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1. Introduction

Since the channel reciprocity can be exploited to obtain better performance by adopting advanced algorithms, and due to the inherent fitness to the unpaired frequency bands, TDD mode is a very promising duplex mode for Evolved UTRA. In this contribution, considerations for the LTE PHY layer of TDD mode are introduced.

2. Transmission Techniques Considered

The EUTRA targets a system with up to 100Mbps data rates and 2~4 times higher spectral efficiency than that can be achieved in Rel 6 systems [1]. Another essential requirement is to increase “cell edge” bit rate. First, in order to meet the above requirements, MIMO should be supported. MIMO technique is an effective way to enhance the spectrum efficiency and improve transmission performance by taking advantages of spatial diversity. Analysis and simulations proves that MIMO can provide high spectrum efficiency of 20 ~ 40 bits/s/Hz [2]. An important MIMO scheme is spatial multiplexing (such as D-BLAST and V-BLAST [3]), in which the channel state information (CSI) is only needed at the receiver. 

Since bandwidth of up to 20MHz bandwidth should be supported in EUTRA, the system will face to much more severe multipath dispersion, and then a more complicated time-domain equalization is required for conventional single carrier system. Due to the excellent capability of combating the frequency selective fading and inter-symbol interference (ISI), OFDM is very suitable for high data rate broadband wireless communications.

OFDM is also very suitable for MIMO transmission. Since in OFDM, the wideband frequency selective fading channel is divided into many flat fading subcarriers, the MIMO signal processing can be substantially simplified.
In the LTE system, a wide range of data rates need to be supported, e.g. from ~Kbps to ~100Mbps, hence the system should be able to utilize scalable bandwidth. Meanwhile the flexible combinations of different multiple access schemes including OFDMA, TDMA, SDMA should also be considered. 
3. Multiple Accesses
3.1. OFDM Modulation
OFDM is a superior modulation scheme supporting high data rate transmission. It splits a high-rate data stream into a number of lower rate streams, and then transmits them in parallel through narrow-band subcarriers. High spectral efficiency is achieved due to the orthogonality between overlaping subcarriers. It is robust against the multi-path fading because the inter-symbol interference (ISI) can be completely eliminated by introducing a guard interval in each OFDM symbol, in which the OFDM symbol is cyclically extended. Thus the inter-carrier interference (ICI) can be avoided even after the multipath fading. In high data rate transmission this merit becomes more crucial [8,9]. Moreover, OFDM has a low complexity thanks to the FFT implementation. 
OFDM could be easily combined with other multiple schemes, including FDMA, TDMA and CDMA, in order to support multi-rate services and to achieve a frequency reuse factor of 1 [10]. OFDM-CDMA assigns a subset of orthogonal codes to each user, thus information symbols are spread in either frequency domain or time domain. In OFDMA systems, the signal of each user is transmitted via a set subcarriers, within the duration of several OFDM symbols. In our proposal, the interleaved OFDMA/TDMA is employed in downlink and the localized OFDMA/TDMA in uplink.  For uplink, the inaccurate synchronization and high Doppler frequency offset can substantially degrade the performance, hence the guard subcarriers are inserted between subcarrier groups. At same time, advanced RRM algorithms should be adopted to achieve the frequency reuse factor of 1. 
In an OFDM system, the MIMO processing for frequency selective fading channel can be performed for each subcarrier in a flat fading channel. The structure of the V-BLAST-based MIMO-OFDM system can be expressed as in Fig. 1.
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Fig 1 the structure of MIMO-OFDM system

OFDM signal consists of a number of independently modulated sub-carriers, which can cause a large peak-to average power ratio (PAPR). In a system with 1024 sub-carriers and 16QAM, the PAPR can reach about 12dB that has to be supported by a high quality RF amplifier at the transmitter. This becomes a crucial problem in the LTE uplink because the low-cost UE cannot meet the requirement. However some PAPR reduction techniques can be used to reduce it to less than 6 dB with acceptable performance degradation.

