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1. Introduction

Since LTE-advanced comes up to the standardization, it has become much clearer than ever that the enhanced air interface should accommodate more market requirements than any convenient standards for mobile communications. Actually in the past IMT-Advanced workshops, some companies have attempted to express their viewpoints from different aspects, hoping to find a unified air interface for downlink broadcasting/multicasting, cellular communications and hotspot/home coverage, despite that LTE was originally targeted for telecommunications services. As a chipset and terminal manufacturer, Spreadtrum communications also holds such a point and furthermore, she wishes that the feasibility of supporting machine to machine (M2M) communications and/or wireless sensor networking should be studied for the unified air interface, too. If agreed, the emerging LTE-Advanced would meet most of the market requirements via the ubiquitous cellular networks, which ranges from conventional human communications to ubiquitous physical world applications. 
On the other hand, if the above goals are established, how to achieve such a goal via some convenient technical enhancements for LTE-advanced? As is well known, such technical solutions should be kept almost fully backward compatibility with the current LTE specifications. Therefore in this contribution, we will try to explain that all the problems raised above for the unified air interface would be resolved rather easily if the multiplexing or multiple access schemes are extended or enhanced somewhat for LTE, i.e. converting the symmetric scheme to its extended asymmetric technical solution. That is to say, if the asymmetric transmission is deployed, the backward compatibility with LTE would be fully supported since the symmetric scheme is actually a specialized case for the asymmetric ones. Besides, when the aggregated spectrums are formally considered for the future operation, such an enhancement has in fact become inevitable when we move forward with the practice of LTE-advanced. 
In another word, the LTE-advanced is envisioned to be provisioning services for different markets and correspondingly, the terminal capabilities will also be classified into many categories depending on different market requirements and costs. Meanwhile, the conventional LTE would be regarded as a delegate who is rooted in the conventional telecommunications and now, it has become one of the key members of LTE-advanced.
To simplify issues, in this contribution we would assume that for the downlink, the multiplexing scheme, OFDM/OFDMA, is discussed, while for the uplink, the multiband solution, NxSC-FDMA, is taken as an example. 
2. Discussions

2.1. Asymmetric downlink multiplexing
In the downlink, it has been assumed that OFDM/OFDMA would be the default multiplexing scheme for LTE-Advanced. However, it is still a symmetric solution for the time being. To extend it to the asymmetric counterpart, we need to suppose that the transmit bandwidth of Node B in the downlink would meet the maximum requirement in practice. But for the receive bandwidths of terminals, they might vary greatly depending on the differentiated applications and costs. That is to say, the Node B would support a maximum and unique transmit bandwidth, while the terminals would support differentiated receive bandwidths, which might vary from narrowband to broadband capabilities for respective user requirements.
2.1.1. Symmetric OFDM/OFDMA
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Figure 1, Transceiver structure for symmetric OFDM/OFDMA
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Figure 2, Frequency interpretation for symmetric OFDM/OFDMA
Key features:

· Both Node B and UE have the same transmission bandwidth in the downlink, which results in the same IFFT/FFT transform size for both Node B and UE configurations.
2.1.2. Asymmetric OFDM/OFDMA
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Figure 3, Transceiver structure for asymmetric OFDM/OFDMA
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Figure 4, Frequency interpretation for asymmetric OFDM/OFDMA

Key features:

· Node B is configured with the maximum transmission bandwidth, e.g. N-point IFFT.
· UEs are categorized depending on their application requirements, for which the receiver bandwidths are usually much less than that of Node B side. In terms of the transform size, they utilize M-point FFT for demodulations. Meanwhile, the M parameter also varies for different UE categories.
2.2. Asymmetric uplink access & multiplexing
In the uplink, we have assumed that the multiband scheme extended from SC-FDMA, NxSC-FDMA, would be the multiple-access and multiplexing solution for LTE-Advanced. However, we would like to further extend it to the asymmetric counterpart. To support such an extension, we need to suppose that the receive bandwidth for the Node B would be the maximum in requirement. But for the transmit bandwidths of terminals, they might vary greatly depending on the differentiated markets and costs. That is to say, the Node B would support a maximum and unique receive bandwidth, while the terminals would support differentiated transmit bandwidths, which depends on possible applications requirements.

2.2.1. Symmetric NxSC-FDMA
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Figure 5, Transceiver structure for symmetric NxSC-FDMA
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Figure 6, Frequency interpretation for symmetric NxSC-FDMA

Key features:

· Both UE and Node B have the same transmission bandwidth in the uplink, which results in the same IFFT/FFT transform size for both UE and Node B configurations.
2.2.2. Asymmetric NxSC-FDMA
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Figure 7, Transceiver structure for asymmetric NxSC-FDMA
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Figure 8, Frequency interpretation for asymmetric NxSC-FDMA

Key features:

· Node B is configured with the maximum transmission bandwidth, e.g. N-point IFFT.

· UEs are categorized depending on their application requirements, for which the receiver bandwidths are usually much less than that of Node B side. In terms of the transform sizes, they utilize M-point FFT for demodulations. Meanwhile, the M parameter also varies for different UE categories.
3. Conclusions

In this contribution, we have tried to extend the conventional symmetric multiplexing and multiple access schemes to the asymmetric counterparts. With asymmetric transmission capabilities, it could be concluded that at first, LTE-advanced would accommodate the differentiated market requirements and operating costs, secondly, the terminals would be categorized into many classes, which were desired for differentiated user groups and even further, the low cost monitoring or controlling nodes rooted in M2M and/or wireless sensor networks. Most importantly, with such a technical solution, we could provide a unified transmission framework for the unified air interface, which would meet the ultimate requirements of IMT-advanced very well, i.e. converged network supporting converged services. Such a goal has already been proposed and envisioned for the next generation communications around a decade. 
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