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1. Introduction

In RAN 1 #69 and #72 meetings, extensive discussions are made on the study of “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation,” including the deployment scenarios, performance evaluation, signalling mechanisms, and interference mitigation schemes [1]. Performance evaluation of various deployment scenarios, e.g., isolated pico cell, multi-pico cells, and co-channel macro with multi-pico cells, has been conducted by both RAN 1 and RAN 4 WGs. It has been concluded that, in general, average cell throughput can be improved to a large extent by allowing traffic adaptation in LTE TDD systems [2]. The signalling mechanism used to support TDD UL-DL reconfiguration has a tight relationship with the time scale of reconfiguration, interference mitigation scheme, backward compatibility, and the HARQ timing issue. It is therefore of utter importance to carefully investigate various possible design options and the associated pros and cons with each of them. In this contribution, we share our views in this respect.
2. Discussions
Potential signalling mechanisms for support of TDD UL-DL reconfiguration include system information update, RRC signalling, MAC control element (CE), and physical layer signalling, with supported time scale of reconfiguration approximately from large to small. Among all of the available options, only the system information update is fully backward compatible with earlier release UEs. The signalling delay involved in the information exchange for support of interference mitigation obviously has to be jointly considered with the adaptation time scale of TDD UL-DL reconfiguration. Also, it has come to a few companies’ attention that the problem of HARQ timing mismatch at TDD reconfiguration needs to be solved [3-6]. Such a timing problem has a larger impact for TDD reconfiguration with relatively smaller adaptation time scale. 
Observation 1: The signalling mechanism for support of TDD UL-DL reconfiguration is affected by the factors of the desirable time scale of adaptation, adopted interference mitigation schemes, backward compatibility, and HARQ timing issue.
In the following, we discuss and elaborate on the details of the potential signalling mechanisms.
2.1.  System Information Update
As mentioned previously, this is the only mechanism that is fully backward compatible. The TDD configuration setting is signalled in SIB1 for which a well-defined modification procedure for information update has already been supported in release 8. An illustration of the change notification is provided in Fig. 1. The modification period requires a minimum of 640ms, which means the adaptation time scale of TDD UL-DL reconfiguration must be no smaller than 640ms. According to the performance evaluation of various deployment scenarios, notable improvement of cell average throughput is observed for an adaptation time scale smaller than approximately 200ms. At cell edge, the system information update mechanism can even lead to performance degradation [7]. This renders the approach of system information update undesirable. Furthermore, frequent change of the TDD configuration impacts the UE measurement performance. Consequently, we propose to exclude the option of system information update.
Proposal 1: Exclude the mechanism of system information update from the candidate signalling mechanisms for TDD UL-DL reconfiguration.
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Fig. 1. System information modification periods [8].
2.2.  Higher Layer Signaling
TDD UL-DL configuration change notification by RRC signalling to new UEs serves as a candidate higher layer signalling mechanism. The range of time scale of TDD reconfiguration supported by this method is around 200ms accounting for all the signalling latencies. It is expected that the specification impact to RAN1 is relatively small. However the impact to RAN2 could be large. The fact that there is no exact activation time for a configuration change causes a period during which the eNB and UEs might have a different understanding of the current TDD UL-DL configuration. Such an ambiguity period in the case of RRC signalling can be around 15ms [8]. Signalling overhead is another factor that should be taken into account. As all the of TDD reconfiguration capable UEs need to receive such RRC signalling message, the overhead can be large.
The approach of using MAC header for TDD reconfiguration is another possible mechanism. The range of time scale of this method is estimated to be around a few tens of ms. Similar issues/problems can be expected, e.g., the ambiguity period and the signalling overhead. Furthermore, the reliability of using MAC header is worse than that of RRC signalling due to the lack of the RLC layer recovery. Resource waste is another issue since PDSCH has to be transmitted to carry the MAC header even when there is no actual data to send to UEs. Accordingly, we have the following observation.

Observation 2: Higher layer signalling is not a desirable approach for signifying TDD UL-DL reconfiguration.
2.3. Physical Layer Signaling
The approach of physical layer signalling, e.g, by designing a new physical channel or a new DCI format, for signifying TDD UL-DL reconfiguration provides the smallest time scale of adaptation. Based on the evaluation results, the performance benefits brought by TDD UL-DL reconfiguration is larger at smaller adaptation time scale [2]. The issues of ambiguity and reliability can both be dealt with by careful physical layer design. Higher standardization effort is expected. 

Both radio frame level adaptation and subframe level adaptation are possible under this mechanism. Considering the potential signalling delay introduced by the interference management schemes, which could be up to a few tens of ms, radio frame level adaptation is a more reasonable design option. Besides, subframe level adaptation complicates the system design and especially the HARQ timing design. We thus propose:

Proposal 2: For the mechanism of physical layer signalling, consider only radio frame level adaptation using the existing 7 TDD configurations.
It is expected that the issue of HARQ timing mismatch at TDD reconfiguration has a larger impact if the physical layer signalling approach is to be adopted. In our companion contribution [9], we propose solutions to both the UL and DL HARQ timing mismatch problem. In our opinion, the impact of HARQ timing can be kept to a minimum by using our proposed solutions with an appropriately designed physical layer signalling mechanism. 
Observation 3: Physical layer signalling provides the largest performance gain, lower signalling overhead, and maximum design flexibility.
3. Conclusions
In this contribution, we have investigated the potential signalling mechanisms for TDD UL-DL reconfiguration. We have made the following observations:

Observation 1: The signalling mechanism for support of TDD UL-DL reconfiguration is affected by the factors of the desirable time scale of adaptation, adopted interference mitigation schemes, backward compatibility, and HARQ timing issue.
Observation 2: Higher layer signalling is not a desirable approach for signifying TDD UL-DL reconfiguration.
Observation 3: Physical layer signalling provides the largest performance gain, lower signalling overhead, and maximum design flexibility.

And we have the following proposals:

Proposal 1: Exclude the mechanism of system information update from the candidate signalling mechanisms for TDD UL-DL reconfiguration.
Proposal 2: For the mechanism of physical layer signalling, consider only radio frame level adaptation using the existing 7 TDD configurations.
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