanced UL MIMO transmission

Several items in the emerging technologies section (above) are beyond the
scope of LTE Release 10. In this application note, we only describe the LTE-
Advanced features that are enhancements to Release 8/9, as implemented in
the SystemVue W1918 LTE-Advanced library.

LTE Release 8 provides extensive support for deployment in a variety of spec-
trum allocations, ranging from 1.4 MHz to 20 MHz, in both paired and unpaired
bands. Beyond 20 MHz, the only reasonable way to achieve LTE-Advanced'’s
highest target peak-throughput rates is to increase the transmission bandwidth,
relative to Release 8. Therefore, LTE-Advanced specifies spectrum allocations of
up to 100 MHz using “carrier aggregation”, where multiple component carriers
are combined to provide the necessary bandwidth. It is possible to configure

all component carriers that are LTE Release 8 compatible, at least when the
aggregated numbers of component carriers in the UL and the DL are the same.
However, not all component carriers are necessarily Release 8 compatible.
Figure 4 shows carrier aggregation with contiguous carrier components and
with non-contiguous carrier components.
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Figure 4. Carrier aggregation (CA), with contiguous and non-contiguous carrier allocations

To insure the backward compatibility of eNB resource allocations, only minimum
changes are required in the specifications if the scheduling, MIMO, Link
Adaptation and HARQ are all performed in carrier groupings of 20MHz. For
example, a user receiving information in the 100MHz bandwidth will need 5
receiver chains, one per each 20MHz block. Carrier aggregation is supported

for both con—tiguous and non-contiguous component carriers, with each
component carrier limited to a maximum of 110 Resource Blocks (RB) in the
frequency domain (using LTE Release 8 numbering). It is possible to con-figure
a UE to aggregate a different number of component carriers originating from the
same eNB and possibly different bandwidths in the UL and the DL. Of course, in
typical TDD deployments, the number of component carriers and the bandwidth
of each component carrier in UL and DL will be the same.

The center frequency spacing of contiguously aggregated component carriers
is in multiples of 300kHz. This is in order to be compatible with the 100 kHz fre-
quency increments of Release 8 while at the same time preserving the orthogo-
nality of subcarriers with a 15 kHz spacing. Depending on the aggregation
scenario, the N*300kHz spacing can be achieved by inserting a small number of
unused subcarriers between contiguous component carriers.



Enhanced Downlink Multiple Access

In order to support carrier aggregation in the basestation (eNB), the DL should
be updated. The DL uses OFDMA with a component carrier (CC) based structure.
Figure 5 shows DL carrier aggregation with 4 contiguous carrier components. In
DL multiple access, one transport block is mapped within one CC and parallel-
type transmission for multi-CC transmission.

Transport Transport Transport Transport
block 1 block 2 block 3 block 4
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Figure 5. Carrier allocation in contiguous DL carrier aggregation [15]

This structure is in good alignment with Release 8 specifications; meanwhile,
cross-carrier scheduling is also possible, where PDCCH on one carrier can relate
to data on another carrier. DL control channels (such as PDCCH, PCFICH, and
PHICH) are updated to support cross-carrier scheduling.

Cross-carrier scheduling can be configured on a per UE basis (as opposed to
system-specific, or cell-specific basis) by adding a Carrier Indicator Field (CIF) to
DCI.

The CIF is a fixed 3-bit field. Its location is fixed irrespective of DCI format
size, if it is configured, and if the configuration is UE specific (e.g., also not
system-specific or cell-specific). CIF always supports cross-carrier scheduling
for DCl format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in the UE-specific search space. It is
not included in DCI format 0, 1A in the common search space when the CRC is
scrambled by C-RNTI/SPS CRNTI.



Enhanced Uplink Multiple Access

The basic UL transmission scheme is single-carrier transmission (SC-FDMA)
with a cyclic prefix to achieve inter-user uplink orthogonality and to enable
efficient receiver-side equalization in the frequency domain. Frequency-domain
generation of the signal, sometimes known as DFT-S-OFDM, is assumed and
illustrated in Figure 6. This allows for a relatively high degree of commonality
with the LTE DL OFDM scheme and the same parameters (such as clock fre-
quency) can be reused.

> Sub- P cP ;
» DFT » | carier | 8 IFFT ™ insertion
» Mapping g

Figure 6. Transmitter scheme for SC-FDMA

LTE-Advanced enhances the UL multiple access scheme by adopting clustered
DFT-S_OFDM. This scheme is similar to SC-FDMA but has the advantage that

it allows non-contiguous (clustered) groups of subcarriers to be allocated for
transmission by a single UE. This enables UL frequency-selective scheduling
and better link performance. Clustered DFT-S-OFDM was chosen in preference
to pure OFDM to avoid a significant increase in PAPR. It helps satisfy the
requirement for increased UL spectral efficiency, while maintaining backward-
compatibility with LTE. Please note that the only difference between SC-FDMA
and clustered DFT-S-OFDM is in the subcarrier mapping block shown in Figure 6.

The subcarrier mapping of SC-FDMA determines which part of the spectrum is
used for transmission by inserting a suitable number of zeros at the upper and/
or lower end in Figure 8.

from to IFFT

DFT '

" -

LU

l.--------------

Figure 7. Subcarrier mapping for SC-FDMA

LTE Release 8 adopts contiguous PRB allocation (Figure 7). The number of
allocated PRBs for a given user in a given subframe is expressed in multiples of
2, 3 and 5 for low complexity DFT implementation. Moreover, PUSCH and PUCCH
cannot be transmitted simultaneously in LTE Release 8/9.

10



Figure 8 shows a diagram of subcarrier mapping between DFT and IFFT for
clustered DFT-S-OFDM (LTE-Advanced). We can see non-contiguous subcarrier
allocation is supported in clustered DFT-S-OFDM. In contrast, SC-FDMA sup-
ports contiguous subcarrier allocation. Clustered SC-FDMA transmission can
provide more flexible scheduling than SC-FDMA in LTE.
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Figure 8. Mapping function of clustered SC-FDMA

In Release 10, UL provides hybrid multiple access of clustered DFT-S-OFDM
and SC-FDMA to support contiguous and non-contiguous resource allocation.
This hybrid multiple access enhances the flexibility and efficiency of resource
allocation. It can be dynamically switched between Release 8 single cluster
transmission and LTE Release 10 clustered transmission. Moreover, simultane-
ous PUCCH and PUSCH transmission will be supported in LTE-Advanced.

