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Abstract—The TDD-LTE is  becoming one of the fast and  best communication 

technology to support 4G. The low cost in deployment of TDD-LTE made it preferable 

by network operators and hence its rapid growth in deployment. By 2013 more than 

153 TDD LTE networks have been commercially launched. In this paper we have 

studied the existing literature to map the evolution and technological advancement of 

TDD-LTE. Existing literature has been reviewed to understand the developments in 

features like Carrier Aggregation (CA), Further enhanced Inter-Cell Interference 

Coordination (FeICIC), Coordinated Multi-Point (CoMP), Enhanced MIMO, eIMTA, 

Device to Device(D2D) and minimisation of drive tests(MDT). TDD-LTE probable 

technological evolution towards 5G has also been reviewed and presented in this 

paper. 

 
Index  Terms—TDD-LTE, MIMO, CoMP, 4G and Review. 

 
1.  NTRODUCTION  

TD-LTE has become the fastest growing commercial network and more 

adaptable for 4G services. TD-LTE technology evolved to support a very well 

established and fast growing ecosystem. It has grown up to set a complete industry 

participation of global industries and highly developed products, which includes 

chipset, user devices and test instrument. It has features with a maximum of 

commonalities with LTE FDD and comparable performance characteristics. TDD-LTE 

can reach global communication network scale with LTE-FDD and speed up the 

network deployment and commercial launch. TD-SCDMA is the first TDD standard to 

be deployed in wide area mobile networks on a large scale. TD-LTE/TD-LTE-Advanced 

are the long-term evolution of TD-SCDMA. TD-LTE commercial networks has been 

launched by operators including Mobily and STC in Saudi Arabia, Softbank in Japan, 

SKY TV and ON Telecom in Brazil, Hi3G in Sweden, UK Broadband in UK, Bharti 

Airtel in India, NBN and Optus in Australia, Aero2 in Poland, Omantel  

 

 

 

 

 

in Oman, MTS and Megafon in Russia, China Mobile in Hong Kong, Dialog 

Axiata in Sri Lanka, COTA /Murcia4G in Spain, Telkom Mobile(8ta) in South Africa, 

MTN in Uganda, Sprint in USA and Spectranet in Nigeria. Time-division duplex 

(TDD) allows the flexible allocation of the ratio betweenuplink (UL) and downlink 

(DL), which makes it the top candidate to provide both symmetrical services such as 

voice and asymmetrical services such as mobile Internet access.  

In this paper we study the evolution of TDD-LTE, advantages of TDD-LTE, 

and the advanced features of the system. 

 

2.  TDD-LTE EVOLUTION 

TD-SCDMA, TDD technology was considered only to be suitable for use in the 

wireless local area network, and FDD seemed to be the only choice for the wide area 

mobile network. Actually, FDD technologies, such as GSM and CDMA (IS-95), were 

very successful in 2G and showed many merits for voice services, as shown in Figure 1. 

However, as data services became more important in 3G and beyond, problems 

appeared from FDD caused by asymmetry that is characteristic of data services in 

uplink and downlink. In addition, the filter that is needed for FDD at the front end of 

the transceiver in order to overwhelm transmitting interference is becoming more 

challenging in design and cost, when more and more spectrum bands need to be 

Supported[4]. TDD has advantages dealing with the difficulties above by transmitting 

and receiving in the same frequency and configuring a different theme with different 

time slots. TDD can flexibly support asymmetrical data services in the uplink and 

downlink and has no need for a filter. But TDD technology faces its fatal challenge 

when deployed in wide area mobile networks. The essential factor is that TDD must 

overwhelm the issues from intra-frequency spectrum between the uplink and downlink 

for terminals/handsets and base-stations (BSs). The second factor is that network 

synchronization in TDLTE-Advanced are deliberately designed to maintain good 

balance between enabling features and convergence with FDD. For example, TD-

SCDMA and TD-LTE/TD-LTE-Advanced adopt some TDD-specific design features 

mainly in the physical layer to support TDD-enabling features such as smart antennas 

and uplink synchronization. 
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 Meanwhile the same network architectures and protocols are adopted with FDD in 

the high layers. Thus, TDD and FDD can share the same radio access network and 

core network leading to the same terminal chipset platform implementation for TDD 

and FDD. Thus the cost of a terminal/handset for both FDD and TDD can be 

significantly reduced[4]. 

 
Figure 1 :Sourced from Shanzhi Chen et al. (2014) 

 

3. BENEFITS OF TDD TECHNOLOGY 

 

(i) Flexible Spectrum utilization 

Installing a TDD spectrum is much easier than FDD, which needs to be paired. A 

major advantage of TDD is its low cost. Network operators purchase TDD spectrum at 

a lower price than FDD[15]. 

