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1. Introduction

Nowadays, the TDD duplex is becoming more and more important than ever for its inherent benefits for the emerging IMT-Advanced, e.g. unpaired spectrum, flexible DL/UL radio resource allocation, and possible channel reciprocity. Doubtless to say, whether to exploit the potentials of TDD systems will greatly impact the performance and cost for the coming standardizations and hopefully, the deployment strategies of TDD based broadband wireless communications. So in this contribution, it is tentatively tried to outline and summarize the features closely related to TDD and if possible, those compared to that of FDD based ones. 
2. Review of requirements and technologies

For the system requirements of IMT-Advanced, the spectrum efficiency and deployment cost are of the first priority than other elements. For spectrum efficiency, the non-orthogonal transmission and enhanced channel coding schemes, multiuser scheduling, link adaptations, layered or networking MIMO, network coding, reduced RTT and CSI feedback duration, MBMS based content sharing, distributed antennas, relaying stations, home base stations and fractional frequency reuse (FFR) are all investigated. On the other hand, each technology item should be carefully evaluated according to the requirements raised from the low cost deployment, where the bottleneck is mostly assumed to be coming from the terminals, and the categories of UEs are expected to be dependent upon the differentiated terminal usages and market demands. 

Besides those mentioned above, the duplex methods, FDD or TDD, will influence the future wireless communications fundamentally. Generally speaking, the FDD is superior in delivering real-time and symmetric services to end terminals, while for the TDD, it is relatively better when latency-tolerant and asymmetric data services are required with high flexibility. Conventionally, the voice service dominates the cellular communications, which performs very well upon the FDD systems while with the time going, as the broadband data services, e.g. packet services with differentiated QoS, come into practice in the wireless communications, the benefits of TDD duplex emerges gradually, too. At the same time, however, the drawbacks inherent in the TDD duplex also degrade the system performance and throughput if not optimized appropriately. 

3. TDD features compared with FDD

Broadly divided, the features of TDD are clearly distinguished if compared to that of FDD duplex. Namely, 

· Unpaired spectrum for carrier operation.
With the international spectrum released in WRC’2007, it becomes much clear that it is very difficult or even impossible to allocate pairs of contiguous spectrum for the commercial operation of IMT-Advanced in the near future, where the channel bandwidth, 100MHz, is assumed. In comparison, the TDD duplex will relatively loose such a requirement. For example, a 100MHz channel-bandwidth is at least feasible for the latter to operate in some scenarios, which will promise super high data rate for indoor and local communications, e.g. Home NodeB configuration. In another word, it is comparatively easy to find contiguous spectrum to operate for the TDD when compared with that of the FDD duplex.
· Flexibility of DL/UL radio resource allocation

In principle, it is very convenient for TDD to adapt the DL and UL ratio in radio resource allocations. Unfortunately for conventional cellular systems, it is quite difficult to apply such a benefit to practical systems once the DL/UL ratio is initially configured, i.e. fixed once configured. The reason beneath such a fact is that if the DL/UL ratio for all cells is not changed totally, the co-channel interference from neighboring cells will emerge at once, which might degrade the performance and throughput greatly. However for IMT-Advanced, it is urgent to utilize such a type of flexibility between DL and UL resource allocations. As a result, how to achieve such a goal? Maybe for the isolated cell coverage, e.g. Home NodeB or hot spot using unlicensed spectrum, it is possible to adjust the DL/UL ratio if needed. While for the cellular scenario, it is still under investigation and some feasibility has been found when the co-channel interference is assumed below some predefined threshold, e.g. DL to UL co-channel interference avoidance. 
· Channel reciprocity between DL and UL links

Similar to the difficulty encountered in online adjustment of DL/UL ratio, the channel reciprocity for the TDD duplex is usually impossible to achieve for practical cellular systems, particularly when one frequency reuse pattern is assumed. In fact, for the standardization of TDD LTE, the channel reciprocity has not been taken into account and what is considered instead is that, the downlink CQI is feedback for the downlink scheduling, and the uplink sounding signal emitted for the uplink channel estimation and scheduling respectively. As to the reasoning, it lies in the fact that the co-channel interference encountered for the uplink and downlink is typically different from each other, which results in different carrier to interference ratios accordingly. However, the channel responses or profiles are usually analogous to each other if the power gap is ignored between the downlink and uplink. Therefore, when the co-channel interference is discriminated from the carrier signal, there will emerge a high possibility to reuse the channel reciprocity. What is more, if such a potential resource is exploited and deployed for practical communications, at least the overhead from L1/L2 signaling or uplink sounding signals will be greatly reduced, which might greatly improve the system performance and terminal power consumption. Meanwhile, it could be anticipated that a potential gain would be achieved for the pre-coding based MIMO scenarios, which rely heavily on the feedback of channel status from individual UEs. 
· Timing interleaved between DL and UL slots

Besides the above mentioned characteristics, the TDD duplex makes the transmission timing for the downlink and uplink consecutively, which results in much longer round trip time (RTT) and command responding time and furthermore, both the system and link performance are greatly degraded as compared to the FDD scenario. Thus, to improve such performance, it is required that more powerful technologies should be investigated in the future time, especially as the IMT-Advanced is entering its process of standardization. For example, more number of parallel HARQ processes is desired to combat the longer RTT, which lowers the link throughput and more uplink pilot resources could be devoted to shorten the longer duration involved for the CQI feedback, which restricts the mobility of terminals to a limited range.

4. Potential technologies to improve TDD performance

As to the technologies to improve the performance of TDD system, it is up to many influential aspects, e.g. enhanced HARQ, enhanced CQI feedback, enhanced interference estimation, channel calibration, selected channel sounding and selected uplink pilot insertion, etc. 

5. Summary

In this contribution, the features of TDD are roughly outlined as compared to that of FDD duplex, that is, 

· Unpaired spectrum for carrier operation.
· Flexibility of DL/UL radio resource allocation

· Channel reciprocity between DL and UL links

· Timing interleaved between DL and UL slots

Clearly, it is in urgent need to exploit the benefits of the TDD system during the era of IMT-Advanced, which will definitely impact the performance and throughput, as well as the deployment cost for commercial operations. However, whether and how to exploit such potentials, it is still under further investigations and more time will be spent for further practice and verification.













































































