In order to reach the 500-Mb/s peak data rate for UL, while maintaining LTE's
backward compatibility, LTE-Advanced adopts parallel multi-component carriers
(CC) transmission to achieve wider bandwidth; something that was introduced
in the previous carrier aggregation section. The UL bandwidth can be up to 100
MHz and there are up to five CCs in one UE. Figure 9 illustrates an example of
UL with two contiguous CCs.

PUCCH

CC i CC
Figure 9. Two contiguous CCs in UE
"



From a UE perspective, there is only one transport block in LTE-Advanced (in the
absence of spatial multiplexing) and one hybrid-ARQ entity per scheduled com-
ponent carrier. Each transport block is mapped to a single component carrier. Of
course, a UE may be scheduled over multiple component carriers simultaneously
using carrier aggregation. Figure 10 shows an example of UL with four transport
blocks.

Transport Transport Transport Transport
block 1 block 2 block 3 block 4
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/\ /\ /\.

@ @

&
*

CC1 20MHz CC2 20MHz " CC420MHz

-} >
One UE

Figure 10. Four transport blocks CCs in one UE

When UL has several (up to 5) parallel multi-component carriers, there is one
DFT per each component carrier for PUSCH transmission (see Figure 10) and
the PUSCH transmission supports spatial multiplexing. There are also two types
of resource allocations (frequency-contiguous and frequency non-contiguous)
for PUSCH. In Figure 10, each transport block (1,2,3 or 4) can adopt clustered
DFT-S-OFDM (non-contiguous subcarrier allocation) or SC-FDMA (contiguous
subcarrier allocation, the same as the LTE UL).



The physical UL control channel, PUCCH, carries UL control information. There
are six PUCCH formats (1/1a/1b/2/2a/2b) supported in Release 8. Formats 2a
and 2b are supported for normal cyclic prefix only. In addition to the six PUCCH
formats (1/1a/1b/2/2a/2b), LTE-Advanced has a new format 3 to convey a
large number of ACK/NACK bits.

Table 3. Supported Physical UL Control Channel (PUCCH) formats

PUCCH format Modulation scheme  Number of bits per subframe,

1 N/A N/A
1a BPSK 1

1b QPSK 2

2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22

3 QPSK 48

All ACK/NACK for a UE can be transmitted on PUCCH in the absence of PUSCH
transmission. A single UE-specific UL CC is configured semi-statically for carry-
ing PUCCH ACK/NACK. This method is used for assigning PUCCH resource(s)
for a UE on the above single UL carrier in the case of carrier aggregation. In
addition to ACK/NACK, a single UE-specific UL CC is configured semi-statically
for carrying PUCCH SR and periodic CSI from a UE. Both simultaneous ACK/
NACK on PUCCH transmission from 1 UE on multiple UL CCs and multiple simul-
taneous PUCCH transmission for ACK/NACK in multiple non-adjacent PRBs are
not supported in LTE-A.

There are, at maximum, 10 ACK/NACK bits supported in the FDD system and
an ACK/NACK payload size of up to 20 bits supported in the TDD system. When
considering utilization of bundling, note that the FDD system does not support
any carrier-domain bundling or spatial-domain bundling. TDD supports some
bundling schemes (time-domain bundling or carrier-domain bundling) together
with spatial domain bundling.

PUCCH format 1a/1b in Release 8 can support up to 2 ACK/NACK bits and
PUCCH format 1b with channel selection can support up to 4 ACK/NACK bits.
The new PUCCH format (PUCCH format 3) is introduced to support a larger
number of ACK/NACK bits, which is based on DFT-S-OFDM.

The time and frequency resources that can be used by the UE to report CQl, PMI
and Rl are controlled by the eNB. CQl, PMI and Rl reporting is periodic or aperi-
odic. A UE transmits periodic CQl/PMI, or Rl reporting on PUCCH in subframes
with no PUSCH allocation. A UE transmits periodic CQl/PMI or Rl reporting

on PUSCH in subframes with PUSCH allocation, where the UE uses the same
PUCCH-based periodic CQl/PMI or Rl reporting format on PUSCH.

A UE transmits aperiodic CQl/PMI and Rl reporting on PUSCH if the conditions
specified are met. For aperiodic CQl reporting, Rl reporting is transmitted only if
configured CQl/PMI/RI feedback type supports Rl reporting. The CQl transmis-
sions on PUCCH and PUSCH for various scheduling modes are summarized in
Table 4.



Table 4. Physical channels for aperiodic or periodic CQl reporting

Scheduling Mode Periodic CQl Aperiodic CQl
reporting channels  reporting channels

Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

When the UL supports multi-component carriers in LTE-Advanced, we need

to consider multiple CQls on a single component carrier, multiple resources
transmission joint coding and TDM to report CQl/PMI/RI in periodic PUCCH or
aperiodic PUSCH. Note that at the time of this writing, the decision as to which
enhanced UL features will make it into the Release 10 specifications is still
under discussion.

Figure 11(a) shows the processing structure for the UL-SCH transport channel
on one UL cell. Data arrives to the coding unit in the form of a maximum of two
transport blocks every TTI per UL cell. The following coding steps can be identi-
fied for each transport block of the UL cell:

+ add CRC to the transport block;

 code block segmentation and code block CRC attachment;
+ channel coding of data and control information;

* rate matching;

* code block concatenation;

+ multiplexing of data and control information; and

» channel interleaver.

Figure 11(b) shows the baseband signal processing of UL_SCH in LTE _
Advanced. The baseband signal representing the physical UL shared channel is
defined in terms of the following steps:

* scrambling;
» modulation of scrambled bits to generate complex-valued symbols;

» mapping of the complex-valued modulation symbols onto one or several
transmission layers;

+ transform precoding to generate complex-valued symbols;
 precoding of the complex-valued symbols;
* mapping of precoded complex-valued symbols to resource elements; and

+ generation of complex-valued time-domain SC-FDMA signals for each
antenna port.
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Figure 11. Uplink channel coding (TS 36.212) and physical channel processing (TS36.211) [ref 3,4, 16]

Comparing Figures 3 and 11, we can see the difference in the channel coding
and physical channel processing between LTE and LTE-Advanced.