 

(ii) High Spectral Efficiency for adaptive UL/DL configuration 

The asymmetric nature of TDD brings a number of advantages. An important 

advantage of TDD’s asymmetric nature is the flexibility it allows in the adjustment of 

the downlink and uplink resource ratios[15].  

 

(iii) Interference Suppression 

Due to uplink and downlink channel reciprocity, TDD technology has unique 

coordination abilities, such as beamforming, which improves system performance by 

utilizing channel state information to achieve transmit – array gain[15]. 

 

4. DEVELOPMENT OF NETWORK PRODUCT 

 

The table 1 shows the extracted from the data on the 3GPP Ultimate portal 

at https://portal.3gpp.org/ " 

 

5. TDD-LTE ADVANCE PRODUCT FEATURES 

Takehiro Nakamura et al. 3GPP 2013, LTE Africa 2013, states the following 

advantages of TDD-LTE features. 

 

(i)Carrier aggregation (CA) enhancements 

Different TDD UL/DL configuration on different band and multiple timing advances 

for UL CA 

 

(ii) Further Enhanced Inter Cell Interference Cancellation (FeICIC)/HetNet 

Heterogeneous deployments consist of deployments where low power nodes are placed 

throughout a macro-cell layout. Almost blank subframe, UE interference Cancellation 

(IC), signalling approach for common channel acquisition improvement, are some of 

the features of eICIC. 

Table1. 3GPP Ultimate portal 

 
(iii) CoMP 

Coordinated Multi point transmission and reception is the advanced interference 

mitigation techniques relying on multipoint coordination to improve cell edge user 

throughout in particular, but also benefit for the average cell throughput. 

 

(iv) Enhanced MIMO 

Elevation Beam forming achieves beam gain and interference reduction using 3D 

beam. Full dimension MIMO achieves progressive capacity enhancement in hotspot 

area. 

 

(v) eIMTA: Further enhancements to LTE TDD for DL-UL interference management 

and traffic  adaptation 

TDD UL-DL reconfiguration for traffic adaptation and Interference mitigation with 

TDD UL-DL reconfiguration. 

 

(vi) ePDCCH adaptation 

Some of the features of ePDCCH are enhanced DL control channel to support 

increased, control channel capacity, freq. domain ICIC, beamforming and/or diversity. 
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(vii) Device to Device (D2D) 

D2D communication assisted by a cellular network takes advantage of the proximity of 

mobile devices to allow re using of resource between cellular and D2D users and take 

advantage of hop gain. Objectives of D2D are to provide commercial use with NW 

coverage and public safety/critical communication with/without NW. 

 

(viii) Small Cell Enhancements 

The objectives of small cell enhancements are to have Spectrum efficiency 

improvements, higher order modulation (e.g., 256QAM), Overhead reduction and 

control signalling enhancement. 

 

(ix) New Carrier Type (NCT) 

Improve system performance allowing Non-backward compatible carrier (Non-support 

for legacy LTE UE).Less frequent transmission of cell-specific reference signal (CRS). 

Identified advantages areEnhanced spectrum efficiency by reducing overhead 

signal,Improved support for HetNet by avoiding interference from CRS and energy 

efficiency by not transmitting DL signal. 

 

6. TDD-LTE for Beyond 4G (B4G) 

The requirements for Beyond 4G (B4G), in terms of technology requirements, 

user requirements and capacity requirements. The paper focusses on TDD mode and 

has predicted that low power indoor cells will need to carry a substantial part of the 

total traffic volume[5]. OFDM frame structure should be very short and ensure at the 

same large flexibility for the allocation of UL/DL slots, Advanced MIMO techniques 

are necessary to cope with link spectral efficiency requirements, as well as for 

improving the link robustness, Fast link adaptation and HARQ to boost the 

throughput have been suggested in this paper[5]. The characteristics and performance 

of FD-MIMO ( full Dimension – MIMO) technology for evolution towards B4G and 5G 

cellular systems[3].Fundamental characteristics of FD-MIMO in terms of performance, 

future deployment scenarios, and potential enhancements to the LTE standards were 

presented. Additionally, details on the design of a 2D antenna array for the support of 

FD-MIMO were discussed. In this paper, the system level evaluation results showed 

that FD-MIMO systems can potentially provide substantial system performance 

enhancement over legacy MIMO systems[3]. A tutorial on D2D communication in 

terms of energy efficiency to assist the mobile stakeholders to evaluate the benefits of 

D2D technology. D2D communication assisted by a cellular network takes advantage 

of the proximity of mobile devices to allow re using of resource between cellular and 

D2D users and take advantage of hop gain. In this paper it was explained about the 

different building block of D2D communication which is necessary in establishing the 

D2D session and moreover elaborated on the business and application opportunities 

that exist. The simulation results done by the author has showed that by using D2D 

communication, improved throughput and energy efficient communication by 0.5053 

(Mb/J) can be achieved[4]. latency, enabled usage of advanced receivers and support 

for low-complex HARQ schemes[10]. 

