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1. Introduction

Evolved UTRA should support frequency-division duplex (FDD) as well as time-division duplex (TDD). Although this may be realized using the greatest possible commonality of design, some specific properties/capabilities of FDD and TDD arrangements should be taken into account. TDD operation will bring advantages on some aspects in the physical layer as well as MAC layer. This paper summarizes the TDD-specific characteristics, and suggests these characteristics should be studied and evaluated in the LTE Study Item. 

The EUTRA-TDD system could provide better support to same advanced operations. Some of the most essential aspects are summarized as follows:

· Well supporting adaptive technologies. Because the downlink and uplink of TDD system are located in the same band, CSI (Channel State Information) can be obtained from the reception, then is used instantly in the transmission. Thus the link adaptation can be realized with shorter latency, lower complexity and better performance. 

· Well supporting the Ad hoc communication. It is much simpler and more practical to implement the peer-to-peer Ad hoc communication, and fully explore the potential of Ad hoc transmission.

· Well supporting asymmetrical services. By flexibly allocating resources such as time-slots and sub-carriers, TDD system can provide services with various data rates according to requirements of users.

2. Link adaptation in EUTRA-TDD system

Two link adaptation schemes can be adopted in the EUTRA TDD system: Open-Loop Link Adaptation (OLLA), and Close-Loop Link Adaptation (CLLA).
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Figure 1 Close-Loop Link Adaptation

CLLA scheme can be explained using Figure 1. In the nth frame of uplink, the channel state information (CSI) is obtained at the NodeB from the received signal. Based on the CSI, the adaptive transmission parameters are determined, and then are fed back to the UE through downlink signaling in the n+1th frame. Then the transmission configuration adapted to the channel is applied in the uplink in the (n+2)th frame. It can be found that, in a CLLA system, the link adaptation is realized after a 2-frame latency. Meanwhile, in order to obtain and feedback the adaptive transmission parameters, a series of operations have to be taken, which will substantially increase the system complexity.
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Figure 2 Open-Loop Link Adaptation

OLLA scheme is interpreted as in Figure 2. In the nth frame, the NodeB obtain the CSI from the downlink reception, and determine the transmission configuration adapted to the current channel condition. Then in the n+1th frame uplink transmission, the adaptive configuration is applied instantly. Compared to the CLLA, the OLLA scheme can realize the link adaptation only after a 1-frame latency. Hence the OLLA is more robust against the fast varying of channel environment. Meanwhile, the implementing complexity of OLLA is relatively low. 

However the OLLA scheme can only be adopted based on the assumption that both uplink and downlink are accommodated in the same frequency band. On in this case the uplink CSI and downlink CSI can be converted to each other.

In EUTRA-TDD system, both the uplink and downlink are accommodated in the same frequency band. As a result, the system can make use of the time correlation of the channel to learn the CSI from the reception, and use it instantly in the transmission. Hence OLLA can be straightforwardly applied in EUTRA-TDD system. This is a remarkable advantage for TDD system. Thanks to the OLLA, the TDD link adaptation has a shorter latency and lower complexity than FDD.
The link adaptation can be performed on following aspects:

· Adaptive Modulation and Coding (AMC)
· Adaptive MIMO
· Adaptive frame structure
· Other adaptive transmission techniques

2.1. Adaptive Modulation and Coding (AMC)

The principle of AMC technique is to change the modulation and coding scheme (MCS) according to the variations of the channel conditions. Properly selecting MCSs is essential for the AMC operation. In EUTRA-TDD system, the downlink CSI can be estimated based on the CSI of the uplink. Hence a more efficient AMC could be implemented.

Modulation and coding rate (MCR) is an important parameter corresponding to each MCS, which is defined as the number of information bits per symbol after coding and modulation. It describes the modulation and coding efficiency of an AMC scheme. The value of MCR should be able to vary in a proper step, and cover a wide range to satisfy requirement of kinds of data rate. A sample of MCSs and corresponding MCRs are listed in Table 1. Note that the coding scheme is Turbo codes.

Table 1 Some AMC schemes and Modulation Coding Rate

	MCS
	Modulation
	Code Rate
	MCR (Bit/Symbol) 

	MCS1
	QPSK
	1/3
	0.667

	MCS2
	QPSK
	1/2
	1

	MCS3
	QPSK
	3/4
	1.5

	MCS4
	16QAM
	1/2
	2

	MCS5
	16QAM
	3/4
	3

	MCS6
	64QAM
	3/4
	4.5


2.2. Adaptive MIMO

In a realistic wireless transmission environment, a MIMO channel can be characterized in time, frequency and spatial dimensions. In the time dimension, the time selective fading will occur when the Doppler spread of the channel is larger than the bandwidth of the baseband signal. In the frequency dimension, frequency selectivity fading occurs when the symbol duration is less than the maximum delay. In the spatial dimension, spatial selective fading occurs due to the spatial correlation. And the spatial correlation is determined by the distribution of the scatters, the antenna configuration and the antenna polarization. Most of MIMO schemes are designed to be adaptive merely in time and frequency dimension. However, due to the existence of spatial correlation, the MIMO channel capacity could severely degrade in which some MIMO scheme may perform poorly. Hence we propose that the adaptive MIMO could be employed to guarantee the system performance.

