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I. Executive Summary 
Long Term Evolution (LTE) has entered the mobile market as 3G has achieved wide deployment 
by mobile operators and subscriber adoption worldwide. Mobile broadband traffic is exploding at 
100 percent per year in many markets, largely due to the growing popularity of 3G-enabled smart-
phones, laptops, and tablet computers. To address this growing demand for mobile broadband, 
the 3rd Generation Partnership Project (3GPP) standards body developed LTE as the next logical 
technological step for over 4 billion mobile subscribers on existing 3GPP and 3GPP2 networks. 
 
On the one hand, LTE serves as the evolutionary path from 3G to 4G, transforming the mobile 
industry by supporting ultra-fast broadband, significantly improving the user experience, substan-
tially improving end-user throughputs, increasing sector capacity, and reducing user plane laten-
cy. LTE is designed as a simple and flat, all-IP data-centric network architecture resulting in low 
operating costs for operators. LTE has an extremely low latency between network elements and 
end-to-end devices which is about 10 times lower than that of current 3G networks. LTE leverag-
es existing mature radio technologies while also taking advantage of the fast moving semiconduc-
tor processing technologies that enables a low cost deployment even from the very beginning. 
 
But LTE is also a disruptive technology. Unlike previous 3G technologies, which use Code Divi-
sion Multiple Access (CDMA), LTE uses Orthogonal Frequency Division Multiplexing (OFDM) for 
the downlink and Single Carrier-Frequency Division Multiple Access (SC-FDMA) for the uplink. 
LTE uses both 64QAM and MIMO technologies, and produces a peak spectrum efficiency of 15 
bits per Hz, which is unmatched by any commercial wireless deployment in terms of maximized 
spectrum usage. The LTE Release 8 standard supports flexible carrier bandwidths from 1.4 MHz 
up to 20 MHz. Future 3GPP LTE Releases will even cover downlink bandwidths up to 100 MHz. 
 
Previous 3GPP standards have utilized a traditional Frequency Division Duplex (FDD) modulation 
scheme with paired spectrum allocations, one for uplink and the other for downlink channels. So 
initially expectations were for the development of LTE networks using paired FDD spectrum. To 
date, mobile network operators currently operating 3G mobile networks using GSM-Edge, HSPA, 
and CDMA/EVDO technologies are planning to implement LTE networks using FDD paired spec-
trum with a fixed frame structure, where the paired uplink and downlink transmission channels are 
separated by a duplex frequency guard band. 
 
However, in developing a global LTE standard, 3GPP recognized the benefit of embracing not 
only FDD but also Time Division Duplex (TDD) spectrum bands. Until recently, the designation of 
spectrum holdings as TDD or FDD has been commonly perceived as a key decision factor in an 
operator's selection of 4G technology. LTE now supports unpaired spectrum using TDD modula-
tion with a flexible uplink and downlink frame structure, where the resources used for uplink and 
downlink transmissions are separated by a guard time with no guard bands. The eight unpaired 
TDD spectrum bands identified by 3GPP offer an additional 345 MHz of unpaired spectrum that 
can be used to offer LTE at a significantly lower cost than FDD spectrum. 
 
This report analyzes the key technology drivers and market factors that will influence LTE TDD 
network deployments worldwide. China Mobile has emerged as a leader in the LTE TDD move-
ment, along with a growing industry ecosystem of major network infrastructure, microprocessor 
and device manufacturers. The report also details the availability and cost of LTE TDD spectrum, 
as well the underpinnings of LTE TDD technology, including data rates, spectral efficiency, laten-
cy, and inherent support for both MIMO and beamforming. 
 
With China Mobile's commitment, LTE TDD has gained momentum, but it remains uncertain 
where and how rapidly this form of LTE will be deployed in other countries. Many operators, most 
notably in Asian markets such as India and Malaysia, are now looking to LTE TDD as a means of 
offering 4G mobile broadband services using spectrum outside the LTE FDD allocations. Our pre-
liminary analysis suggests that China, India, and Malaysia alone could drive the LTE TDD mobile 
broadband market to more than 50 million subscribers by 2015. 
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II. Comparing LTE FDD & TDD 
As shown in Figure 1, LTE FDD uses paired uplink and downlink channels separated by a guard 
band with a fixed frame structure; while LTE TDD uses unpaired channels with a flexible uplink 
and downlink frame structure, where the resources used for uplink and downlink transmissions 
are separated by a guard time with no guard bands. This allows LTE TDD to assign the proper 
resources according to user traffic types, while LTE FDD has to keep symmetric downlink and 
uplink resources, which at times means it has too much uplink resources but not enough downlink 
resources. This flexible uplink/downlink configuration feature makes LTE FDD ideal for most 
asymmetric Internet traffic, and it allows operators to accommodate different mobile traffic types 
and the inevitable asymmetry of mobile video and other rich media content. 
 