Enhanced Downlink MIMO Transmission

In addition to wider bandwidth, LTE-Advanced is also expected to provide higher
data rates and improved system performance. It will do this by further extend-
ing the support for multi-antenna transmission compared to the first release

of LTE. For the DL, up to eight layers can be transmitted using an 8x8 antenna
configuration. This allows for a peak spectral efficiency exceeding the require-
ment of 30 bits/s/Hz and implies a possibility for data rates beyond 1 Gbit/s in
a 40-MHz bandwidth and even higher data rates with wider bandwidth. First, let
us introduce the five types of DL reference signals are defined in Release 10.
They include:

1. cell-specific reference signals (CRS);

2. MBSFN reference signals;

3. UE-specific reference signals (DMRS);
4. positioning reference signals (PRS); and

5. CSl reference signals (CSI-RS);

Cell-specific RS is transmitted in each physical antenna port. It is used for both
demodulation and measurement purpose. Its pattern design ensures channel
estimation accuracy. LTE-Advanced eNB should always support LTE UE as well.
This CRS is also used for LTE-Advanced UEs to detect PCFICH, PHICH, PDCCH,
PBCH, and PDSCH (transmit diversity only).

UE-specific reference signals are supported for transmission of PDSCH and are
transmitted on antenna port(s), , or , where is the number of layers used for
transmission of the PDSCH. UE-specific DMRS can be precoded, and supports
non-codebook-based precoding. It will enable application of enhanced multi-user
beamforming, such as zero forcing (ZF) for 4x2 MIMO. The DMRS pattern for
higher numbers of layers is extended from a 2-layer format for transmission
mode 8 in Release 9.

The CSI reference signal is transmitted in each physical antenna port or virtual-
ized antenna port and is used for measurement purposes only. Its channel
estimation accuracy can be relatively lower than DMRS.

In Release 8, CRS is used for both demodulation and measurement. According to
CRS, precoding information can be informed to a UE, physical antenna ports can
be seen by a UE and CRS power boosting is necessary for supporting various
type of geometry UE. The LTE DL MIMO transmission is based on CRS. Figure 12
shows the CRS-based structure.

CRS,
l Resource
element mapper
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PP Resource
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Figure 12. CRS-based MIMQ scheme in LTE



In LTE-Advanced, DL MIMO transmission is based on DMRS. Figure 13 shows
the DMRS-based structure. Here, DMRS is used for demodulation and CSI-RS

is used for measurement, respectively. Precoding information is not needed for
demodulation. Virtual antenna ports (stream) can be seen by a UE. Precoding
gain can be exploited for channel estimation and DMRS power boosting may not
be needed.

DM-RS, CRI-RS,
1 1 Resource
= “| element mapper
Layer . .
A Precoding i
PP Resource
T T element mapper
DM-RS,,.; CRI-RS,

Figure 13. DMIRS-based MIMO scheme in LTE-Advanced

(Release 8 supports eight transmission modes, previously introduced in the “LTE
Overview" introduction. LTE-Advanced adds a new transmission Mode 9 “multi-
layer transmission mode” to support closed-loop SU-MIMO up to rank 8. In this
mode, Release 10 DMRS will be used for demodulation and it can support up to
eight-layer transmission. The precoder index is not necessary to inform and the
DL precoder is not specified. Consequently, flexible precoder usage is possible
in the eNB design due to the precoded DMRS based transmission. In order to
support Mode 9 transmission, the DCI format 2C is defined.

LTE Release 10 also reuses the Release 8 transmit diversity (TD) scheme with
cell-specific reference signals (CRS) in a normal subframe to keep backwards
compatibility.

Corresponding to the LTE-Advanced DL MIMO upgrade, the feedback (CQl/PMI/
RI) also must be updated.



Enhanced Uplink MIMO Transmission

LTE-Advanced will include spatial multiplexing of up to four layers for the UL.
With four-layer transmission in the UL, a peak UL spectral efficiency exceeding
15 bits/s/Hz can be achieved. Many of the techniques employed for DL spatial
multiplexing are already in Release 8. For example, codebook-based and non-
codebook-based channel-dependent precoding can be considered to not only
enhance peak rates, but also cell-edge data rates.

In UL spatial multiplexing mode, codeword-to-layer mapping is same as the DL
codeword-to-layer mapping for 2 TX and 4 TX defined in Release 8. The code-
book design is based on precoding. There is an independent codebook design
for different ranks and a single wideband TPMI per UL component carrier.

The codebook size of 2 transmit antennas is less than 8 and there is a 3-bit
codebook for 2 TX. The codebook size of 4 transmit antennas is less than 64 and
there is a 6-bit codebook for 4 TX.

For UL spatial multiplexing with two transmit antennas, the 3-bit precoding
codebook is defined in Table 5. The codebook size of Rank 1 (v=1) is 6 and of
Rank 2 (v=2) is 1. Note that the codebook index 4 and 5 of Rank 1 are antenna
selection precoders.

Table 5. Codebook for 2 transmission antennas

V= Number of layers
V=1 V=2

: B
2 |
1 -1-




For UL spatial multiplexing with four transmit antennas, a 6-bit precoding codebook is used. The subset of the precoding
codebook used for Rank-1 (1-layer) transmission is defined in Table 6. The codebook size of Rank 1 (v=1) is 24. Note that
the codebook indexes from 16 to 23 are antenna selection precoders and indexes from 0 to 15 are constant modulus.

Table 6. Codebook for 4 transmission antennas with Rank-1 (V =1)

Codebook Number of layers V =1
Index
1 (1] 1 1 1 1 1 (1]
0-7 A | a A A A1 A0 Al
2 |1 2 |1 2 |- 2 | 2 |1 2 |1 2 |1 2 |
1 N | -1 j j -1 ! 1
1 1] 1 1 1 1] 1 1
8.15 N LI [ Y R B LI I B I B R N N
2 |1 2 | 2 |- 2 | 2 |1 2 | 2 |- 2 |
1 ! 1 i ] -1 ] 1
1 1 1 1 0 0 0] 0
110 110 110 110 1 11 111 111 1 11
16 - 23 —_ — —_ —_ —_ —_ —_ —_
2 |1 2 |- 2 | 2 |- 2 |0 210 2 |0 2 |-0
0 1 0 0 0 1 -1 i ]

The baseline for the subset of the precoding codebook used for Rank-2 transmission is defined in Table 7. The codebook
size of Rank 2 (v=2) is 16 and the codebook is CM-preserving matrices and QPSK alphabet.

Table 7. Codebook for 4 transmission antennas with Rank-2 (V = 2)

Codebook Number of layers V = 2
Index

1 0] 10 1 0] 10
0.3 1o o g0 g0
’ 2 101 2 10 1 2 10 1 2 10 1
0 -] 0 j 0 1) 10 -1
1 0] 1 0] 1 0] 1 0]
4-7 1|1 Ao 1o i o0
2 10 1 2 10 1 2 10 1 2 10 1
0 -] 0 | 0 1) 0 -1
10 10 10 10
8-11 S Ljon 1 jo1 1o
2 110 2110 2 110 2 110
0 1 0 -1 0 1 0 -1
10 10 10 10
1 ]on A jo 1 1 jo A jo 1
12:18 2 [0 1 2 10 -1 2 [0 1 2 10 -1
10 10 10 10

The subset of the precoding codebook used for Rank-3 (3-layer) transmission is defined in Table 8. The codebook size of
Rank 3 (v=3) is 12. The codebook is CM-preserving matrices and BPSK alphabet.