3.2 Frequency-domain scheduling
In an OFDMA system, the basic resource unit is a group of subcarriers. A subcarrier group is not necessarily composed of adjacent subcarriers, the interleaved subcarriers in frequency domain is also supported, as shown in Fig 2. OFDMA can also be combined with TDMA and SDMA, to provide flexible multiple access and resource allocation, as shown in Fig 3.
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Fig 2 Two-dimensional resource allocation
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Fig 3 Flexible combination of multiple access schemes

When scheduling radio resources among users (or physical channels) in OFDMA/TDMA system, two types of diversity may be exploited to improve the system performance, the frequency diversity and multiuser diversity.
A. Frequency diversity

If allocating subcarriers to a user (or a physical channel) in a distributed manner in the entire channel bandwidth, as shown in Fig 4, the frequency diversity gain can be exploited by averaging the frequency selective fading effect with interleaving and coding.
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Fig 4 Scheduling resources for frequency diversity
B. Multiuser diversity

If allocating subcarriers to a user (or a physical channel) in localized manner, as shown in Fig.5, the multiuser diversity can be exploited with dynamic frequency domain/time domain scheduling. The scheduler can always allocate a subcarrier group to the user with agreeable channel state information (CSI) in this band, so to achieve the maximum throughput. The larger the user number, the larger diversity gain obtained.
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Fig 5 Scheduling resources for multiuser diversity
3.3  Adaptive frame structure

In a TDD system, the flexible switching point between uplink time slots and downlink time slots can adapt to the traffic load of the uplink and downlink, thus the asymmetrical service can be well supported. Meanwhile, the frame structure should be designed to exploit the channel reciprocity of TDD to improve the system efficiency.    

3.4 Adaptive Pilot Structure
An adaptive pilot structure is suggested in this section. Since different vehicle speeds result in various Doppler shifts, which cause different channel correlations in time domain, adaptive pilot insertion scheme can be designed to make full use of the channel capacity. A denser pilot insertion will be adopted when a UE moves in a high vehicle speed, in order to track the fast-changing channel. When the moving speed of a UE is relative low, a relatively sparse pilot insertion can be adopted to maximize the system capacity, as shown in Fig 6.
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Fig 6 Adaptive pilot structure for variable vehicle speed

Simulation results of various data services at different mobility are shown in Fig. . It’s proved by simulation that the proposed system can support high data rate transmission up to 100Mbps even in a high vehicle speed (250km/h). The adaptive pilot structure can support a reliable transmission for the high data rate transmission.
3.5 Link adaptation
TDD system has channel reciprocity because both the uplink and downlink are accommodated in the same frequency band. Consequently, the system can make use of the time correlation of the channel to learn the CSI from reception, and use it in the transmission. Hence a TDD system is more suitable to adopt link adaptation technologies than FDD systems whose link adaptation relies on the CSI feedback.

Link adaptation technology can take full of the limited wireless resources to maximize the system throughput. By employing the AMC (adaptive modulation and coding) technique, modulation and coding schemes can be chosen adaptively according to channel condition. When the channel condition is poor, low-order modulations (such as QPSK, BPSK) and low-rate codes are adopted, whereas high-order modulations (such as 16QAM, 64QAM) and high-rate codes are employed when the channel condition is good. Modulation Coding Rate (MCR) that is defined as the number of information bits per symbol after modulation and coding can be used to describe the modulation/coding efficiency. Some modulation/coding schemes and their MCRs are list in Table 1. The coding schemes that can be adopted for LTE include convolutional coding, Turbo coding or LDPC coding.

Table 1 Some AMC schemes and Modulation Coding Rate

	MCS
	Modulation
	Coding
	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


From MCS1 to MCS6, the robustness of the schemes decreases, whereas the MCR ascends and the resulting throughput increases. The proper MCS is selected depending on the instantaneous channel condition. A set of SINR thresholds are used to trigger the switching from one MCS to another. The link adapter will always select the MCS corresponding to the SINR range the system is working in.

Besides the AMC, the link adaptation can be performed in other domains, including time, frequency, transmit power and so on. In a system adopting combined multiple access and supporting variant types of service, the link adaptation play a essential role of effectively managing the radio resources.
3.6 Power control

Since TDD system is a symmetrical system, power control can be performed easily in open-loop or closed-loop mode.