Figure 1: LTE TDD & FDD Frame Structure 

 
Source: 3GPP 
 
As mobile operators plan their network evolution to 4G, a major consideration is the availability of 
sufficient and appropriate spectrum resources to support the expectation of very high traffic 
growth. As mobile broadband subscribers and new applications demand high-speed connectivity 
and increased capacity, operators need to ensure that they maximize the use of all available 
spectrum assets. Driven by a limited supply of appropriate FDD spectrum, the 3GPP LTE stan-
dard now supports eight unpaired TDD spectrum bands, as depicted in Figure 2. 
 
The chart lists all of the FDD paired and TDD unpaired spectrum bands available that have so far 
been identified by 3GPP for LTE by region. By far the most important are Band 40 2.3GHz and 
Band 38 2.5GHz (sometimes called 2.6GHz). In its upcoming large-scale trials, China Mobile is 
planning to use its 2.6GHz band TDD spectrum for outdoor coverage and 2.3GHz spectrum for 
indoor coverage. The 1880MHz to 1920MHz band is being used for TD-SCDMA services in Chi-
na, but may become relevant for migration toward LTE TDD as the technology matures. 
 
Most European operators own unused licenses in unpaired 2.1GHz bands, as well as the bands 
previously allocated to the TDD version of UMTS in the 1.9GHz to 2.0GHz range. These were 
originally acquired as part of their 3G (WCDMA) licenses. Some vendors have suggested that 
these spectral resources may be used for broadcast-type applications, such as mobile TV, or 
pooled by operators in order to share spectrum for additional LTE TDD capacity. The 50 MHz of 
TDD spectrum in Band 38 – the IMT Extension Center Gap – is also an attractive source of TDD 
spectrum to complement the 70 MHz of paired FDD spectrum in the same band. 
 
The 2.3GHz Band 40 is particularly important because it is the primary band for LTE TDD dep-
loyment in China, and it directly overlaps with bands used by many mobile WiMax service provid-
ers. The recent auction of 2.3GHz spectrum for Broadband Wireless Access (BWA) services in 
India is another indicator of support for LTE TDD in Band 40. One benefit of LTE TDD is the 
possible practical deployment of networks using bands as low as just 10 MHz (although this will 
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reduce peak end-user data rates by half). This is better than WiMax networks, which are normally 
deployed using 30 MHz of bandwidth. 
 
Figure 2: 3GPP LTE FDD & TDD Spectrum Bands 

 
Source: 3GPP 
 
Spectrum is the ultimate scarce resource for any mobile broadband operator, and all available 
bands should be exploited to secure sustainable revenue growth for mobile operators in the long 
term. These eight TDD bands offer an additional 345 MHz of unpaired spectrum that can be used 
to offer LTE. And there are more bands to come: The LTE TDD standard is also expected to be 
extended to Band 41 (3.5 GHz) and Band 42 (3.7 GHz). Unpaired bands compatible with LTE 
TDD are becoming available for new or existing mobile operators looking for new spectrum re-
sources. This means that an operator may introduce LTE in "new" bands where it is easiest to 
deploy 10MHz or 20MHz carriers, and eventually deploy LTE in of these all bands. 
 
One of the main challenges facing LTE TDD network and equipment developers is to identify and 
prioritize bands that address the most attractive current and future LTE TDD markets, to focus 
development efforts. Market size is critical to achieve economies of scale on equipment and solu-
tions for mobile broadband. The bigger the market for LTE TDD, the more attractive the technolo-
gy becomes as result of the sum total of the efforts of a broad ecosystem of vendors and service 
providers toward a unified goal. Global standardization and regulation, led by industry organiza-
tions, vendors, and regulators, has resulted in the near-global adoption of two distinct and well-
defined unpaired bands for LTE TDD, namely Band 40 2.3GHz and Band 38 2.5GHz (sometimes 
called 2.6GHz). 
 
