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1. Introduction

Many documents describing the radio access schemes for Evolved UTRA have been proposed during the meetings of RAN1#40bis and RAN1#41. OFDM based radio access scheme has become an important candidate technique for Evolved UTRA [1] [2]. In this contribution, an OFDM based radio access scheme for TDD EUTRA is outlined and proposed to include in TR 25.814 [3], including the basic transmission scheme and the basic physical layer concept.
2. Duplex scheme

During the last two RAN1 meetings, many radio access schemes have been proposed for EUTRA system, but the mainly discussion is focused on FDD mode, especially the frame structure. In this contribution, the proposed radio access scheme will be considered mainly on TDD mode. There is a certain extent difference between the TDD mode and FDD mode, due to the difference in frame structures and occupied unpaired spectrum. It is well-known that TDD mode has many advantages for packet data delivery:

TDD is a duplex scheme in the mobile communications system where both uplink and downlink traffic take place on the same spectrum. Downlink and uplink channels are separated in the time domain by dividing the time frame into slots. TDD mode is more flexible to be allocated spectrum, so it can get high spectrum efficiency.
For TDD mode, by allocating different numbers of time slots for uplink and downlink, asymmetric capacity can be obtained. Dynamic TDD systems are far more bandwidth efficient and flexible for the data-centric multimedia traffic, especially to support Internet related services.
The uplink and downlink channel responses of TDD system are reciprocal – an inherent feature of TDD system, which allows an easier access to channel-state information for advanced signal processing techniques and physical layer control.
4)    P2P (Peer to Peer) transmission can be easier realized by TDD mode.

So in this contribution, it is mainly considered the EUTRA radio access scheme for TDD mode, but the same radio access scheme to be used in FDD mode is not precluded.
3. Basic Transmission Scheme

OFDM is a superior modulation scheme supporting high data rate transmission, because of its immunity to ISI, advantage in frequency diversity and frequency scheduling, flexibility of scaleable bandwidth, simplifying receiver complexity, and being easy to use MIMO technique. There are many OFDM based WLAN standards supporting TDD mode, for examples IEEE 802.11a/HiperLAN2 and IEEE 802.16-2004/HiperMAN. So an OFDM based radio access scheme is proposed for EUTRA TDD system.

There are two main methods of sub-carrier mapping, including localized mapping and distributed mapping. In localized mapping manner, the signal of each user is transmitted via adjacent sub-carriers; in distributed mapping manner, the signal of each user is transmitted via distributed sub-carriers. For TDD mode, the localized mapping manner is employed with higher priority to utilize channel reciprocity and frequency selectivity; the distributed mapping manner is only a supplementary method to utilize frequency diversity. 

In order to combine other multiple access schemes easily, a pre-transformation may be introduced before sub-carrier mapping and IFFT operation shown in figure 1.
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Figure 1: The basic transmission scheme for EUTRA TDD

In addition, the sub-carriers allocated to each user in downlink are matchable with uplink for TDD mode to utilize the channel reciprocity. So same mapping manner is desired between downlink and uplink, for example localized OFDM for downlink and localized OFDMA for uplink. But in some scenarios the different allocation is allowed to gain more flexibility. 
3.1. Basic downlink transmission scheme

For downlink, the main multiplexing scheme is OFDM/TDM. Localized OFDM is chosen with high priority. If localized OFDM is enabled in some scenarios, such as cell edge, variable SF spreading technique with short code can be used in the pre-transformation process to decrease inter-cell interference.
3.2. Basic uplink transmission scheme
For uplink, the main multiple access scheme is OFDMA/TDMA. Localized OFDMA is chosen with high priority.

The high PAPR of OFDM is a crucial problem in the uplink, which can be overcome by some PAPR reduction techniques in pre-transformation process. If localized OFDMA is enabled in some scenarios, such as cell edge, variable SF spreading technique with short code can be also used in the pre-transformation process to decrease inter-cell interference.