Table 8. Codebook for 4 transmission antennas with Rank-3 (V = 3)

Codebook Number of layers V = 3
Index
10 0] (1 0 0] 10 0] 10 0]
11100 11100 11010 1T]lo10
0-3 2 (0 10 21010 21100 2 [-100
00 1] 00 1] 00 1] 00 1]
10 0] (1 0 0] 01 0] 01 0]
11010 11010 11100 11100
4.7 2 10 0 1 2 10 0 1 21100 2 1-10 0
10 0] 10 0] 00 1] 00 1]
01 0] [0 1 0] 01 0] 01 0]
611 11100 11100 1100 1 1100 1
2 100 1 210 0 1 21100 2 1100
10 0] -1 0 0] 10 0] -1 0 -0

The precoding codebook used for Rank-4 (4-layer) transmission is a single identity matrix, as shown in Table 9.

Table 9. Codebook for 4 transmission antennas with Rank-4 ()

Codebook Number of layers V = 4
Index
1T 000
0 1lo1o0o0
210010
0 00 1

In UL, transmit diversity is also adopted. PUCCH supports transmit diversity. Its transmit diversity is named Spatial
Orthogonal-Resource Transmit Diversity (SORTD). Its performance is quite good in most cases. But, it requires 2x resources
compared to what is required without transmit diversity.

20



LTE-Advanced/IMT-Advanced Channel Model

Array 1
(S ITx elements)

\V4

The ITU-R IMT-Advanced channel model is a geometry-based stochastic model
that is based on WINNER II. It does not explicitly specify the locations of the
scatterers, but rather the directions of the rays, like the well-known spatial
channel model (SCM). Geometry-based modeling of the radio channel enables
separation of propagation parameters and antennas.

The channel parameters for individual snapshots are determined stochasti-

cally based on statistical distributions extracted from channel measurements.
Antenna geometries and radiation patterns can be defined properly by model
user. Channel realizations are generated through the application of the geo-
metrical principle by summing contributions of rays (plane waves) with specific
small-scale parameters like delay, power, angle-of-arrival (AoA), and angle-of-
departure (AoD). Superposition results to correlation between antenna elements
and temporal fading with geometry-dependent Doppler spectrum.

A number of rays constitute a cluster. In the terminology of this document, we
equate the cluster with a propagation path diffused in space, either or both in
delay and angle domains. Elements of the MIMO channel (e.g., antenna arrays
at both link ends and propagation paths), are illustrated in Figure 14. The generic
MIMO channel model is applicable for all scenarios (indoor, urban and rural).

Array 2

Cluste
ustern—., (URx elements)

Path n

R A

S R o
On,AoD g " :‘2\ . A0A %
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-

£y

o Bn; Aop Yo

MSAJE Array Boresight

TXO =t 0" ’Y“n, AcD
[ ST T T TTES SRS - BS Array Boresight

Tx1 =

Cluster n+1

Figure 14. Representation of the MIMO channel
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The time-variant impulse response matrix of the U x S MIMO channel is given
by:
N ' (1)

where t is time, T is delay, Vis the number of paths (clusters), and n is path
index. It is composed of the antenna array response matrices f,_and F_for the
transmitter (Tx) and the receiver (Rx), respectively, and the dual-polarized propa-
gation channel response matrix h_for cluster n as follows:

t T ”.F t 7,9, (/7) (¢)d¢d¢ 2)

The channel from the Tx antenna element s to Rx element u for cluster n is
expressed as:

T

o Frxuv( nm) Tymw  Xnmvm thsv(¢nm)
H,..(t7)= v " " v
USH( T) mz:l I:rx,u,H( n,m) aanV aanH thsH(¢nm))

<exp(i2745 (@ T, Jexpli2225 (8, 1)
x exp(j 27zvn,mt)5(r - Tn'm )

where F_ and F_  are the antenna element u field patterns for vertical and
honzontal polarlzatlons respectively, o, and o, arethe complex gains of
vertical-to-vertical and horizontal-to- vertlcal polariiétions of ray n,m, respec-
tively, A, is the wave length of the carrier frequency, ¢_ is the AoD unit vector,
@, .18 the AoA unit vector, r, and r,_ are the location vectors of element s
arid u, respectively, and V |s the Doppler frequency component of ray n,m. If
the radio channel is modeled as dynamic, all of the above mentioned small-scale
parameters are time variant (they are functions of ¢).

The generic channel model is a double-directional geometry-based stochastic
model. It is a system-level model in the sense that it is employed, for example,
in the SCM model. It can describe an unlimited number of propagation environ-
ment realizations for single or multiple radio links, for all the defined scenarios
and for arbitrary antenna configurations, with one mathematical framework by
different parameter sets. The generic channel model is a stochastic model with
two (or three) levels of randomness. Figure 15 shows the overview of the chan-
nel model creation. The first stage consists of two steps. First, the propagation
scenario is selected. Then, the network layout and the antenna configuration
are determined. In the second stage, large-scale and small-scale parameters are
defined. In the third stage, channel impulse responses (ChIRs) are calculated.
Note that the antenna pattern should be input to ChIR generation to calculate
the correlation matrix.
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Figure 15. Process for creating generic channel model [TR 36.814]

The channel realizations are obtained by a step-wise procedure illustrated in
Figure 16. It should be noted that the geometric description covers arrival angles
from the last bounce scatterers and respectively, departure angles to the first
scatterers interacted from the transmitting side. The propagation between the
first and the last interaction is not defined. Thus, this approach can model also
multiple interactions with the scattering media. This indicates also that the
delay of a multipath component cannot be determined by the geometry. In the
following steps, DL is assumed. For UL, arrival and departure parameters have to
be swapped.
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Figure 16. Procedure for generating channel coefficient [TR 36.814]
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Introducing the LTE-Advanced baseband reference library for SystemVue

For the remainder of this application note, the SystemVue W1918 LTE-Advanced
baseband verification library will be discussed. SystemVue is Agilent’s
electronic design automation (EDA) environment for electronic system level
design, focused on the physical layer (PHY) of wireless communication systems.
SystemVue enables system architects and algorithm developers to combine sig-
nal processing innovations with accurate RF system modeling, interaction with
test equipment, and algorithm-level reference IP and applications. The W1918
LTE-Advanced library is an option to SystemVue that provides > 100 reference
models, coded sources and receivers, and testbenches for both 3GPP Release 8
and Release 10.