The variety and range of relevant bands also suggests that both network infrastructure and de-
vice vendors may benefit greatly by applying software-defined radio (SDR) techniques, which 
simplify the implementation of new bands into devices and infrastructure. Many leading LTE 
technology vendors have already incorporated some SDR principles in their platform designs. 
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III. LTE TDD Adopted by China Mobile 
TD-LTE is the term used to describe the natural evolution of the TD-SCDMA 3G standard in China 
using LTE TDD spectrum and technology. Despite its selection by China Mobile, the world's larg-
est mobile operator, TD-SCDMA was not widely adopted for 3G due to the limited availability of 
devices, early technical challenges, and its close resemblance to WCDMA. China Mobile has now 
emerged as the leader of the global LTE TDD movement, after investing four years in technology 
and standards development. 
 
Figure 3 depicts the major TD-LTE development milestones achieved by China Mobile and its 
operator and ecosystem partners from 2007-2010. In order to ensure the success of the TD-LTE 
standard, China Mobile has conducted extensive R&D, lab and field trials, productization, and 
ecosystem development. China Mobile has also been working closely with operator partners such 
as Vodafone and Verizon and international organizations such as 3GPP, Next Generation Mobile 
Networks (NGMN), LTE/SAI Trial Initiative (LSTI), the GSM Association, and others to promote 
LTE FDD/TDD converged and synchronized development. China Mobile has actively participated 
in all 3GPP working group activities and contributed heavily to the 3GPP standardization of LTE. 
China Mobile has led NGMN's LTE TDD task forces and has contributed to LSTI's LTE TDD trial 
milestones. As a result of these efforts, the 3GPP LTE standard now harmonizes both LTE FDD 
and TDD, so that no matter whether an operator owns paired frequency spectrum or unpaired 
frequency spectrum, they can deploy LTE. 
 
Figure 3: TD-LTE Development Milestones 

 
Source: China Mobile Research Institute 
 
China Mobile also deployed and operated the world's first live demonstration of a TD-LTE scaled 
network in the Shanghai World Expo, attracting an estimated 70 million visitors over six months 
during the summer of 2010. The demonstration network included 17 macro base stations cover-
ing the Expo Site of 5.28 square kilometers, and indoor pico base stations covering nine major 
indoor pavilions. As indicated in Figure 4, several major vendors provided system equipment to 
support the TD-LTE demonstration network. The network allowed China Mobile and its partners 
to showcase a wide range of CPE equipment including desktop modems, data cards and the first 
TD-LTE smartphone prototypes using chipsets from several major vendors. Several mobile 
broadband applications were presented in these demos, including Mobile High-Definition Video 
Surveillance, Mobile High-Definition Conference, and Mobile High-Definition Video on Demand. 
 
China Mobile conducted a second set of TD-LTE network demos at the 2010 Asian Games, also 
known as the XVI Asiad, that took place in Guangzhou, China, in November 2010. This included 
high-definition video on demand services and the first demonstration of TD-LTE mobile media 
vehicles to perform data transmission of live television coverage of the games. 
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Figure 4: China Mobile TD-LTE Demonstration Network at Shanghai World Expo 

 
Source: China Mobile Research Institute 
 
LTE TDD has gained significant momentum with China Mobile's commitment to conduct several 
large-scale TD-LTE network field trials, starting at year-end 2010. As depicted in Figure 5, these 
field trials will be conducted in four selected major cities in China, covering more than 100 million 
points of presence with a minimum scale of more than 100 base stations and 5,000 UEs per city. 
China Mobile plans to use 50 MHz of TDD spectrum from 2570-2620 MHz at Band 38 for outdoor 
TD-LTE deployment and 50 MHz from 2320-2370 MHz at Band 40 for indoor TD-LTE deploy-
ment. Recent reports indicate that China Mobile may expand these plans, investing some 1.5 
billion Yuan to extend the trials to six major Chinese cities and more than 3,000 indoor and out-
door base stations. 
 
China Mobile has built 11 TD-LTE trial networks and plans to launch eight more between 2010 
and 2011. As result of these commitments, TD-LTE infrastructure from multiple vendors is ready 
for the deployment of large-scale trial and initial commercial usage. In addition, the first pre-
commercial FDD/TDD single baseband chipsets are expected to be available at the end of 2010. 
 
