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1. Introduction

In the previous IMT-Advanced workshops, some companies have proposed to reconsider the possibility of applying OFDMA to the uplink of LTE-advanced, pointing out that some performance gain could be achieved, as well as the flexibility for signaling and data multiplexing. However, if the original SC-FDMA is left unchanged for the uplink, it will be inevitable to find problems when directly applying the OFDMA for such an enhancement, e.g. compatibility between the reference signals of OFDMA and SC-FDMA schemes. So in this contribution, we try to propose an alternative scheme, the multi-band transmission solution extended from SC-FDMA/DFT-S-OFDM, which is almost fully compatibility with the current specification of SC-FDMA while providing analogous benefits in performance as that of OFDMA. 

2. Generic requirements

Although a great success has been made for LTE, there still have some good lessons which we could learn from the uplink if further enhancement is in need for the refinement of LTE-advanced. Roughly speaking, it could be outlined as follows, 

· Low PAPR for low power consumption

During the study item of LTE, SC-FDMA has been selected as the uplink transmission scheme due to its outstanding PAPR performance, which finally maximizes the radio coverage and minimizes the power consumption when compared to the other ones with high PAPR statistics.

· TDM between data and reference signals

In the uplink, the time domain multiplexing (TDM) has been deployed between SC-FDMA modulated data symbols and reference signals. Such an arrangement makes it possible for the uplink reference signals to be optimized separately, since there are no interactions existing between them and the data symbols. In particular, for multi-cell scenarios, it is anticipated that such a property would support more promising enhancements in the future.

· Noise enhancement due to multipath fading

It becomes quite clear now that the equalization performance for single carrier schemes is usually worse than that of multi-carrier ones, due to the frequency selectivity typically found in multipath fading channels. So, as a single carrier solution, SC-FDMA is also susceptible to such impairments and as a consequence, the noise will be enhanced to degrade the detection performance, which is particularly problematic for broadband services and long-distance accesses to base stations. 

· Suboptimum for precoding based SU/MU MIMO

Nowadays, the precoding based SU/MU MIMO has become one of the most important technologies to provide high spectrum efficiency for wireless communications. However, as a single band solution, SC-FDMA is not so promising when integrated with SU/MU MIMO schemes. The reason beneath such a fact is that if the optimum performance is desired, the precoding matrix should be matched to certain transmission bandwidths over the air interface. Otherwise, the matching characteristic of the precoding matrix would be degraded, which might result in much decreased performance for practice. Unfortunately, as the band of SC-FDMA is not divisible, it has to be reconsidered that whether the optimum performance would be exploited or not when SU/MU MIMO is integrated. Besides, for the MU MIMO scenarios, such a single band property will further impact the pairing between users in the uplink, which needs considerable improvement if anything is possible. 

· Suboptimum for frequency domain scheduling and link adaptation
Just being analogous to the above analysis, due to the single band property of SC-FDMA, it is usually suboptimum when the frequency domain scheduling and link adaptation are deployed to improve the spectrum efficiency. For example, it is usually difficult to get an appropriate estimate of the effective SINRs for the MAC layer since the frequency selectivity is so significant for the whole transmission bandwidth.

· Inflexibility for multiplexing between data and L1/L2 control signaling
To preserve the low PAPR property for the uplink, we have to find ways to multiplex data and L1/L2 control signaling together. However, the multiplexing flexibility if almost lost for such solutions, which might increase the scheduling complexity and degrade the receiver performance at the base stations. 

3. Single band vs. multi-band

In this section, both the single band and the multi-band schemes, which are derived from SC-FDMA/DFT-F-OFDM, are presented and analyzed.
· Single band SC-FDMA/DFT-S-OFDM
Single band SC-FDMA/DFT-S-OFDM can be implemented by use of basic OFDM framework, i.e. 
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Fig.1. Single band SC-FDMA/DFT-S-OFDM
· Multi-band implementation

To extend single band to multi-band, it is only necessary to multiplex several single band SC-FDMA streams in the frequency domain (FDM), without overlapping or gap between each other, i.e.
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 Fig.2. Multi-band transmission framework
Therefore, viewed from the spectrum domain, a wide band SC-FDMA could be replaced by the corresponding multiband scheme, i.e. 
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Fig.3. Spectrum comparison for the same transmission bandwidth

4. Rough analysis

Since the multi-band scheme is in fact derived from the single band, it could also be viewed as the FDM based solution of SC-FDMA in the uplink. If appropriately designed, almost the full backward compatibility could be preserved between such two schemes, e.g.
· Both single band and multi-band schemes should be used for the uplink of LTE advanced

· For the multi-band scheme

· TDM between data and reference signals should be preserved

· Reference signals should be allocated to individual sub-bands

· Multiplexing between data and control signaling should be rather flexible

· MAC-PHY layer mapping should be performed over multiple sub-bands
· Compatibility with SC-FDMA is strictly satisfied for individual sub-band

At the same time, the better performance or improved throughput could be envisioned with such a multi-band scheme for some particular scenarios, e.g. hot spots where the power consumption being not the bottleneck. To list a few,

· Approximating the optimum for integrating with SU/MU MIMO

· Better matched precoding matrix

· Approximating the optimum for scheduling and link adaptation

· Better in flexibility of the scheduled radio resource blocks
5. Summary

In this contribution, a multi-band scheme extended from the single band SC-FDMA has proposed to improve the performance for the uplink of LTE advanced. Based on the rough analysis, it is found that such a scheme would complement the conventional single band solution for some particular scenarios, which could surely bring out great benefits like backwards compatibility, as well as the upgraded performance or throughput.
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