The advantages of adaptive MIMO may include:

· Guarantee system performance in various MIMO channel conditions

· Reduce the transmit power

· Fully explore the capacity of the MIMO channel

2.2.1 Select the MIMO scheme adaptively
In a practical MIMO channel, the performance of MIMO schemes may be affected by the spatial correlation. In other words, different MIMO schemes will give different performance in different channel conditions. Transmit diversity and spatial multiplexing may suffer a substantial degradation from a high spatial correlation. On the contrary, a low spatial correlation will prevent beamforming from achieving a satisfactory performance. Hence the adaptive MIMO scheme is desired to solve this problem. 

Even though the antenna configuration is fixed, the MIMO schemes (such as beamforming, transmit diversity, spatial multiplexing) can be adaptively selected.

2.2.2 Adaptively change the MIMO configurations
After a given MIMO scheme is selected, the system can also select the suitable antennas and methods adaptive to the channel condition to guarantee the system performance.

Another configuration possible to be adaptively changed is the transmit power. Adaptively allocating transmit power to each antennas can effectively enhance the performance and reduce overall required power. 

2.3. Adaptive frame structure
The adaptive frame structure is proposed to maximize the spectral efficiency while guaranteeing the performance of channel estimation. In this technique, the frame structure can be optimized separately for users with different vehicle speeds and different channel conditions.
2.3.1 Why to employ adaptive frame structure

The adaptive frame structure can be employed to balance the requirement of high spectral efficiency and effective channel estimation.

Higher data rate is one of the essential requirements of Evolved UTRA. Accordingly, the expense of pilot insertion should be minimized. The density of pilot insertion in a frame structure substantially impacts the data rate. Hence the number of pilots should be minimized as long as the performance is guaranteed.
The accurate channel estimation is essential to achieve a satisfactory system performance. An effective channel estimation should properly cope with the Doppler effect. The density of pilot insertion can be dynamic changed along with the Doppler shift. As the channel changes more rapidly and the Doppler shift increases, a denser pilot insertion is required to guarantee the interval between pilots to be smaller than the coherence time. 
2.3.2 Consideration of adaptive frame structure
For a wireless system in which users have different moving speeds, the fixed frame structure is not a promising design for saving system resources meanwhile achieving the target performance. 

Adaptive frame structure should be considered on the basis of the adaptive pilot insertion. The density of pilots should be a tradeoff between high data rate and optimized channel estimation. The adaptive pilot insertion should be based on a scalable pilot structure adaptive to various vehicle speeds. A basic pilot structure can be improved by inserting more pilots between adjacent two.

Moreover, the adaptive frame structure can also be designed to support different asymmetric services. In the frame structure, the uplink/downlink timeslots can be adaptively allocated to satisfy the different bandwidth requirements in TDD uplink and downlink.

3. Ad hoc application in EUTRA-TDD system

We suggest that the Ad Hoc communications should be supported in the Evolved UTRA System for the reasons below: 

· Increasing robustness and scalability;

· Extending the coverage;

· Balancing the traffic load between hot spot and wide-range coverage;

· Supporting dynamic topology;

· Supporting high-data-rate connectivity based on multi-hop technology;

· Reducing the total consumed power;

· Increasing the utilizing efficiency;

· Increasing the network capacity.

The TDD mode enables a more practical implementation of Ad Hoc communication in lower complexity. The direct communication link cannot be treated as the traditional-defined uplink or downlink. It is not difficult to find that the FDD mode does not support the simultaneous Ad Hoc transmissions for a large number of UEs because the links can only be separated in the frequency domain. However, in TDD systems, different Ad Hoc links can be accommodated in the same frequency band but different time-slots. Meanwhile, the Ad Hoc transmission can be implemented more effectively in the TDD UEs, with a relatively low complexity. 

4. Conclusions
In this contribution, some samples of TDD specific characteristics are presented, which will bring considerable advantages to the EUTRA system, on the aspects of link adaptation, Ad hoc, etc. Moreover, some implementing parameters should also be considered especially for the TDD mode. Therefore we suggest that the TDD-specific properties should be carefully studied in the Study Item of LTE, although the greatest possible commonality of design is desirable.
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