Figure 5: China Mobile's Commitment to Large-Scale TD-LTE Network Field Trials 

 
Source: China Mobile Research Institute 
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IV. Performance of LTE FDD & TDD Technologies 
LTE TDD is complementary to LTE FDD, and the common radio frequency (RF) technology sup-
ports roaming and handoff between TDD and FDD. However, the differences between these 
technologies will allow mobile operators to utilize large bands of fragmented and up-paired TDD 
spectrum around the world at relatively low cost. The two modulation schemes embraced by the 
3GPP for LTE have many features and attributes in common, including spectral efficiency, low 
latency, effective coverage, flat all-IP architecture, and MIMO support. 
 
LTE TDD uses OFDMA modulation on the downlink data stream enabling the relatively simple 
implementation of multiple-input/multiple-output (MIMO), beamforming, and various other intelli-
gent radio techniques. It has a configurable downlink and uplink frame structure, assigning proper 
resources according to user traffic types, while LTE FDD has to keep symmetric downlink and 
uplink resources, which at times means it has too much uplink resources but not enough downlink 
resources. LTE TDD also has reciprocal downlink and uplink channels, so that advanced multi-
antenna processing techniques could be used to improve interference mitigation and enhance the 
base station throughput performance. For example, using eight-antenna dual-layer beamforming, 
a 30 percent gain can be expected on average cell throughput and 60 percent gain on the cell 
edge throughput over baseline 2X2 MIMO configuration. 
 
In essence, all of these methods use multiple antennas and advanced signal processing in order 
to extract higher data delivery efficiency from the same frequency band and power level, boosting 
both cell capacities and end-user speeds. In theory, 2x2 MIMO – currently the most common con-
figuration delivered by LTE vendors – can boost cell capacities by 100 percent, although practical 
factors (such as antenna spacing and radio propagation characteristics) limit the benefit to plus 
30 percent to 40 percent. The techniques are particularly important for LTE TDD because of its 
reduced coverage and capacity compared to LTE FDD, for example. Higher MIMO schemes – 
such as 4x4 MIMO – are under development and have been tested by leading LTE vendors. 
 
LTE TDD networks will exhibit a slightly lower end-user perceived data rate compared to LTE 
FDD. Figure 6 shows relatively conservative values for the peak and average end-user data 
rates of LTE TDD as compared to LTE FDD. The confirmed peak rates are from the LSTI, while 
the expected average real rates are derived from industry consensus real FDD rates, as the two 
technologies employ similar radio interface schemes. In this table, a paired 20MHz band rate for 
FDD is compared to a single unpaired 20MHz band and 8:1 split ratio for TDD. Average rates 
designate the expected performance under normal load conditions. 
 
Figure 6: Conservative Estimates of End-User Rates for LTE TDD & LTE FDD 

DATA RATES LTE TDD LTE FDD PARAMETERS 

Peak rate downlink 100 Mbit/s 100 Mbit/s Normalized to 20MHz bandwidth 

Peak rate uplink 30 to 50 Mbit/s 30 to 50 Mbit/s Normalized to 20MHz bandwidth 

Average rate downlink 28 Mbit/s 35 Mbit/s 2x2 MIMO, 20MHz bandwidth, 
and 8:1 ratio for LTE TDD (down/up) 

Average rate uplink 2 Mbit/s 15 Mbit/s 2x2 MIMO, 20MHz bandwidth, 
and 8:1 ratio for LTE TDD (down/up) 

Source: LSTI and Heavy Reading Calculations 
 
Throughout China Mobile's field tests, TD-LTE equipment has lived up to its theoretical perfor-
mance specifications, including peak data rates of up to 81.8 Mbit/s for downlink and 29.2 Mbit/s 
for uplink. The user plane latency is less than 30 milliseconds, and the control plane latency is 
less than 100 ms for the best case. Mobility handover success rate has been over 97 percent with 
downlink and uplink interruption time of less than 100 ms for the best case. Uplink coverage 
ranges from 1.85 km to 3 km, and downlink coverage ranges from 1.85 km to 4.5 km. 
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One benefit of LTE TDD, with its frequency reuse of one, is the practical deployment of networks 
using bands as low as just 10 MHz (although this will reduce peak end-user data rates by half). 
The variety and range of relevant bands also suggests that radio technology vendors of both 
infrastructure and devices may benefit greatly by applying software-defined radio (SDR) tech-
niques, which simplify the implementation of new bands into devices and infrastructure. Many 
leading vendors incorporate some SDR principles in their platform designs. 
 
