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1 Introduction

During the last Joint Meeting on UTRA/UTRAN Long Term Evolution, contributions on requirements (eg. [1]) proposed that the downlink should support peak data rate up to 100 Mbps.  To get such kind of throughputs when sharing the resources among different users, the chosen Multiple Access (MA) scheme(s) should allow an efficient, flexible and fast resource allocation. Moreover the terminal complexity and the final solution cost must also be taken into account while analysing the appropriate solution. 
In [2], the 3GPP comparison between W-CDMA and OFDMA access techniques illustrated comparable performances but without considering enhanced OFDM techniques. That is why within this contribution we recall the bases of several MA schemes and go through a large range of possible multi-carrier MA schemes that could be more accurately analysed in the scope of UTRA LTE study item
2 W-CDMA
W-CDMA access technique is widely used in 3G cellular system. The multi-user resource allocation flexibility (code allocation), the RAKE receiver simplicity and the good multiple interference reduction ability allow this technique to give satisfying performances within the context it was defined for. Nowadays, high throughput per user, high QoS and increased mobility characterise the requirements for enhanced 3G mobile system. However basic W-CDMA systems were not designed to cope directly with these severe requirements, thus advanced (complex) receiver and enhanced access technique schemes must be introduced on the expense of the original simplicity. Moreover, studies undertaken within R5/R6 concerning advanced receivers illustrate the benefit and the need to go further into investigating of more complex receivers in order to cope with the performance requirements' evolution. Further improvements as may also be seen through new work item such as “Performance Evaluation of the UE behaviour in high speed trains with speeds up to 350 kmph” or "Support of RT services over HSDPA" can be also very helpful.
3 Multi-carrier MA schemes

3.1 OFDMA

OFDMA is a multiple access technique that has been studied at RAN WG1 during the OFDM Study Item. A detailed description of this MA scheme can be found in [2]. This technique divides the total frequency bandwidth into smaller sub-bands that would be allocated separately to different users in such a way to eliminate any downlink intra-cell interference while using a very simple receiver. Users' time/frequency resource allocation can be done in several manners. The resource can be allocated by separating the users in frequency only (OFDM-FDMA), in time only (OFDM-TDMA) or both in time and frequency (simply referred as OFDMA). Among these 3 possibilities the last one provides the finest granularity in the resource allocation and had been naturally considered as the reference MA scheme for the OFDM SI. 
When OFDMA is considered, sub-carrier allocation can be carried out in several ways: adjacent carrier allocation (per block), see Figure 1, or scattered carrier allocation. In both cases, frequency hopping can be applied to increase the frequency diversity. Frequency hopping is also a possible option to reduce the intercell interference level and thus to increase the cell throughput. 
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Figure 1 - OFDMA

In order to ease the resource allocation, it is also possible to multiplex the users in the code domain as explain in the next session.
3.2 OFCDM 
OFCDM associates the OFDM modulation with a Coded Division Multiple Access (CDMA). This technique benefits then from the OFDM signal modulation and its simple receiver and from the CDM flexible spectrum sharing. 
As in W-CDMA, each user transmits its own data information thanks to a spreading sequence. If the spreading codes are well chosen (codes with small cross-inter-correlation like Walsh Hadamard (WH) codes), all the users can transmit simultaneously in the same bandwidth, i.e. at the same time and on the same sub-carriers. As a result the spreading makes the resource allocation easier than in the case of OFDMA but allows also users to send their data over the whole frequency bandwidth and thus, get full benefit of multi-path channel diversity.  
As described in Figure 2, the spreading can be applied either in frequency (this technique is referred as MC-CDMA), in time (MC-DS-CDMA) or in both dimensions (2D MC-CDMA or OFCDM). The choice of the spreading scheme relies on the propagation channel characteristics. However, spreading in both time AND frequency is often the best solution to reduce the Multiple Access Interference (MAI), i.e. intra-cell interference. Indeed within a channel varying slowly in time and frequency domains, the orthogonality loss between users is small, and then the intra-cell interference level is low. In DL, this MAI term is efficiently processed at the receiver side with classical low complex OFDM equalizer. To let different bit rates being assigned to the users, one can either allocate multiple codes or apply the VariableSF- Spread OFDM technique [3]
As for W-CDMA, in a frequency reuse of one network, scrambling codes specific to each cell, applied in the frequency domain, are used to isolate the signal of interest and then to fight intercell interference
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Figure 2 - OFCDM
An alternative multiple-access technique, SS-MC-MA (Spread-Spectrum Multi-Carrier Multiple-Access, also called LP-OFDMA (Linear Precoded OFDMA)) could also be envisaged for the DL. This technique combines OFDMA to separate users (one sub-band dedicated to one user) whereas code division (CDMA) is used for the transmission of the data of a unique user on the same sub-carriers for frequency diversity.
These multi-carrier based multiple access techniques allow a flexible and fine resource allocation that could lead to high system performances whether spreading among the sub-carriers is used or not. The requirements for the link level parameters (sampling rate, FFT size, cyclic prefix duration, etc…) of these solutions are similar. The main distinction between these multiple access schemes relies on the multi-user resource allocation over time-frequency-code dimensions.

4 Conclusion

In this contribution we have listed some multiple access schemes relevant for the RAN LTE in the DL. Even if we believe that multi-carrier based MA techniques can respond more efficiently to LTE DL requirements, WCDMA improvements must still go on. Moreover we believe that in the context of Long Term Evolution, inputs from other working groups (RAN2, SA, etc.) and system simulations are required in order to build a whole efficient system and then select the most appropriate resource allocation scheme.
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