4. MIMO Transmission and Distributed Antenna System
4.1 MIMO
In order to achieve the high data rate on a limited bandwidth, advanced antenna techniques should be adopted to make full use of the spatial resources. MIMO is regarded as an effective technique to enhance the system capacity as well as improving the system performance. 

In an open network architecture, MIMO technique can be applied in several forms, such as spaced MIMO, distributed MIMO and virtual MIMO. The advanced MIMO techniques may bring extra benefits to basic MIMO technique. For example, In downlink, the number of transmit antennas is usually larger than that of receive antennas. However, with the virtual MIMO technique, this situation could be changed.  MIMO technique will show its superiority in the following aspects:

· Multiple antennas at both transmitter and receiver can substantially increase the channel capacity.

· Multiple antennas at BS can be employed to extend the coverage area. 

· Spatial multiplexing is an effective way to increase the data transmission rate.

· Spatial diversity can effectively improve the demodulation/decoding performance.

· Spatial multiplexing and transmit diversity can be used jointly to maximize the spectral efficiency.

4.2 Distributed network architecture:

The distributed network architecture is a novel cellular structure for future mobile communication systems. It is based on the multi-antenna techniques and can take fully advantages of advanced PHY techniques, such as MIMO, Space-time coding (STC), Joint Transmission/Detection (JT/JD) and so on. The distributed network architecture can involve different MIMO techniques, such as Distribute MIMO, Virtual MIMO, Multi-hop relaying (for TDD), so to provide better QoS, coverage and higher throughput.
.
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Fig 7 DL structure of distributed network architecture
The distributed network architecture would bring many advantages, such as:

· Fully explore space diversity
· Extend coverage range
· Cope with “smaller cell size” problem and avoid frequent handover
· User always feels at the centre of cell
· Avoid “Cell Edge” effect – identical QoS & data rate
· Robust against inter-cell interference
5. System performance

5.1 Performance of OFDMA/TDMA

In this section, an example of the performance of the proposed system is presented. The simulation assumption is summarized in Table 2. It should be noted that the system parameters listed here are only for reference, not necessarily the configuration of the final system. The simulation results under variable vehicle speed are presented in Fig.8.
Table 2.  Simulation Assumptions
	Carrier Frequency
	2GHz 

	Data Rate
	100Mbps 



	System Bandwidth
	20MHz

	Number of Sub-carriers 
	1024

	Used Sub-carrier
	884 

	Sub-carrier Spacing
	19.5kHz

	Cyclic Prefix
	216（10.8us）

	Length of OFDM 
	62.0us

	Guard Sub-carrier
	140

	Modulation Mode
	16QAM

	Turbo Coding Rate
	1/3

	Interleaving Time
	10ms


	Vehicle Speed
	120-250km/hour

	Channel Model
	COST207

	Number of Antennas
	8 (BS)×4 (MT)
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Fig. 8 Performance of adaptive pilot insertion schemes for 100Mbps data transmission
5.2 Performance of Distributed Antenna System

In this section, the coverage performance of the distributed antenna system is illustrated. The simulation assumptions are listed in Table 2:

Table 3 Simulation Parameters and Setting
	Parameter
	Setting

	Pathloss Factor
	4

	Shadow Deviation
	8dB

	Transmit Power
	24dBm

	Distance Between Adjacent Antennas
	1km
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Fig. 9 DL outage performance

Fig. 9 shows the outage performance of distributed network architecture in downlink. 2 or 3-site distributed systems (K=2 or 3) with Uniform Power Allocation are compared with the traditional cellular cell (K=1). By effectively utilizing diversity, better outage performance is achieved. This suggested that the coverage at the cell edge is effectively improved, and thus the average performance of the system is enhanced.
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Fig. 10 UL outage performance

Fig. 10 shows outage performance of the distributed network architecture in uplink. The simulation suggests a similar result to that in downlink. The distributed system can substantially reduce the outage probability by reducing the PDF of low SNR at the receiver end.
6. Conclusions
In this contribution, we propose an OFDMA/TDMA-based multiple access for the TDD LTE system. This scheme can provide interleaving OFDMA or un-interleaving OFDMA, together with advanced MIMO transmissions. Some main features for the proposed system is presented, e.g. distributed network architecture, AMC and the frequency domain scheduler. More details will be given in oncoming proposals in near future.
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