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1 Introduction

As 25.913 requires, to ensure competitiveness in an even longer time frame, i.e. for the next 10 years and beyond, intensive optimization  in each of TDD and FDD mode should be pursued rather than starting from premature simplification to combine to duplex modes into a single frame. Only with optimization in each duplex mode, longer term competitiveness can be achieved. As 25.913 requires additionally, system complexity shall be minimized in order to stabilize the system & inter-operability in earlier stage and decrease the cost of terminal & UTRAN. Thus separate optimization for TDD shall be preceded before meeting complexity requirements additionally.
There are specific issues to be taken into considerations for the TDD mode that don’t necessarily apply to the FDD mode and vice versa. E-UTRA needs to find ways of promoting interoperability and reducing market confusion without sacrificing the optimality of either of the modes. The following are TDD specific features that bring significant impact on overall system design and performance, thus that should be evaluated and optimized independently from FDD:

· Flexibility in spectrum and service
: TDD fits into cheaper unpaired spectrum bands which are globally and regionally available and supports traffic asymmetry better.
· Channel reciprocity
: It enables better performance for radio resource control and advanced antenna techniques 
· Synchronization
: Since synchronous operation are often required for TDD, it should be exploited.
· Latency



: Different physical layer structures should be considered to trade latency and efficiency in TDD.
· Modulation


: It should be considered in operators’ and users’ perspectives ultimately.
2 TDD specific features
2.1 Flexibility in spectrum and service
Spectrum is expensive resource, and spectrum with reasonable path loss characteristics is becoming increasingly crowded and fragmented worldwide. In some cases spectrum is only available, or less costly, in unpaired bands suitable for TDD. 
Spectral neighbors/occupancy may vary on a market-to market basis. Unpaired spectrum provides operators with needed flexibility in spectrum usage and interference management since it is only need to coordinate/find one clean block as opposed to two with an appropriate duplex spacing. Asymmetric traffic in UL and DL is best served by TDD mode in unpaired spectrum. 
Unpaired spectrum may also facilitate the establishment of national/regional footprint since it reduces the number of constraints in trying to find a block of spectrum that works in all relevant markets.
Even in the case of paired bands, the band might be allocated as flexible-use (either TDD or FDD). In paired bands, if TDD is used, frequency diversity can be achieved with only a single transmit antenna. If the duplex gap might be inadequate for FDD, it can be more cost-effective for TDD due to RF design issues.
2.2 Channel Reciprocity
The reciprocity of the communication channel can be utilized with TDD. For TDD, since UL and DL channels are reciprocal, forward and return links will be more correlated in both the spatial and temporal senses. Spatial correlation allows advanced smart antenna and MIMO schemes to better perform in TDD mode and more efficient radio resource management, reducing the implementation complexity of techniques than in FDD mode.
2.2.1  Advanced antenna techniques

While smart antennas enhance the performance of FDD systems, full capabilities of advanced antenna techniques are exploited under TDD where same carrier frequency is used for both uplink and downlink. Smart antenna solutions, which are critical for achieving wide area coverage and capacity, are cheaper, easier, more flexible and more robust in a TDD system, as proven in PHS and Xiaolingtong services and in Pre-11n MIMO products. 
•Enhanced spectral efficiency and coverage by combining TDD with Smart Antenna and MIMO
- Downlink beam-forming or spatial multiplexing using uplink channel estimation
- Best performance requires uplink and downlink to be allocated in paired way.

•Usage of smart antennas can be adapted to the morphology, for instance: 
- In urban areas, focus on capacity. In this case, SDMA and/or spatial multiplexing is most effective and modulation scheme with better spectral efficiency is required.
- In rural areas, focus on coverage. In this case, beam-forming is most effective to reduce the number of cell sites. The enhanced link budget allows more margin for UE power amplifier headroom, and the same efficient modulation scheme should be used as in urban areas.
2.2.2  Radio resource control
There are significant benefits in MAC efficiency, resource management, and latency by utilizing channel reciprocity.