4. Basic Physical Layer Concept
4.1. Frequency-domain scheduling

In an OFDM/TDM system, in addition to the time-domain scheduling, the frequency-domain scheduling can be realized to gain multi-user diversity in localized mapping manner. The scheduler can always allocate a sub-carrier group to the user with agreeable channel state information (CSI) in this sub-band, especially in TDD mode via reception channel, so as to achieve the maximum throughput. 
In distributed mapping manner, the frequency diversity gain can be exploited by averaging the frequency selective fading effect with interleaving and coding.

4.2. Link adaptation
TDD system has channel reciprocity because both the uplink and downlink are accommodated in the matched 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 technique.
HARQ and AMC should be supported.

4.3. Multiple antenna techniques
In order to achieve the high performance on a limited bandwidth, advanced antenna techniques should be adopted to make full use of the spatial resources. Two kinds of multi-antenna technique are introduced for EUTRA TDD system, including smart antenna and MIMO techniques. Because of the inherent characteristics of Smart Antenna and MIMO, the two kinds of multi-antenna technique can be combined to apply in different radio environment.

Smart Antenna can be used in the suburb or urban outdoor environment due to lack of scatters. According to the CSI, each user data can be processed in a narrow beam for reducing the inter-user inference. Therefore Smart Antenna technique can obtain some advantages, such as increasing frequency efficiency, system capacity and coverage, and decreasing the transmission power. In LTE system the requirement on coverage is optimized performance up to 5km [4], Smart Antenna is more appropriate in such wide coverage range compared to MIMO. In addition, Smart Antenna technique is a good choice to alleviate the inter-cell interference.

MIMO is regarded as an effective technique to enhance the system capacity as well as improving the system performance. In order to achieve the performance requirements, MIMO techniques are also supported, including spatial multiplexing and spatial diversity. But the MIMO techniques required a rich scatters environment, such as indoor, hot spot or other similar environment, where the mobile speed is relatively low. So the MIMO techniques are proposed to use in the areas relatively near to BS. Further more, in an OFDM based system the MIMO processing for frequency selective fading channel can be performed simply for each sub-carrier in a flat fading channel.
4.4. Inter-cell interference mitigation

For distributed mapping, the inter-cell interference is randomized like CDMA. For localized mapping, sub-carriers-based scheduling in a cell can be employed to mitigate inter-cell interference. 
MUD is another method to mitigate inter-cell interference to achieve higher frequency efficiency on cell edge. When different localized sub-carriers are allocated to two or more users belong to adjacent cell, the inter-cell interference due to non-orthogonality can be dealt with MUD. Further more, if the spread technique is used for users at cell edge, the inter-cell interference from same frequency can also be mitigated with MUD or JD.
4.5. Uplink Synchronization and Inter-Cell Synchronization
For an EUTRA TDD system, the uplink synchronization is considered, including time synchronization and frequency synchronization. The target of time synchronization is to maintain orthogonality in time domain. And target of frequency synchronization is to maintain orthogonality among sub-carriers.

Inter-cell synchronization is considered for an EUTRA TDD system, but the synchronization is mainly considered in time domain. 

5. Summary and proposal

In this contribution, an OFDM based radio access scheme is proposed for EUTRA TDD system, including downlink and uplink.

Besides the basic transmission scheme, some considerations on basic physical layer concept are introduced. It can be summarized as:

1) A pre-transformation may be introduced before sub-carrier mapping and IFFT operation, which can be easily combined with other multiple access schemes, for example variable SF spreading technique with short code.
2) TDD mode is mainly considered, but the same radio access scheme using in FDD mode is not precluded.

3) Scheduling in time domain and frequency domain is supported.

4) HARQ and AMC should be supported.

5) Smart Antenna and MIMO techniques should be supported and be combined to apply in different radio environment.

6) Considering multiple methods to mitigate inter-cell interference, such as variable SF spreading technique with short code, distributed mapping, sub-carriers-based scheduling in a cell, Smart Antenna, and MUD etc.

7) Uplink synchronization and inter-cell synchronization is considered.
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