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Abstract: 

3GPP LTE was proposed by cooperation between groups of telecommunications consortium 

named as 3rd Generation Partnership Project to improve the Universal Mobile 

Telecommunications System (UMTS) standard. It supports up to 300 Mbps of data transmission 

in downlink using the Orthogonal Frequency Division Multiplexing (OFDM) modulation as well 

as up to 75 Mbps throughput for uplink using the Single Carrier-Frequency Division Multiple 

Access (SC-FDMA) modulation schemes.  
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Introduction: 

In LTE Release 8, orthogonal frequency-division multiplexing (OFDM) is the DL multiple 

access scheme, while single-carrier frequency-division multiple access (SC-FDMA) is the UL 

multiple access scheme. LTE Release 8 also supports scalable bandwidth up to 20 MHz, and 

uses DL/UL frequency selective and DL frequency diverse scheduling, respectively. The DL sub 

frame structure is common to both time-division duplex (TDD) and frequency division duplex 

(FDD), and is shown in Fig. 1 for four transmit antennas using common reference symbols and a 

normal cyclic prefix. More than four transmit antennas can be supported using user-specific 

dedicated reference symbols[1-7]. Each sub frame consists of two slots of length 0.5 ms (7 

OFDM symbols for normal cyclic prefix) with reference symbols located within each slot. DL 

control signaling is located in the first n 11 OFDM symbols (n ≤ 3) where n can be dynamically 

changed every sub frame, followed by data transmission. The time-division multiplexing (TDM) 

structure between control and data enables micro-sleep to be implemented in the user equipment 

(UE, same as a mobile or a user). Micro-sleep allows the UE to turn off its power amplifier after 
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determining that no data assignment is given to it in this subframe. This can significantly lower 

UE power consumption and extend its battery life. Each element in the time and frequency 

resource grid is called a resource element (RE). Each DL subframe contains reference signals, 

control information, and data transmission[8-11]. The following physical channels provide DL 

control signaling: physical control format indicator channel (PCFICH), physical hybrid 

automatic repeat request (HARQ) indicator channel (PHICH), and physical DL control channel 

(PDCCH). Table 1 provides a brief overview of the purpose of these control channels. The DL 

and UL scheduling assignment transmitted on the PDCCH is addressed to a specific user, and 

contains control information needed for data reception and demodulation. Users are assigned 

data allocation in quanta of resource blocks (RBs), where an RB is defined as 12 REs by one 

slot. In the UL, single-carrier frequency-division multiplexing (SC-FDM) is implemented via 

discrete Fourier transform spread OFDM (DFT-SOFDM). DFT-S-OFDM has similar 

numerology to the OFDM transmission scheme used on the DL, with the main difference being 

that the constellation symbols are DFT precoded before mapping to the different subcarriers.  

The DFT precoding operation is performed to reduce the cubic metric (CM) of the signal, 

leading to higher maximum transmit power [12].  

Advanced(LTE-A) 

LTE-A is the evolutionary path from LTE Release 8. The LTE-A technology should be able to 

satisfy the IMT-A system requirements specified in [13]: “IMT-A systems are mobile systems 

that include the new capabilities of IMT that go beyond those of IMT-2000. Such systems 

provide access to a wide range of telecommunication services including advanced mobile 

services, supported by mobile and fixed networks, which are increasingly packet-based.” As 

shown in this article, all of the IMT-A requirements cannot be fulfilled by LTE Release 8 and 

require technology beyond Release 8. As such, LTE-A is designed to meet and exceed these 

IMT-A requirements as summarized in Table 2. These requirements are met using a variety of 

techniques, including: • Carrier aggregation • DL spatial multiplexing using up to eight-layer 

multiple-input multiple-output (MIMO) • DL intracell CoMP transmission and reception • UL 

Spatial Multiplexing using four-layer MIMO In addition to the improvement in spectral 

efficiency, substantial reduction in latency is also targeted. The goals are to reduce the transition 

time from idle to connected mode from 100 ms in LTE to less than 50 ms in LTE-A. Similarly, 
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the transition from dormant to active should be reduced from 50 ms in LTE to less than 10 ms in 

LTE-A[14-20]. In LTE-A capacity and coverage enhancement can also be achieved using a 

heterogeneous network, which is a collection of low-power nodes distributed across a macrocell 

(homogeneous) network. There are various types of low-power nodes including microcells, 

picocells, femtocells, and relays. These low-power nodes are deployed in various environments 

including hot spots, homes, enterprise environments, and low geometry locations to improve the 

overall capacity and coverage of the system. 