For LTE TDD, most vendors offer so-called distributed radio network systems as an option, where 
baseband (signal processing units) and radio units (RF modules or remote radio heads [RRHs]) 
are physically separated and connected over optical fiber via the Open Base Station Architecture 
Initiative (OBSAI) or Common Public Radio Interface (CPRI) protocols. There are many benefits 
of such a scheme, as traditional RF feeders no longer attenuate RF signals, resulting in improved 
radio performance relative to traditional deployments. Radio units are then installed next to an-
tennas, which reduces site space requirements, since only compact baseband units need to be 
housed. Vendors often refer to this scheme as a "zero footprint" solution because of its limited 
physical site requirements. 
 
Distributed radio systems are the basis for multi-standard or multi-mode base stations, because 
today's baseband units are designed to support multiple standards, including LTE TDD, LTE 
FDD, HSPA, WCDMA, and GSM. For deployment of parallel technologies, mobile operators need 
only install either a single, multi-standard radio unit or additional RRHs. RF modules usually sup-
port three sectors (cells) in one cabinet, while RRHs are optimized for single-sector outdoor dep-
loyment close to the antennas. Multi-standard radio is sometimes called SDR – although strictly 
speaking, current solutions are not pure SDR but merely an expansion of the radio capabilities of 
power amplifiers and receivers to cover a wider range of frequency bands and radio standards 
within a single unit (in some cases through software reconfiguration). 
 
LTE TDD is well adapted to provide urban and suburban mobile broadband coverage, but is con-
versely not particularly effective in creating the longer cell ranges needed for cost-efficient rural 
coverage. Due to the use of relatively high frequency bands, LTE TDD provides cell ranges that 
are 25 to 30 percent shorter than the equivalent cell ranges for FDD at the same frequencies. 
Typical cell ranges for LTE TDD range from a few hundred meters to several kilometers, although 
effective data rates at the cell edge drop off quickly with increasing distance from the base station 
site. LTE TDD provides only 55 percent of the area coverage afforded by LTE FDD, at a down-
link/uplink ratio of 2:1. 
 
There are several deployment scenarios to consider in a hybrid LTE FDD and TDD network: 
 

• The ideal deployment scenario (from a cost of deployment point of view) for LTE TDD is 
an urban area, where delivering a high traffic handling capacity per square kilometer is 
paramount. In this approach, additional capacity would be deployed using a TDD micro/ 
picocell layer in high traffic urban areas. 

• Another practical deployment scenario is to use high-capacity HSPA+ on FDD spectrum 
for national/outdoor coverage and employ LTE TDD in urban and dense suburban areas, 
where high capacities are required. This offers opportunities for India BWA licensees to 
deploy TDD macrocells in the 2.3GHz band, where they can rely on partnership agree-
ments with other 3G and BWA service providers to ensure service availability through na-
tional roaming. 

• LTE TDD 4G femtocells TDD femto/picocells can also be used to significantly improve 
indoor coverage, complementing FDD macrocell network coverage. In its large-scale LTE 
trials, China Mobile will use 2.6GHz TDD spectrum for outdoor and 2.3GHz TDD for in-
door coverage, and several vendors are focusing their efforts on these indoor coverage 
solutions. 
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V. LTE TDD Technology Ecosystem Development 
Over the past few years, an extensive global technology ecosystem has developed that supports 
the rapid end-to-end development of LTE FDD and TDD networks. As shown in Figure 7, China 
Mobile has joined forces with a wide range of mobile operators under the umbrella of 3GPP to 
drive the harmonization of a common technology ecosystem for both LTE FDD and LTE TDD. 
China Mobile has partnerships with eight international telecom operators to jointly promote the 
growth of the LTE TDD ecosystem. With more than 80 operators representing some 33 countries 
that have committed to LTE trials and deployments, a rapidly growing number have adopted LTE 
TDD spectrum for some aspect of their deployment plans. China Mobile estimates that mobile 
operators are already deploying 11 trial and pre-commercial LTE TDD networks, with another 
eight trials planned for 2011. 
 