The sections below describe some of the highly-parameterized sources that are
new for Release 10. They can be used as open block diagram references for
algorithm developers, or to provide customizable test vectors for download to
test equipment for hardware verification. Of particular note is SystemVue's abil-
ity to simulate multi-channel MIMO scenarios that may be less convenient to
configure as actual hardware measurements, thus providing a simulation-based
alternative for early algorithmic and functional verification.

SystemVue LTE-Advanced Downlink MIMO Source

The Release 8 specifications support up to four transmitters and receivers on
the eNB, with up to two transmitters and four receivers for the UE. In LTE-
Advanced, DL spatial multiplexing of up to eight layers is supported. The Agilent
SystemVue W1918 LTE-Advanced library implements a fully-coded DL source
with up to eight antennas. Figure 17 shows the component of the LTE-Advanced
DL MIMO source.

HERD Bits LE1_PM
50_Status

LTE A

L3 alUE1 Data UE1_ ModSymbot

m_Fo

Sre

fm D

2442

LTE_A_DL_Src_1 {LTE_A_DL_Src@LTE Advanced Models}

Figure 17. Downlink MIMO Source in the SystemVue LTE-Advanced library

We can open this top-level source and see the detail as shown in Figure 18.
Customers can use their own component either with MATLAB or C++ code
to replace some SystemVue components for the purpose of verifing their own
algorithm.
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Figure 18. Schematic of LTE-Advanced DL MIMO source, underneath the symbol in Figure 17. This network is parameterized and
wrapped under a more convenient GUI, shown in Figures 19-24.

Corresponding to this top-level component, we also develop its GUI to control
parameters. The first GUI page, shown in Figure 19, is used to set system
parameters (e.g., FDD/TDD, bandwidth and CRS antenna port) of LTE-Advanced.
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Figure 19. GUI of System parameters for LTE-Advanced DL source

The second GUI page, shown in Figure 20, is use to configure the PDSCH param-
eters of the MIMO setting (e.g., MIMO mode, number of layers and codebook
index) of LTE-Advanced.

System | MIMO (PDSCH) | RE allocation{PDSCH) | ContralChannel | Power | SpectrumShaping | Summary

MM Mode UE1 Closed-loop MIMO Precoding
LIE: 1 z 3 4 5 fi Granularity (PREY  PMI Delay (ms)
m | [+] Canst []Enable 25 ]
Murber OF Layers [ ]const Murmber OF Code Wards
w | w wiz vz vz W

Cyilic Delay Diversity (LD Large-Delay 200 Zero-Delay)

ZeroDelay Const
Codebiook, Indesx
0 0 | |o [ o 0 o Cansk

Figure 20. GUI of PDSCH MIMO parameters for LTE-Advanced DL source

The third GUI page, shown in Figure 21 is for PDSCH parameters of RB alloca-
tion setting (e.g., resource allocation type, codeword % setting of the transport
block size, and mapping type) of LTE-Advanced.
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System | MIMG (PDSCH) | RE Allocation{PDSCH) | Controlchannel | Power | SpectrumShaping | Summary
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O 1

3 4 5 g 7 g
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Edit User Mapping. .. Mexk LE (23

Figure 21. GUI of PDSCH RB allocation parameters for LTE-Advanced DL source

The fourth GUI page, shown in Figure 22, is for control channel setting (e.g., DCF
format, PHICH and HARQ setting of LTE-Advanced.

| System | MIMO (PDSCH]) | RE P.II:::catiu:un_{PDSCH]l_: ControlChannel | Power SpectrumsShaping | Summary |
PDCCH

Mumbers af OFDM Symbaols
Subframe: 0 1 2 3 4 & & ¥ & 9

symbol: (2 2z f2 2z |2 |2 |2 |2 |2 |2 | Oconst

| R LA ] [P Lo |

[ZI Formats
[Edit Common DT Fu:urmats]

|  Edit UE DCIFormat |

PHICH

D akion AllocationMa)

(%) Maormal () Extended 1 gz &1 iz

Phrysical Hybrid-AR0 ACKMCE Indicators scrambling Identity n_SCID

Figure 22. GUI of control channel parameters for LTE-Advanced DL Source

The fifth GUI page, shown in Figure 23, is for power setting (e.g., RS_EPRE,
EPRE ratio and PDSCH power ratio) of LTE-Advanced.
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System | MIMO (PDSCH) | RE Allacation{PDSCH) | ControlChannel | POwer | SpectrumShaping | Summary
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EPRE Ratio in B

PCFICHRb |0 |dB PDCCHRa |0 |dB UE 1 2z 3 4 5 6
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PECHRa |0 |dB s55Ra |0 |dB
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Figure 23. GUI of power parameters for LTE-Advanced DL source

The sixth GUI page, shown in Figure 24, configures the spectrum shaping.
Symbol windowing and FIR filtering are provided as spectrum shaping.

System | MIMO (FDSCH) | RE Allocation{PDSCH) | ControlChannel | Power | SpectrumShaping | Summary

Spectrum Shaping tvpe Timesindowing FIR. Filker
(%) TimeWwindowing Window Type
() FIRFilker () Tukey
{1 Raised Cosine
_ Filker Type
Cyclic Interval & 1x samples

ZI_skart Position |-3

Figure 24. GUI of spectrum shaping parameters for LTE-Advanced DL source
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SystemVue LTE-Advanced Uplink MIMO Source

The Release 8 LTE specifications only support signal antenna transmission.

In LTE-Advanced, UL supports spatial multiplexing MIMO up to 4 layers.
SystemVue implements an LTE-Advanced fully-coded UL source up to 4 anten-
nas. Figure 25 shows the component of the LTE-Advanced UL MIMO source.

e
==
Bp-

LTE_A UL Src 1 {LTE_A_UL_Src@LTE Advanced Models)

Figure 25. SystemVue LTE-Advanced UL MIMQO source
We can open this top-level source and see the underlying detail (Figure 26).
Users are free to replace some SystemVue components with their own algo-

rithm components, either as MATLAB or C++ code, to assist in verifying their
Release 10 algorithms.
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Figure 26. Schematic detail of LTE-Advanced UL MIMO source, shown in Figure 25.