UE -Implementation  

SC-FDMA using DFT-S-OFDM is the PHY access scheme in the UL. With carrier aggregation, 

N × SC-FDMA, which is conceptually analogous to parallel SC-FDMA transmitters, is used. In 

this case N DFT-inverse fast Fourier transform (IFFT) pairs are required to implement carrier 

aggregation in the UL [5]. A block diagram of the UL demonstrating N × SC-FDMA for N = 2 is 

shown in Fig. 4. One potential issue with carrier aggregation is the limitation on the UE’s 

transmission power. As a result, for FDD it is expected that two component carriers supporting 

aggregated bandwidth of 40 MHz may be the most practical scenario. For TDD, however, up to 

100 MHz must be supported based on the DL bandwidth[21]. With carrier aggregation, the 

single carrier property in the UL is no longer preserved when transmitting on multiple carriers. 

As a result, the cubic metric (defined in [22] as the cubic power of the signal of interest 

compared to a reference signal) increases, which requires a larger backoff in the power amplifier, 

thereby reducing the maximum transmit power at the UE. An illustrative comparison is shown 

for different numbers of component carriers. For example, the cubic metric increases from 2.2 to 

3.0 dB when the UE is transmitting using 16-quadrature amplitude modulation (QAM) on two 

simultaneous component carriers. This substantial increase in cubic metric has the effect of 

reducing the coverage when carrier aggregation is used, although it can be seen that the cubic 

metric is generally still less than that for orthogonal frequency-division multiple access 

(OFDMA, note that results for OFDMA are independent of modulation). In addition, the increase 

is most significant in going from one to two simultaneous component carriers, and only increases 

gradually as more carriers are used. It should be noted that since multicarrier transmission will 

usually be used for UE in good channel conditions, there should be no loss of coverage for those 

users. On the other hand, users at the cell edge will most likely be scheduled only on a single 
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carrier. There is no difference in cubic metric in this case, and coverage may actually be 

improved since the ENB has the ability to dynamically assign users to the best UL carrier. 

DL/UL Spatial multiplexing  

The DL MIMO transmission schemes already supported in LTE Release 8 include 

transmitdiversity and open-loop and closed-loop spatial multiplexing with up to four layers. 

These MIMO schemes are supported by common reference signals (common pilots) broadcast 

from an eNB. Codebook-based precoding is used to support closed-loop spatial multiplexing. In 

addition, a single layer of a UE-specific reference signal (also known as dedicated pilots) is 

available that may be used for beamforming. The UE-specific reference signal enables single-

layer beamforming in TDD scenarios where the DL spatial channel information may be obtained 

at the base station using channel reciprocity[23-27]. A multi-user MIMO (MU-MIMO) 

transmission scheme may also be applied based on codebook feedback. However, the 

performance of the MUMIMO scheme is limited by coarse quantization (using codebook) and 

the lack of support for cross-talk suppression at the UE. As a result, MU-MIMO in Release 8 

does not provide any performance gains compared to SU-MIMO. Fortunately, LTE-A will fix 

the MU-MIMO performance, as we will see. The performance of DL and UL transmission in 

LTE Releases 9 and 10 will be enhanced by the following features [7]: • Enhanced single-cell 

DL MU-MIMO support • Extension to eight-layer DL spatial multiplexing • DL CoMP support • 

Extension to four-layer UL spatial multiplexing Some of the above features are necessary to 

meet the IMT-A requirements.  
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                                   Fig.1. Layer UL spatial multiplexing 

Data transmission and control signaling:  

At the data layer, each component carrier operates independently with a separate data stream that 

is aggregated or segmented at the medium access control (MAC) layer. This MAC-PHY 

interface provides support for carrier aggregation with minimal changes to the PHY 

specifications. In this case separate HARQ processing and associated control signaling is 

required for each of the component carriers. This allows separate link adaptation and MIMO 

support for each carrier, which should improve throughput since each data transmission can be 

independently matched to channel conditions on each carrier. As a result, data processing at the 