The concept of achieving extremely short frame lengths with feasible control 

overhead, by using relatively large subcarrier spacing. There are several alternatives 

for decreasing the consequently increasing CP & GP overhead, such as utilization of 

different subcarrier spacing and receivers for control and data parts of the frame, 

utilization of TA or usage of adaptive CP length. The short TDD latency achieved with 

the proposed 5G frame structure with very short frame length enables really short UE 

initiated data transmission/reception times, such as <1.5 ms, including 

synchronization, scheduling signalling and actual data transmission with 

acknowledgement. This is a significant improvement compared to LTE and it enables 

devices to be in the energy-efficient sleep mode for majority of time, consequently 

leading to very long battery life[8]. 

The latest field trials of C-RAN centralization. It is successfully verified that 

combining CPRI compression with a 2:1 compression ratio and Single Fiber Bi-

direction technologies, the fiber consumption can be reduced fourfold compared to a 

dark fiber solution. In addition, the CPRI over WDM front-haul transport solution 

shows ideal performance in the C-RAN fieldtrial with no impact on radio performance. 

WDM would be one of the dominant solutions for future large-scale C-RAN 

deployment. The author has also demonstrated the UL CoMP gain was achieved with 

C-RAN architecture through the field trials. The results indicate that uplink CoMP 

can effectively suppress the interference of neighbouring cells and efficiently enhance 

the uplink signal strength[9].  An overview of the current WLAN and LTE-A radio 

interface parametrizations. The author has introduced a new physical layer 

numerology called 5GETLA, a future enhancement for 5G local area communications 

using flexible TDD and OFDMA that can improve the QoS and QoE when compared to 

WLAN and significantly reduce the latency when compared to LTE-A, and improve the 

spectral efficiency when compared to either wireless access scheme. It was also 

indicated that significant energy savings are possible due to reduced duty cycle in the 

proposed 5GETLA system. Especially, the different sleep modes for LABSs can 

significantly reduce the energy consumption of 5GETLA system compared to LTE-A 

and WLAN, and allow LABSs to sleep with average cell access delay half of the master 

frame[9]. In this paper have presented a comprehensive and systematic overview on 

the development of TDD technology. The TD-SCDMA 3G standard and the TD-

LTE/TD-LTE-Advanced 4G standard and their key features were discussed in details, 

and the trend of next generation technology (5G) was also briefly discussed. The role of 

TDD system in future 5G was also studied by the author[1]. 

The industry development of TD-SCDMA towards TDD-LTE. The author studies the 

potential technical features of TDD-LTE and beyond[24].A rank adaptive beamforming 

scheme for TDD LTE system in this paper,in which a channel eigenvalue ratio 

threshold relating to channel estimation error has been introduced to assist rank 

adaptation. In addition, HARQ and other feedback information have been employed to 

optimize the adaptation parameter of the channel eigenvalue ratio threshold, which 
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ensures more accurate adaptation and flexibility[23]. Authors showed by system level 

simulation under SCME macro models that proposed rank adaptive beamforming 

scheme can significantly improve the average cell throughput and spectrum efficiency, 

and it also can achieve a balance between single stream and multi-stream 

beamforming for cell-edge user throughput and SINR[23]. 

The improving of Beam Forming gain by combating flash light effects[11]. 

 

7.  CONCLUSION 

 

TDD-LTE has evolved as the most suitable technology for 4G and beyond. 

TDE-LTE had been adopted world-wide with increasing number of subscribers. Beside 

development aligned 3GPP standard, TDD/FDD converged solutions become an 

efficient way to fully utilize the spectrum resources and handle the explosive LTE 

traffic growth. Especially when an operator has both TDD and FDD spectrum, a 

converged network is an efficient way to fully utilized the available spectrum and meet 

the increasing data rate requirements. TD-LTE-Advanced features like NCT, CoMP, 

eICIC, enhanced MIMO and D2D, makes TDD-LTE well suited for Beyond 4G (B4G). 
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