•Open loop power control is done with better accuracy in TDD due to correlated fast fading and symmetric path loss between uplink and downlink. 
•Furthermore, open loop power control does not require continuous transmission in uplink as closed loop scheme does in which signal-to-noise ratio should be measured continuously and power control command should be fed back periodically. The uplink shared channel for bursty packet data can be power controlled more accurately in open loop scheme, which makes TDD appropriate for uplink packet transmission.
•Even with closed loop power control, reducing the amount of feedback (feedback adds overhead)
•In random access, better determination of initial transmission power reduces interference and improves success time.
•Advanced antenna techniques simplify or eliminate frequency planning in deployment due to lower co- and adjacent channel interference so that 
- More customers physically closer to the service boundary could be served
- They reduces the need for super fast closed loop power control
- Traffic and broadcast channels is beneficial to be treated differently: broadcast channels must be coded/lightweight for same link budget
2.3 Synchronization

Large transmission power difference in cellular TDD system requires synchronization in Node Bs to minimize inter-cell interference. This gives benefits for interference management and cell-search time reduction. 
•This will bring different TDD preamble design from FDD asynchronous operation.

It should be also noted that Multi-media Broadcasting requires synchronization. Synchronization brings more predictable inter- and intra-cell interference and facilitate better interference management.

2.4 Latency

In TDD system, each frame should consist of DL/UL subframes, which increase the control signaling delay. Unlike FDD system, the frame length has to be chosen on the basis of optimizing either traffic capacity by reducing overhead or access latency. Besides, the frame length has to be determined considering the best use of channel reciprocity in mobile channel. This compromise implies that different optimization criteria should be provided for operators’ flexibility in providing QoS to classes of users. Physical control channel structure, i.e. placement in the time-frequency-space axes, should be also optimized. With shorter frame length, lower latency and better use of reciprocity can be obtained, but the overhead time for TDD switching increases. Fig. 1 shows the overhead ratio of TDD guard time for various frame length when the guard time is 75 us as in 3GPP TDD 1.28 Mcps option as an example. 

[image: image1.emf]15.00%

7.50%

3.75%

1.50% 0.75% 0.38%

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

0.5 1 2 5 10 20

Frame length [ms]

Overhead ratio of

TDD guard time


Fig. 1 Overhead ratio of TDD guard time
2.5 Modulation
It should be addressed carefully what should be the ultimate goal of optimization in link performance in conjunction with PAPR. It will be capacity and coverage.
Modulation scheme should be considered in operators’ and users’ perspectives with criteria more focused on capacity for TDD. The results in[3] suggest that for users with good radio conditions (which will thus use a higher order modulation), OFDM will lead to a better throughput thanks to its lower BLER. Practical PAPR reduction techniques relieves PAPR degradation within 1-2dB.
What matters to operators is more capacity in most traffic intensive and accordingly interference limited areas.
In this case, modulation scheme with better spectral efficiency is required. Additionally, SDMA and/or spatial multiplexing will be most effective.

In coverage limited areas like rural areas, In this case, beam-forming is most effective to provide coverage extension and to reduce the number of cell sites. The enhanced link budget allows more margin for UE power amplifier headroom, and the same efficient modulation scheme should be used as in urban areas without any penalty.
2.6 Evaluation methodology

It is proposed to separate the description and evaluation of TDD and FDD separately except for necessary common methodology and parameters. The following should be considered while meeting E-UTRA standardization schedule:
· Though both TDD and FDD can be used to transport macro-cell traffic and micro-cell traffic, morphology(path loss models, deployment of BS) can differently prioritized. Capacity calculation scenarios for single operator, multiple operators can be different
· Rudimentary radio resource control schemes such as power control, and handover

· Advanced antenna techniques should be prioritized for TDD compared to FDD
· Priority in Satisfied user criteria for different services especially in consideration of latency and overhead

· Preamble or pilot design should reflect synchronized operation.

· Modulation scheme should be considered in operators’ and users’ perspectives with criteria more focused on capacity for TDD.

3 Conclusion
In this contribution, we briefly discussed TDD specific features. These features would cause large impact on the TDD system performance and should be evaluated and optimized carefully. Hence, for evaluation of LTE TDD system, it would not be desirable to simply assume the same evaluation parameters/methodology as the one for FDD system. Especially, it is desirable to evaluate the DL/UL transmission scheme, and even the evaluation parameters focusing on TDD system. To meet the E-UTRA standardization schedule, it is proposed to separate the description and evaluation of FDD and TDD separately except for necessary common methodology and parameters.
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