PHY can be thought of as independent per carrier. Control signaling serves several main 

purposes in LTE: to provide signaling related to scheduling assignments, to provide 

acknowledgment in response to data transmission, to provide channel state feedback information, 

and to provide power control information. To support carrier aggregation, these functions must 

be extended to support multiple component carriers. It should be noted that, in general, the 

principle is to extend the LTE design to multiple carriers when possible. In the DL three control 

channels are presented: the PDCCH, used for scheduling assignments and power control; the 

PCFICH, used to indicate the size of the DL control region; and the PHICH, used to provide 

acknowledgment in response to UL data transmission. For the PDCCH, a separate scheduling 

grant has been adopted where each grant addresses one carrier. To allow for scheduling 

flexibility, each grant will contain a carrier indication field (CIF) to indicate to which carrier the 

grant applies, which thus allows the reuse of existing LTE scheduling grant formats with only the 

addition of the CIF. By using a separate grant structure, the eNB has the ability to schedule 

different grant formats to the same UE in different component carriers, and perform dynamic 

grant load balancing and interference coordination among the component carriers on a subframe 

basis. For the PCFICH, the channel is expected to be configured independently for each 

component carrier[28-31]. A UE will therefore independently decode the PCFICH and determine 

the data boundary as in LTE. In the case of a PDCCHless carrier (e.g., extension carrier in a 
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heterogeneous network), this would be known to the user and no special handling is necessary. 

Since separate HARQ processing is used, associated control signaling will be required for each 

of the component carriers. In addition, LTE-A UE can be configured with UE-specific UL/DL 

carrier aggregation configurations that are a subset of the system configuration shown in Fig. 5. 

The ACK is transmitted on the same DL carrier as the UL scheduling assignment, which allows 

many simultaneous UE-specific configurations to be supported. This feature solves the issue 

with UL-heavy aggregation and also does not require an explicit DL-UL pairing relationship to 

be defined. Although this will require the eNB to manage the PHICH, it will be similar to the 

PDCCH management that will also be required. UL control signaling carries ACKs for the DL 

data transmission and channel state feedback (e.g., CQI, precoding matrix indication [PMI], or 

rank indication [RI]). In the UL, the simplest possible approach is to support an individual UL 

control channel per carrier based on the Release 8 structure[32-36]. Thus, each UL control 

channel may be configured independently to support one DL-UL carrier pair. In the case of 

asymmetric carrier aggregation, additional UL control signaling (ACK/NACK and CQI) may be 

configured to support multiple DL carriers on a single UL carrier. One concern for the UL is the 

limited transmission power available to the UE. As a result, it may not be possible to transmit 

feedback or acknowledgments from many component carriers simultaneously. In this case it is 

possible that some form of control information multiplexing such as ACK/NACK bundling may 

be used. In addition to carrier aggregation, within the same carrier, UE has the ability to 

simultaneously transmit both the physical uplink shared channel (PUSCH) and physical uplink 

control channel (PUCCH). With carrier aggregation in addition to simultaneous PUSCH and 

PUCCH transmission, the total cumulative power the UE is allowed to transmit across all 

component carriers should not exceed the maximum UE power. Under a transmit power 

limitation, power reduction based on per-channel scaling is used where scaling factors are used 

such that power reduction is first performed on the PUSCH. 

 

Conclusion: 

 

LTE Release 8 is one of the primary broadband technologies based on OFDM, which is currently 

being commercialized. LTE Release 8, which is mainly deployed in a macro/microcell layout, 

provides improved system capacity and coverage, high peak data rates, low latency, reduced 

operating costs, multi-antenna support, flexible bandwidth operation and seamless integration 

with existing systems. LTE-Advanced (also known as LTE Release 10) significantly enhances 

the existing LTE Release 8 and supports much higher peak rates, higher throughput and 

coverage, and lower latencies, resulting in a better user experience. Additionally, LTE Release 

10 will support heterogeneous deployments where low-power nodes comprising pico cells, femto 

cells, relays, remote radio heads, and so on are placed in a macro cell layout. The LTE-Advanced 

features enable one to meet or exceed IMT-Advanced requirements. It may also be noted that 

LTE Release 9 provides some minor enhancement to LTE Release 8 with respect to the air 

interface, and includes features like dual-layer beam forming and time-difference-of-arrival-

based location techniques. In this article an overview of the techniques being considered for LTE 

Release 10 (LTE-Advanced) is discussed. 
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