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1. Introduction
When determining the multiple access scheme to be used in the uplink for LTE TDD, capacity in urban environments should be the most important criterion.
In this contribution, we present advantages of OFDM on uplink in TDD systems, which meet high spectral efficiency, low complexity receiver, and efficient PAPR reduction. Through the investigation of those requirements and fulfillment, it is shown that OFDM is preferred to SC-FDMA for uplink in TDD systems.
2. Preference of OFDM in TDD Systems 
2.1. Better Spectral Efficiency
Main application area of TDD is data traffic intensive regions such as the metropolitan area where a number of low mobility users demand very high speed data service. Capacity issue is more critical than coverage in radio network planning for the dense urban area. The consequence in the network planning is a small cell size to support high traffic capacity. This means interference limited deployment cases. A survey of the cell radius in Seoul, Korea, shows that over 90% of base stations have cell radius less than 500m.
[image: image1.emf]0

10

20

30

40

50

60

70

80

90

100

~250 250~500 500~1000

Cell radius (m)

Percentage (%)


Fig. 1. Cell radius of base stations in Seoul, Korea.

Thus of greatest interest to TDD operators is maximizing capacity in the most traffic intensive and accordingly interference limited areas. In this case, modulation scheme with better spectral efficiency, such as OFDM, are required. Considered an operating scenario with frequency reuse ‘1’, the system performance is limited by interference rather than by thermal noise. Hence, the chances are that the power amplifier can be operated sufficiently in non-saturated mode. 
Many research works on link performance as [1]-[3] show that higher spectral efficiency can be achieved in OFDM system than SC-FDMA. The results in [1] and [3] suggest that for users with good radio conditions (which will thus use a higher order modulation), OFDM will lead to better throughput when compared to single carrier techniques, thanks to its lower BLER. For users experiencing less favorable radio propagation conditions, and hence lower order modulation, throughput will be no worse for OFDM than for single carrier techniques. When better spectral efficiency is considered along with superior resistance to ISI and better equalization performance, OFDM is a better technique for achieving the requirements of [4]
In coverage limited areas like rural area, beam-forming is most effective to provide coverage extension and to reduce the number of cell sites. The enhanced link budget allows more margins for UE power amplifier headroom, and the same efficient modulation scheme should be used as in urban areas without any penalty. In the case of TDD there are definite benefits in using the same access scheme for UL and DL. These benefits include channel reciprocity which will allow the low complex deployment of advanced antenna techniques.
2.2. Lower Complexity Receiver
· Lower Complexity receiver structure
The main advantage of OFDM is that it allows transmission over highly frequency-selective channels at a low receiver implementation cost. In particular, costly equalizers needed in single-carrier systems are dramatically simplified. Even though the frequency domain equalizer (FDE) can reduce the total complexity of SC system comparable to that of OFDM system, mostly the complexity of SC-FDE is concentrated on the receiver side [5][6]. Moreover the decision feedback equalizer is required in SC system to improve the link performance to levels to OFDM [5]. The use of DFE has much impact on the complexity of the receiver in SC systems.
· Broadband requires lower complexity
For indoor/enterprise solutions, high throughput system with low power and low cost is crucial. Broadband frequency allocation is effective to make implementations feasible to meet those requirements. Broadband frequency allocations are feasible for LTE using TDD. The OFDM system which shows high spectral efficiency and requires low implementation cost can be a strong candidate for LTE using TDD.
2.3. PAPR
PAPR has been the most significant grounds for objection to uplink OFDM. It has been shown that there are several available techniques for reducing PAPR which have demonstrated very good results with low complexity. For example, low cost implementation of highly efficient power amplifier can be achieved by adjusting Drain Bias voltage according to the waveform envelope [7] so that comparable cost and coverage can be achieved with OFDM without applying baseband or digital IF domain signal processing to OFDM signal. 
[8] and [9] describe a tone reservation method of PAPR reduction that sees PAPR performance similar to both I-FDMA and L-FDMA. [10] introduces a circulated clipping and filtering technique which reduces PAPR at a low complexity. Further to this [11] shows that OFDM performance is comparable to that of SC since after PAPR reduction the difference in PA back-off is around 1dB but the SC-FDMA receiver performs about 1dB worse than for OFDM. 

It is clear that there are low cost and low complexity techniques available to us which will allow the PAPR limitations of OFDM to be overcome.  Coupled with the observation that it is likely that slow power control will be used in the UL and therefore UE’s with good channels will not be transmitting at maximum power, we believe that limitations of PAPR for OFDM can be sufficiently overcome.
3. Conclusion
In this contribution, it is shown that from the practical aspects, OFDM is more suitable for TDD uplink. Hence, we propose the following conclusion on the uplink multiple access scheme for TDD: 

· RAN1 agrees on the uplink transmission scheme for E-UTRA TDD as OFDM 
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