Figure 7: Global Ecosystem Contributes to Rapid Development of LTE FDD & TDD 

 
Source: Heavy Reading and China Mobile Research Institute 
 
The technology ecosystem supporting LTE TDD is also rapidly growing to include many of the 
leading chipset developers and CPE device, handset, and infrastructure equipment manufactur-
ers. Seven of the leading base station system vendors have already completed technical lab and 
field trials for LTE TDD in the 2.3GHz and 2.6GHz bands. In addition, seven major system ven-
dors and six terminal chipset vendors supporting LTE TDD are now working closely with global 
test equipment vendors to conduct interoperability testing and trials in Beijing. This validation and 
certification process is designed to ensure the reliability and interoperability of TD-LTE terminals. 
The development of LTE TDD networks has great potential worldwide, but it hinges on the avail-
ability of commercial LTE TDD handheld devices that are compatible with LTE FDD. 
 
Even with these efforts, the current cost of LTE TDD devices is too high to drive mass-market 
adoption. The cost of LTE TDD single-mode USB modems are still in the $200 range, which is six 
to seven times higher than current 3G or WiMax data cards. There is likely to be a similar cost 
difference in the first LTE TDD smartphones until the adoption rate starts to drive down the cost 
curve. Although the next 4 billion subscribers are likely to experience broadband Internet using a 
mobile device and network, LTE TDD device costs must be rapidly reduced to gain parity with 
other 4G technologies. To expand the ecosystem and drive economies of scale, China Mobile is 
currently seeking contributions of terminal devices, base stations, and chipsets from Taiwan-
based manufacturers to support the supply chain for the deployment of TD-LTE in China. 
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VI. Key Drivers for LTE TDD Networks in China & Beyond 
Mobile operators are already seeing smartphone penetration growing so fast that is expected to 
double over the next four years, with markets such as the US leading the way with 60 percent 
smartphone market penetration by 2015. Monthly average mobile data consumption per sub-
scriber in 2010 is already approaching 1 GB per month, even as penetration of smartphones is 
still below 20 percent worldwide. With 180 million sold in 2009, Pyramid Research projects 3G 
and 4G smartphone sales to increase 46 percent in 2010, and smartphones are projected to ac-
count for 53 percent of total mobile handset sales worldwide by 2015. Figure 8 depicts the range 
of powerful smartphone mobile devices, tablets, connected netbooks, and laptop computers that 
are driving new user behavior to stay connected at all times. The rapid adoption of connected 
devices is causing data traffic on many mobile networks to double each year. With faster proces-
sors, larger touch-screens, more advanced cameras, and multimedia capabilities, advanced 
smartphone users are demanding higher-speed network connections, and operators are compet-
ing to attract and secure these high-ARPU mobile broadband subscribers. 
 
Figure 8: 3G & 4G Smartphones, Embedded Tablets, Netbooks & DataCards 

 
 
As smartphones and data-intensive tablets continue to drive huge spikes in user adoption, sub-
par 3G networks are no longer sufficient to handle the massive increase in mobile data traffic. 
Today many mobile operators are running their 3G networks at full capacity for radio access and 
backhaul, trying to meet the ever-increasing demand for mobile data capacity. For some 3G mo-
bile operators, bandwidth consumption of their highest-usage subscribers is already starting to 
strain network capacity, and their existing 3G networks have begun to reach their limits in the 
ability to support large numbers of mobile broadband users and rapidly growing data traffic vo-
lume. Some 3G mobile broadband operators have been forced to introduce rate plans with usage 
caps designed to both limit abuse and open up a larger mass market of lower-volume users. Al-
though many operators are continuing to invest in the evolution of 3G networks using existing 
spectrum resources and HSPA+ technology, others have initiated the transition to true 4G by 
embracing LTE to gain a competitive advantage in the mobile broadband market. Even those op-
erators committed to HSPA+ upgrades over the next two years anticipate the need to initiate LTE 
deployments beginning in 2013, in order to dramatically reduce their cost structure. 
 
