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1. Introduction

Discussion on the LTE requirements has not been finished yet since last LTE meeting at Tokyo. A general way forward of evolved UTRAN/UTRA could be envisaged from the first list of requirements endorsed and various company proposals in the last meeting [1]. 

Here we will consider the possible MA schemes and evaluate its feasibility as a downlink transmission candidate.

2. General aspects of OFDM for downlink transmission

OFDM has become a popular technique for high data rate transmission of signals over wireless channels. It converts a frequency-selective channel into a parallel collection of frequency flat subchannels, which enables the receiver simpler. Such a flat fading-like channel obtained from OFDM modulation facilitates the introduction of high-order modulation and multiple antenna approach for broadband wireless applications. Also, the OFDM subcarriers are orthogonally overlapped in frequency domain, and then the spectrum can be used more efficiently. Using link adaptation techniques based on the estimated dynamic channel properties, the OFDM transmitter can adapt transmitted signal to match channel conditions, and approach the ideal capacity of frequency-selective channel. Thanks to such properties as flattened channel, high-order modulation and orthogonal subcarriers, it is possible to improve spectrum utilization and increase achievable peak data rate in OFDM system.

Also, OFDM can provide scalability for various channel bandwidths (i.e. 1.25, 2.5,…, 20 MHz) without significantly increasing complexity.

Currently, OFDM scheme has matured well through research and development for various wireless applications. Also, a lot of know-how in the implementation of OFDM has been developed. Therefore, we think that OFDM techniques can provide the reasonable solution for RAN LTE downlink transmission. 
3. MA candidates based on OFDM

3.1 OFDMA
OFDM can be simply combined with FDMA (i.e. OFDMA), which provides high performance of physical layer due to its ability to combat inter-symbol interference and flexibility of adaptive frequency channel control. The Figure 1 illustrates an example of OFDM employing FDMA, that is, generic OFDMA, which is widely used in wireless communication. For instance, A, B, C and D indicate time-frequency resource bins which are flexibly assigned to each UE or channel. 
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Figure 1: Example of OFDMA 
Because OFDMA assigns users in a cell to isolated frequency subcarriers, the influence of intra-cell interference could be ideally avoided. Therefore, OFDMA could provide high data rate for users within a desired cell. In addition, OFDMA can be combined with FH (Frequency Hopping) which realizes the benefits of frequency diversity and interference averaging.

However, inter-cell interference in the multiple cell environments is unavoidable in order for frequency reuse factor to approach one. That is because the traffic allocation to the subcarriers could be overlapped among the neighbour cells. Therefore, as the cell load increases, the performance degradation due to the inter-cell interference would be significant, which leads to the limitation of system capacity. Consequently, the inter-cell interference suppression techniques would be required.

3.2 OFDMA with IIS (Inter-cell Interference Suppression)

One possibility to suppress the other cell interference between highly loaded OFDMA cells is to introduce spreading technique like in CDMA system into basic OFDMA for the cell discrimination. That is, different spreading codes are allocated to different cells and used in order to discriminate each cell in cellular OFDMA system. For convenience, this scheme will be called OFDMA with IIS (Inter-cell Interference Suppression). The spreading process can be applied before IFFT module by repeating each channel bit within multiple time-frequency bins and multiplying spreading code to the repeated bits. The spreading is not used for the UE discrimination within a cell but used only for the inter-cell interference suppression since the intra-cell interference can be avoided efficiently by OFDMA itself. Therefore, the spreading factor might be fixed as one or a few small values. In addition, it will be desirable to limit the application of the spreading only to the traffics of cell boundary UEs in highly loaded cells since the spreading operation may reduce the cell peak throughput. Such a limited usage of spreading process may achieve a reasonable compromisation between system performance gain and complexity.
Figure 2 shows an example of code domain resource allocation of OFDM with IIS. The OFDMA employing additional code domain can discriminate each cell and also suppress other cell interferences similar as in CDMA system. 
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Figure 2: Example of OFDMA with IIS
3.3 OFDMA + T/F CDMA

The flexibility of design and reconfiguration (e.g. in software defined radio) is one of the key features for the future broadband wireless systems. The flexibility of a multiple access scheme depends on its degree of freedom, which can be defined as a number of independent parameters. Even though the trade-offs between achievable gain and the complexity by certain flexibility should be evaluated carefully, we may consider a multiple access scheme which allows a more flexible resource allocation in both frequency and code domain. That is, a multiple access scheme where UEs within a cell can be discriminated by both frequency separation and different spreading codes. For conveniences, we call this scheme OFDMA + T/F-CDMA(Time/Frequency - CDMA). Similarly with the spreading process in OFDMA with IIS, the spreading process in OFDMA+T/F-CDMA can be applied before IFFT module by repeating each channel bit within multiple time-frequency bins and multiplying spreading code to the repeated bits. Also, the spreading factor for each UE may be configured variously in order to achieve a flexible resource allocation according to the traffic load, channel environment, and etc.

The Figure 3 illustrates an example of resource allocation of OFDMA+T/F-CDMA. In the example, the UEs within a cell or between different cells are discriminated by either way of frequency domain or code domain.
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Figure 3: Example of OFDMA + T/F CDMA
4. Conclusion

At current stage of evolution, it seems that OFDM is very promising technique for downlink to achieve a high data rate wireless communication like RAN LTE system.  Hence, we propose to consider OFDM as a basic modulation technique of the downlink for LTE system. We also considered the possible three multiple access schemes based on OFDM. Among those schemes, we think that the OFDMA or OFDMA with IIS are powerful candidates within a reasonable complexity. Therefore, we propose to consider OFDMA and OFDMA with IIS for the further evaluation of RAN LTE MA scheme. However, OFDMA+T/F-CDMA may also be considered to achieve more flexibility in the resource allocation.
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