Corresponding to this top-level component, Agilent has also developed a GUI
to configure the user-settable parameters. The first GUI page, shown in Figure
21, configures the system parameters (e.g., FDD/TDD and bandwidth) of the
LTE-Advanced UL.
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Figure 27. GUI of system parameters of LTE-Advanced UL MIMO source
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The third GUI page, shown in Figure 29, is for PUSCH parameters (e.g.. DMRS
and hopping) of the LTE-Advanced UL.

System |MIMO | PUSCH | RE Allocation (PUSCH) | PUCCH | PRACH || SRS

Mumber Of Layers Mumber Of Code Words
| 2 - 2

Codebook Index

0

Figure 28. GUI of MIMO parameters of LTE-Advanced UL MIMO source
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The third GUI page, shown in Figure 29, is for PUSCH parameters (e.g., DMRS
and hopping) of the LTE-Advanced UL.

Systern |MIMO) PUSCH | RE Allocation (PUSCH) | PUCCH | PRACH | SRS || Power | SpectrumShaping | Contral Infa | Surimars,

Enable 64 QAM _
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Figure 29. GUI of PUSCH parameters of LTE-Advanced UL MIMO source

The forth GUI page, shown in Figure 30, is for PUSCH parameters of RB alloca-
tion setting (e.g., resource allocation type, codeword % setting of transport
block size and mapping type) of LTE-Advanced UL.

System | MIMO | puSCH | RE Allocation (PUSCHY | pUCCH | PRACH | SRS || Power | SpectrumShaping | Contral Info | Surarars

Enable HARG  HARG Proc Mum | 8 Wax HARD Trans |4 | RY Sequence:
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Subframe:n 1 z 3 4 g & 7 a 9
Resource Block allocakion Tvpe w1 2555 | 2555 | 2555 | 2555 | 2555 | 2555 | 2555 | 2555 | 2555 | 2555
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Mapping Tvpe (Modulation Scheme) [ Jconst
Subframe: 0O 1 z K] 4 g G 7 g 9
W 1 QPSK v QPSKE s |QPSE v [QPSK v QFSE v (QPSKE s | QPSE v QPSE v | QPSE s [QPSE

Edit User Mapping...

Figure 30. GUI of RB allocation parameters of LTE-Advanced UL MIMQ source
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The fifth GUI page, shown in Figure 31, is PUCCH parameters setting (e.g.,
PUCCH format) of LTE-Advanced UL.

System | MIMO | PUSCH | RE Allocation PUSCH) | PUCCH \PRACH | SRS || Power | SpectrumShaping | Control Info | Summary,

Format: b

Ceelea Shift: | = Y H T
MRECZ): | 1 nizh |11
SF_Allac

Subframe: 0 1 2 3 4 5 & F & 9

vauee OO MOOOOQODOO

Figure 31. GUI of PUCCH parameters of LTE-Advanced UL MIMQ source

The sixth GUI page, shown in Figure 32, is for PRACH setting (e.g., preamble
index and resource index) of LTE-Advanced UL.

System | MIMO | PUSCH | RE Allacation (PUSCH) | PUCCH | PRACH | SRS | Pawer | SpectrumShaping || Contral Infa | Surriars

[ ]Enable PRACH

Zonfiguration Index [0, 63]

Resource Index (TDD:Refer ko 36211-870 Table 5.7.1-4 | FOD; 5.7.1-2)
Index: 0 1 2 3 4 5 =) 7 g g

Preamble Index { Preamble Index can be configured as 1*1 or M*1, where N is the count of Resource Index)
Inde:: ] 1 2 K] 4 5 &) 7 g 9

RE Offset Logical Roaok Sequence Index s Configuration

Figure 32. GUI of PRACH parameters of LTE-Advanced UL MIMO source
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The seventh GUI page, shown in Figure 33, configures the Sounding Reference
Signal (SRS) parameters setting of the LTE-Advanced UL.

Syskemn | MIMO | PUSCH | RE Allocation (PUSCH) | PUCCH | PRACH | SRS |Power || SpectrumShaping | Control Info | Summary

[JEnable srs

Figure 33. GUI of SRS parameters of LTE-Advanced UL MIMO source

The eighth GUI page, shown in Figure 34, configures the UL power parameter
setting of the LTE-Advanced UL.

Systern | MIMO | PUSCH || RE Allocation (PUSCH) | PUCCH | PRACH | SRS Powet | SpectrumShaping | Contraol Info | Summars,

PUISCH Power(Offsat | 1 dB

PIISCH RS Powercffset | O dB

Figure 34. GUI of power parameters of LTE-Advanced UL MIMO source
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The ninth GUI page, shown in Figure 35, configures the spectrum shaping set-
ting. Symbol windowing and FIR filtering are provided as part of the spectrum
shaping parameters.

System | MIMO | PUSCH | RE Allocation {PUSCH) | PUCCH || PRACH | SRS Power | SpectrumShaping | Control Info | Summary

Spectrumn shaping type Tirnewindowing FIR Filter
() Timewwindowing Window Tvpe
() FIRFilter (%) Tukey
i Raised Cosine
i Filker Tyvpe
Cyelic Interval | & 1x samples

CI_Skart Position | -3

Figure 35. GUI of spectrum shaping parameters of LTE-Advanced UL MIMO source

The tenth GUI page, shown in Figure 36, configures control information (e.g.,
Cal, Rl and ACK/NACK) parameters setting per subframe in the LTE-Advanced
UL.

Systern | MIMO | PUSCH | RE Allocation (PUSCH) | PUCCH | PRACH | SRS | Power | SpectrumShaping | Contral Info | Summan

Subfrarnes: 1] 1 2 3 4 5 ] 7 g q
& MumInFoBits | 1 0 a 0 ] a 0 a 0 ] [ ]const
BetaCffsetindex | 0 o 1] 1] 0 o o o o 0 []const
) |
MurnInfoBits | O ] 1] ] 0 1] ] 1] ] 0 |:| Cansk
BetaOffsetIndex | z z z 2 z z z z 2 2 [ ]const
HARCQACK
MurmInfoBits | 0 0 0 0 1] 0 0 0 0 1] |:| Canst
BetaCffsetindex | 0 1] 1] 1] 0 1] 1] 1] 1] 0 []const

Figure 36. GUI of control information parameters of LTE-Advanced UL MIMO source
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SystemVue LTE-Advanced Channel Model

The Agilent SystemVue W1715 MIMO Channel Builder is an optional block
set that provides both WINNER Il and LTE-Advanced MIMO channel models
for BER/FER and throughput fading simulation of LTE, LTE-Advanced, or
802.16m systems. Figure 37 shows an LTE-Advanced MIMO channel model in
SystemVue.