Already more than 80 mobile operators have committed to deploying LTE in some 33 countries 
worldwide, and many have begun technical evaluation and network trials. As indicated in Figure 
9, nine official LTE commercial launches have been announced in 2010, and an additional 11 are 
expected before the end of the year. The first commercial LTE networks being launched in Scan-
dinavia and the US during the second half of 2010 are all based on LTE FDD, initially supporting 
USB data cards offering high-speed mobile Internet access for notebook and netbook computers. 
With commercial availability of Verizon's LTE services imminent, MetroPCS declared itself to be 
the first US mobile operator to launch commercial LTE in select cities, including Las Vegas, Dal-
las-Fort Worth, and Detroit. MetroPCS is offering its LTE service with flat-rate monthly plans and 
plans to expand LTE coverage to include 11 additional major markets in early 2011. Verizon 
Wireless launched its new LTE network using 700MHz FDD spectrum in December 2010, with 
initial service availability in 38 major US markets covering approximately 110 million POPs, along 
with 60 airports. Based on extensive field tests in Boston and Seattle, Verizon Wireless predicts 
its LTE network will provide a 10X increase in mobile broadband capacity over its EVDO network. 
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Figure 9: Leading Mobile Operators Planning LTE Deployments 

MNO LTE TRIALS – PLANNED DEPLOYMENTS BAND DATE 

MetroPCS 
Verizon Wireless 

US 
1.7/2.1 GHz 

700 MHz 
2010 

AT&T US 700 MHz 2011 

Telenor/Tele2 Sweden 2.6 GHz 2010 

TeliaSonera Sweden and Norway 2.6 GHz 2010 

Orange France 2.6 GHz 2011 

Vodafone Germany 800 MHz/2.6 GHz 2011 

Telefónica Germany 800 MHz/2.6 GHz 2011 

Telefónica Spain, UK, Czech Republic, Argentina, Brazil 2.3 GHz 2010 

Maxis - Celcom Malaysia N/A 2011 

DoCoMo Japan 2.1 GHz/1.5 GHz 2011 

China Mobile Beijing, Shanghai, Guangzhou, Nanjing, 
Shenzhen, and Xiamen 

2.3 GHz and 2.6 GHz 
(TDD) 2011 

SK Telecom Seoul 2.3 GHz (TDD) 2011 
Source: GSA and Heavy Reading Calculations 
 
Verizon Wireless is offering only one LTE USB dongle and embedded notebooks at launch, and 
expects to have a growing portfolio of LTE smartphones starting in the first quarter of 2011. Me-
troPCS is currently subsidizing the sale of the new LTE-enabled Samsung Craft smartphone, and 
is planning to launch additional devices to increase its portfolio of 4G feature phones and touch-
screen smartphones in 2011. The first LTE FDD smartphones will become available by year-end 
2010, offering blazing fast broadband speeds and enhanced performance for multimedia applica-
tions. In 2011, we expect every major vendor to introduce LTE smartphones, including Apple, 
RIM, Samsung, Motorola, Nokia, and LG. 
 
The industrialization of LTE TDD advancing side by side with LTE FDD and the rapid develop-
ment of the LTE TDD ecosystem are also driving the global wave of TDD spectrum allocation and 
auctions around the world. Global interest in adoption of LTE TDD technology is growing due to 
the scarcity and high price of available spectrum in existing paired bands. Unpaired bands com-
patible with LTE TDD are becoming available for new or existing mobile operators looking for new 
spectrum resources. 
 
Global standardization and regulation, led by industry organizations, vendors, and regulators, has 
resulted in the nearly global adoption of two distinct and well-defined unpaired bands for LTE 
TDD, namely 2.3 GHz and 2.6 GHz. Figure 10 indicates that 16 of the world's largest countries in 
addition to China have already allocated spectrum to LTE TDD in the 2.3GHz and/or 2.6GHz 
bands. Other bands are expected to follow. 
 
Global harmonization of LTE TDD frequency bands is expanding the potential market size, and 
this is critical to achieve economies of scale on equipment and solutions for mobile broadband. 
The potential market for 4G mobile broadband in China could be more than 100 million subscrib-
ers, and China Mobile's TD-LTE plans are geared to unleashing that demand beginning in 2011. 
LTE TDD bands have also been auctioned in India, and several Indian operators expect that LTE 
TDD will be a successful technology for an Indian mobile broadband market that could be nearly 
as large as China's. This simplistic analysis suggests that China and India alone could drive the 
LTE TDD mobile broadband market to more than 50 million subscribers by 2015. The bigger the 
market for LTE TDD, the more attractive the technology becomes as result of the sum total of the 
efforts of a broad ecosystem of vendors and service providers toward a unified goal. 
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Figure 10: Regional Allocation of LTE TDD Spectrum in the 2.3GHz & 2.6GHz Bands 

