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1. Introduction

This contribution presents some technical considerations for the LTE-Advanced air interface design and some potential solutions. Our attention is mainly focused on discussing the topics as follows:
1. Full support of E-UTRA Rel.8 UEs
2. Coverage enhancement

3. Efficient spectrum usage

4. Reduced UE complexity/power consumption

2. Full support of E-UTRA Rel.8 UEs
One of the most important issues in the LTE-advanced design is a full support of Rel. 8 LTE UEs. This enables smooth migration from Rel. 8 LTE to LTE-advanced and efficient mixed deployment of both systems. Thanks to the 20MHz reception bandwidth for a Rel. 8 LTE UE, it will be convenient for a LTE-Advanced system bandwidth to be a multiple of 20MHz segment. Here, three possible cases can be considered as follows:

Case 1: All the segments of 20MHz can support Rel. 8 LTE UEs
This case can be considered as a concatenation of multiple 20MHz LTE system segments where each segment supports Rel. 8 LTE UEs. As a consequence, maximal backward compatibility can be attained but with some restrictions on implementations of the advanced capabilities so as to introduce signalling overheads.
Case 2: Only one segment of 20MHz in the system bandwidth can support Rel. 8 LTE UEs

In this case, though Rel. 8 LTE UE can use only one segment of 20MHz, other segments can be optimized for LTE-Advanced, for instance, overhead reduction, easy segment aggregation, etc.

Case 3: Combination of above two cases:
Considering the pros. and cons. of Case 1 and 2, a gradual migration from Case 1 to Case 2 may be beneficial, i.e., the number of the legacy support segments could be reduced with the spread of LTE-Advanced UEs.

Our proposal is that the LTE-Advanced specifications should support the flexible channel structure which maximizes the E-UTRA support capability such as Case 3. Control channel structure has to be designed to support this feature in both DL and UL. It is noted that additional overhead should be minimized for legacy support.
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Figure 1.  Gradual migration from Case 1 to Case 2
3. Coverage enhancement
Though the peak data rate will be much higher than that of the E-UTRA, the coverage where UEs can enjoy such high data rate will be limited due to the higher required transmission power and the higher carrier frequency such as 3.5GHz. As a solution, distributed remote antennas, advanced beam-forming, pico/femto cells (Home eNBs) and relay stations could be alternatively considered for coverage enhancement of LTE-Advanced systems. Among these technologies, however, the adoption of the relaying function requires a large amount of modification on the current LTE specifications. Thus, the standardization priority of the relay function should be carefully discussed in early stage.

An adaptive fractional frequency reuse (FFR) is another promising technology for coverage enhancement which was already employed in E-UTRA. The most FFR schemes tend to sacrifice the sector throughput but obtain a high user coverage gain. Advanced adaptive FFR by controlling the slope and the intercept which drive the step-function based on interference level self-learnt from neighbouring cells can simultaneously achieve both sector throughput and user coverage gains.
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Figure 2.  Advanced adaptive FFR

4. Efficient spectrum usage
In order to achieve the high throughput supported by LTE-Advanced, allocation of wide spectrum bandwidth up to around 100MHz will be necessary at least for downlink. However, allocating such a contiguous wide bandwidth would be difficult in frequency plans in some countries. For efficient spectrum usage, the following issues should be considered.

· Aggregation of fragmented spectrums: 

In order to provide a wider bandwidth, it is beneficial for the specification to allow an aggregation of several (typically two) fragmented spectrums. It is noted that the numerology should be optimized for > 2GHz though the IMT spectrums allowed in WRC-07 are wide spread over 450MHz - 3.6GHz by assuming that LTE-Advanced systems are mainly operated on bands above 2GHz.
· Sharing of fragmented spectrums among several systems:

In addition to the spectrum aggregation, sharing of some fragmented spectrums by different systems can further improve the spectrum usage efficiency. As an example, a part of the spectrum can be shared by LTE and LTE-Advanced systems. Alternatively, a part of the spectrum can be shared by TDD and FDD systems when both systems are synchronized.

· Asymmetric UL and DL spectrum allocation for FDD should be supported considering a difference of traffic amount between DL and UL.
Another aspect of the spectrum efficiency is to increase n bit/Hz value. Though LTE can attain good spectrum efficiency, further improvement will be necessary for IMT-Advanced by sophistically exploiting following technologies.

· SU-MIMO for UL (2x2 or 2x4)

· Further enhancement of the current MIMO scheme
5. Reduced UE complexity/power consumption
Peak power consumption of an UE will be higher than that of a LTE UE due to the wide bandwidth transmission/reception capability requirement. Thus, power efficient design is required for LTE-Advanced. Dynamic control of reception bandwidth is one of the techniques where an UE’s reception bandwidth is dynamically optimized for the actual amount of traffic.

To reduce PAPR, LTE adopts a SC-FDMA for UL transmission scheme rather than the OFDMA. This aims in improving the power efficiency of power amplifier of UEs. Our expectation is to keep the same low PAPR solution for LTE-Advanced UL because the improvement of the power amplifier efficiency still will be important issue in LTE-Advanced. However, we think that use of a multi-carrier UL transmission mode by UEs near the eNB could introduce some benefits e.g. enabling discontinuous resource allocation, easy utilization of Maximum likelihood detection (MLD) at eNB receivers.
6. Conclusion
In this contribution, the presented technical considerations related to the LTE-Advanced air interface design and the potential solutions have been discussed, which may aim in sufficiently standardizing LTE-Advanced.
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