@—» LTEAdvance _C hanrel »

L1 {LTEAdvance_Channel@MhD Channel Models}
LTE AdvanceScenario Type=InH
CarrierFrequency=2 Se9Hz
SampleR ate=5e6Hz
ZhannelLinkDirection =Downlink
Seed=0
MumberofTx=2
TP asition_X=0;0 [0, 0.0]]
TxPosition V=02 [[0, Z]]
TxAntennaPatternType=Cmnilirectional
TxR otationAngle=0
Mumberof Ryx=2
RxPosition_»=0;0[[0, 0.0
RxPosition_Y=005 [[0, 0.5]]
FxAntennaPatternType=0mnilirectional
ThetaBs=0
Thetahis=0
Wt=ilocity=50
WS Cirection=230
Dropinterval=0.05s
s eFixedCOLParameter=YES
UseFolarise=MN0
Lz eShadowhiodel=MNO
Usehdanual PropCond=MN0O
UselntraClusterDelays=MN0
s eFathlLosshodel=MNo
hWsBs Distance= 100
Zhannel CoefficientOutputF lag=MNO
CarrelationhatrixO utputFlag=MNO

Figure 37. LTE-Advanced MIMO channel model in SystemVue

The first GUI page, shown in Figure 38, is to set system parameters, which is
consistent with the system simulation conditions, such as carrier frequency and
sampling rate.
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Syskem | antenna Pattern | Channel Model

System Setting

Zhannel Link Direckion Configuration Cuakbput Files
1 Uplink, %) Downlink, [ ]output channel Coefficient:

Carrier Frequency (Hzj: | 2,969
[ ] output Correlation Matrix:

Sampling Rate (Hz): Seb
Randarn Seed: 0
Drop Inkerval (s 0.05

Figure 38. GUI of system parameters for the LTE-Advanced MIMO channel model

The second GUI page, shown in Figure 39, configures the channel model param-
eters. In the LTE-Advanced MIMO channel model, the channel scenario decides
the path parameters. There are four scenarios (InH, Umi, Uma, and RMa) that
can be selected from indoor to outdoor environment. The LTE-Advanced channel
model is fully consistent with the specifications.

Swstem || Antenna Pattern | Channel Madel

Channel Model Setting

LTE &dwanced Scenario

0; InH w

General Configur ations

ThetaBs (deg): |0 Mstelacity (kmyh):(20 LseFixedcdiPar [uselntraClusterDelays
ThetaMs {deg): |0 a0 [usebualPolarise [ |usemanualPropCond
etals {deg): MsDirection {ded):
S [JuseshadowmModel

[ icabathl fechndsl
-

MsBsDistance (m): (10

Figure 39. GUI of channel model scenario parameters for LTE-Advanced MIMO channel model

The third GUI page, shown in Figure 40, configures the antenna pattern param-
eters including orthogonal polarizations (typically linear theta(6) and phi(¢)
polarizations) or farfield radiation patterns simulated by the Agilent EMPro
software or other electromagnetic (EM) simulation tools. ldeal antenna patterns
such as an omnidirectional pattern, 3-sector pattern and 6-sector pattern are
options as well. In the current W1715 MIMO channel builder, both 2D and 3D
antenna patterns are considered. Approximate EM wave propagation is regarded
as if in one panel, which is widely accepted in channel simulation.
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| System | Antenna Pattern | Channel Model |

Tx T
Murbercf Tx: 12 w
TPasition ¥ -

" % 3 4 5 & 7 #
Value: | | | |
TuPosition_¥

gl R S o TS~ (el Sr.: Y )
Wahie: ! i |
TrhrkernaPatternType: iLkserDm‘insSD ¥

TPhiRotation: |0

TeElevationfnghe: igo ¥

TuArkennaPattermFishame:

R r
Numbercffa |2 |

Anechoic Chamber
Measurement

Agilent EMPro
Antenna Design

RaPosition ¥
1 2 3 14 5 & I

Walue: [ | |

RaPosition ¥
T SR - L W P
iy T

Vahie: | |

— Enbrns 18

— sntanns 2

RocAnbennaPatkernType: o
RoPhfotation: 0 | f
RuxBlevationAnge: 913—| e - --: s
RaAnkennaPatternFlehiame:

Figure 40. GUI of antenna pattern parameters for LTE-Advanced MIMQO channel model

SystemVue LTE-Advanced Carrier Aggregation (CA)

In order to support wider bandwidth in LTE-Advanced, multiple component
carriers are combined (carrier aggregation) to provide the necessary bandwidth.
In LTE-Advanced, transmission bandwidths up to 100 MHz can be supported
through this mechanism.

Two different carrier aggregation techniques have been proposed for LTE-
Advanced mobile systems: contiguous CA, when multiple available component
carriers are adjacent to each other and non-contiguous CA when they are
separated along the frequency band.

TR 36.815 defines deployment scenarios. SystemVue implements three
scenarios to characterize spectrum, CCDF and PAPR. Table 10 lists scenario
numbers 1, 2 and 4.

Table 10. Deployment scenarios for LTE-Advanced

Scenario no. Deployment Transmission No of LTE-A Bands for LTE-A  Duplex modes
scenario BWs of LTE-A component carriers
carriers carriers
1 Single-band UL: 40 MHz UL: Contiguous 2x20 3.5 GHz band FDD
contiguous spec. MHz CCs
alloc. @ 3.5GHz DL: 80 MHz DL: Contiguous 4x20
band for FDD MHz CCs
2 Single-band 100 MHz Contiguous 5x20 Band 40 (2.3 GHz) TDD
contiguous spec. MHz CCs
alloc. @ Band 40 for
TDD
4 Single-band, non- UL: 40 MHz UL: Non-contiguous 3.5 GHz band FDD
contiguous spec. 1x20 + 1x20 MHz
alloc. @ 3.5GHz CCs
band for FDD DL: 80 MHz DL: Non-contiguous
2x20 + 2x20 MHz
CCs
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Figure 41 is the schematic for scenario 1, with 4x20MHz FDD DL carrier aggrega-
tion in SystemVue. Its spectrum is shown in Figure 42(a). Figure 42(b) is the
spectrum of scenario 2, the TDD example.
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Figure 41. Schematic of scenario 1, 4x20MHz ¢

Carrier Aggregation Spectrum

arrier aggregation in SystemVue
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Figure 42. Spectrums of downlink contiguous CCs. (a) is the spectrum of scenario 1 (4x20MHz CCs) and (b) is the spectrum of scenario 2

(5x20MHz CCs)

Scenario 4 is an example of the non-contiguous carrier aggregation case. Figure
43(a) and Figure 43(b) are spectrum of both DL CA and UL CA, respectively.
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Figure 43. Spectrums of scenario 4 with non-contiguous CCs. (a) is the spectrum of DL (2x20 + 2x20MHz CCs) and (b) is the spectrum of
UL (1x20 + 1x20MHz CCs)

When multiple carrier components are transmitted in parallel at both the eNB
and UE, the PAPRs of both the eNB and UE increase significantly. Table 11 lists
the peak to average power ratio values of the above three CA scenarios.