COUNTRIES 2.3 GHZ 2.6 GHZ 

India 60 MHz  30 MHz  

Germany  –  50 MHz  

Finland  –  50 MHz  

Norway  –  50 MHz  

Sweden  –  50 MHz  

Hong Kong 90 MHz  50 MHz  

Taiwan  –  90 MHz  

Korea 90 MHz  70 MHz (TBC) 

Japan  –  95 MHz  

Singapore 50 MHz  184 MHz  

Australia 100 MHz  planning  

Vietnam 100 MHz >20 MHz 

New Zealand 70 MHz 65 MHz 

Malaysia 100 MHz 60 MHz 

USA  –  50 MHz 

Brazil  –  50 MHz 
Source: China Mobile Research Institute 
 
The world's largest mobile operator by subscribers, China Mobile, has adopted LTE TDD tech-
nology as the technology of choice for so-called 4G services. The size of the Chinese mobile 
broadband market is potentially in excess of hundreds of millions subscribers. Some sources 
suggest that there will be more than 300 million Chinese mobile broadband subscribers by 2014. 
In India, LTE TDD bands have also been auctioned, and we expect that LTE TDD will be a suc-
cessful technology for an Indian market that is nearly as large as the Chinese market. 
 
Several mobile WiMax (IEEE 802.16e) operators, including Clearwire, Sprint, and Yota, have re-
cently announced interest in LTE TDD. Prospective migration (or operation of parallel LTE TDD/ 
WiMax networks) is facilitated by the fact that WiMax and LTE TDD frequency bands in many 
cases overlap, and by vendors offering aggressive technology upgrade paths from WiMax to LTE 
TDD. However, the competitive situation between LTE TDD and WiMax is not clear-cut, because 
mobile WiMax is already a mature technology offering widespread commercial availability of low-
cost devices, while LTE TDD is emerging as a competitor only now. 
 
Lowering the cost of delivering a gigabyte of mobile data to a user is becoming critical for mobile 
broadband and BWA-type operators. LTE TDD promises roughly the same low cost of data deli-
very as LTE in general, and may be preferable in the case of some broadcast applications, such 
as mobile TV, and a more efficient means of transport where traffic is asymmetrical. LTE TDD is 
expected to offer a significantly lower delivery cost. Traditionally, spectrum for mobile services 
has been allocated by regulators in two equal, paired bands to serve uplink and downlink data 
streams, thus avoiding radio interference. But mobile broadband traffic is dominated by downlink 
traffic – i.e., much more data streams from the network to the user than vice versa. LTE TDD is 
ideal for allocating unequal slices of data delivery capacity to uplink and downlink data streams. 
In this way, better spectrum efficiency is achieved for typical mobile broadband applications. This 
may help mobile operators to achieve a higher rate of return on their investment into RF licenses. 
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VII. LTE Advanced Creates a Path for 4G Convergence 
Both LTE FDD and LTE TDD are defined in 3GPP Release 8, which is already frozen, and further 
harmonized in Release 9, which is about to be completed. As depicted in Figure 11, the 3GPP 
has harmonized FDD and TDD in LTE Releases 8 through 10. The 3GPP LTE Release 10 & 
Beyond (LTE-Advanced) was submitted as a candidate technology for IMT-Advanced developed, 
and it was recently accepted as a 4G technology at the Chongqing meeting of ITU-R Working 
Party 5D, successfully complying with or exceeding the ITU established criteria in all aspects. The 
final ratification of LTE-Advanced as a member of the full IMT-Advanced technology family has 
now taken place at the ITU-R Study Group meeting on November 22 and 23 in Geneva, Switzer-
land. 
 
Figure 11: 3GPP Harmonization of FDD & TDD in LTE Releases 8 Through 10 

 
Source: 3GPP and China Mobile Research Institute 
 
Figure 12 depicts the evolution of the four major mobile broadband technology paths. The har-
monization of LTE FDD and TDD under 3GPP LTE Advanced has now been confirmed by the 
ITU, reinforcing the global unification of the leading mobile operators and technology companies 
in developing market-oriented, high-performance broadband mobile wireless systems. The emer-
gence of a common, harmonized standard and ecosystem for LTE, embracing both FDD and TDD, 
also creates a potential path for 4G convergence across the global mobile broadband industry. 
 
Figure 12: LTE Advanced Creates a Path for 4G Convergence 

 
Source: Heavy Reading 
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