Table 10. Deployment scenarios for LTE-Advanced

Scenario Link Configuration PAPR of single CC, PAPR with CCs,
before aggregation after aggregation

Scenario 1 FDD DL 4x20 MHz CCs 8.45 dB 9.98 dB

Scenario 2 TDD DL 5x20 MHz CCs 9.17 dB 11.71 dB

Scenario 4 FDD DL 2x20+2x20MHz 8.38 dB 9.58 dB

Scenario 4 FDD UL 20 + 20MHz 5.79 dB 6.86 dB

In a carrier aggregation system, the bandwidth will be up to 100 MHz. The
power amplifier (PA) design becomes very important. Moreover, digital pre-
distortion (DPD) becomes a key technology. Because of larger PAPR, crest factor
reduction (CFR) algorithms need to be investigated for such wideband band-
width systems. SystemVue has a W1716 digital pre-distortion application kit to
deal with LTE-Advanced carrier aggregation. It can provide good performance for
PA linearization and is discussed in SystemVue application note 5990-6534EN,
among other places.

The challenges for 100MHz terminals include: the potential for a commercial-
level RF filter with effective bandwidth range, potential of commercial-level
ADC sampling rate, quantization resolution and decoding complexity of channel
decoding, and soft buffer size.
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SystemVue LTE-Advanced Uplink Enhancement

In LTE-Advanced, DFT-precoded OFDM is the transmission scheme used for
PUSCH, both in the presence and absence of spatial multiplexing. In case of
multiple component carriers, there is one DFT per component carrier. Both
frequency-contiguous and frequency-non-contiguous resource allocation is sup-
ported on each component carrier.

Simultaneous transmission of UL L1/L2 control signaling and data is supported
through two mechanisms. The control signaling is either multiplexed with data
on PUSCH according to the same principle as in Release 8, or transmitted on
PUCCH simultaneously with data on PUSCH.

Figure 44 shows the schematic of clustered DFT-S-OFDM of LTE-Advanced in

SystemVue.
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Figure 44. Schematic of clustered DFT-S-OFDM
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Figure 45 shows the spectrum of antenna 1. We can see that there are two
clustered PUSCHs and PUCCH transmitted simultaneously.

Spectrum of clustered DFT-S-OFDM

Cluster 1 Cluster 2
PqSCH PUS[FH

ilz ml PUCCH
. J l
| /

. !

-80

Spectrum (dBm)

-80

1.092 1.024 1.905 1.007 1.998 2 2.002 2.003 2.005 2.006 2.008
Frequency (GHz)

Figure 45. Spectrum of clustered DFT-S-OFDM in SystemVue
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SystemVue LTE-Advanced Enhanced MIMO Transmission

SystemVue also provides both DL and UL MIMO receivers, except MIMO sourc-
es. Figure 46 presents an example of designing an 8x8 LTE-Advanced system in
SystemVue. The closed-loop HARQ throughput is measured as the ACK/NACK
and PMI are fed back from the receiver.
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Figure 46. Schematic of the LTE Advanced DL 8X8 MIMO scenario, with fading and closed-loop throughput measurement with active
HARQ feedback. SystemVue's “dynamic dataflow” technology is critical for performing this virtual OTA simulation.

LTE-Advanced 8x8 DL throughput simulations require significant computing
resources, and even more substantial test equipment requirements, using
direct measurement methods. An alternative is shown in the LTE-Advanced DL
2x2 throughput measurement in Figure 47. A Rayleigh radio environment was
produced in a chamber by using a multi-probe antenna and channel emulator.
Then a two-dipole antenna array with half-wavelength separation was placed at
the center of a turntable, and the table oriented at different angles to produce
different AoA effects.

The red curve in the figure is the experimental results, which reflects the real
world directionality of the antenna array. To measure this trace, an LTE wave-
form was introduced using a probe antenna, the received data captured from
dipole antenna using the Agilent 89600 VSA software, and the captured |/Q data
with measured fading saved to a file. The data file was then fed into a simulated
reference receiver in SystemVue to complete the throughput results.
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The blue curve in Figure 47 represents more purely simulation results. For this
curve, a measured antenna pattern file was loaded into SystemVue in lieu of the
chamber measurement, and the W1715 MIMO Channel Builder models used in
a SystemVue simulation to predict the faded wireless channel with directional
MIMO antenna effects. The same simulated reference receiver decoded the
results for both measurements.

The simulated MIMO throughput versus the experimental, chamber-based
results are compared in Figure 47. Note the small vertical scale, and also

that red trace (simulation) is a prediction of the blue trace (measured). This
predictive result demonstrated that very early 3DEM simulations of the
industrial design of the UE antenna placement (with human SAM models) can
be confidently combined with early UE/eNB reference algorithms, and early

RF transceiver models to obtain link-level performance, months in advance of
actual working UE hardware. While low overall simulation speed permits only
a small fraction of Release 10 coverage testing to be practical using simulation
tools, nevertheless, key system-level performance parameters can be predicted
extremely early in the design process. By integrating these key models and then
linking to test equipment as working UE hardware becomes available, Agilent
SystemVue helps provide key diagnostic insights about real world performance,
possibly saving R&D wafer spins.
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Summary

References

In this application note, key techniques and concepts were introduced for

LTE, LTE-Advanced, and the LTE-Advanced MIMO channel model. The W1918
SystemVue LTE-Advanced library and enhancements to the W1715 SystemVue
MIMO Channel builder were also introduced to enable accurate, predictive,
coded throughput results for Release 10.

From these results, it is seen that SystemVue accelerates physical layer algo-
rithm design and product development by providing a configurable, working ref-
erence PHY for LTE Advanced. Not shown in this application note, SystemVue
can also download simulated waveforms to Agilent signal generators, and
receive signals back from Agilent signal analyzers, thus facilitating early R&D
validation of working hardware prototypes, for greater insight and confidence.
Together, Agilent provides an attractive open modeling platform; leading-edge
reference IP; and integration with test equipment, to help you create superior
systems designs for emerging standards like LTE-Advanced.
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