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1. Introduction

As mentioned in the study item for small cell enhancements [1]: 
Coordinated and time synchronized operation of the small cell layer and between small cells and the macro layer can be assumed for specific operations and feasibility and benefits of radio-interface based synchronization mechanisms shall be addressed. 
Thus, we will analysis the benefits of inter-cell synchronization in this contribution.
2. Discussion 

In TDD system, since the DL and UL transmission use the same frequency channel, but at different time instants, strict timing synchronization is essential to avoid the inter-cell interference. In FDD system, it is also beneficial to practice the inter-cell synchronization which make the interference mitigation and coordination between cells much easier.
· 2.1 Inter-cell interference due to non-synchronization cells

The inter-cell interference may happen when users in the adjacent cells are scheduled on the same RB's but with different DL/UL configurations in TDD system. Synchronizing the base stations to a common time scale and using the TDD frame configurations with large guard period may help to prevent inter-cell interference.
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Fig. 1: A non-synchronized case between cell 1 and cell 2.
As a non-synchronized case shown in Figure 1, cell 1 is assigned DL transmission and cell 2 is assigned UL transmission. The cell edge UE in cell 1 might experience strong interference from the cell edge UE in cell 2. 

· 2.2 Synchronization in current standard

Three synchronization techniques have been identified for HeNB synchronization [2]. Such as GPS, IEEE 1588v2 and Network listening. However, GPS receivers do not always work in some important scenarios (e.g. indoors.), the ideal backhaul requirement in IEEE 1588v2 are not always possible. Network listening can be used in scenarios where GPS and IEEE 1588 v2 do not work. For this reason, network listening is an essential synchronization scheme for TD-LTE HeNBs in those scenarios.
Two network listening based synchronization methods are given in [2], one is MBSFN subframe based network listening and the other is TDD special subframe based network listening. In MBSFN based method which is shown in Figure 2, an HeNB would stop transmitting for a subframe and declare this subframe to be an MBSFN subframe to track the synchronization signal from sync eNB. However, the HeNB still need to stop transmitting for the entire subframe even if just for synchronization timing update. Since the inefficiency of the resource utilizing, we prefer to adopt TDD special subframe based network listening in TD-LTE system.
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Fig. 2: Tracking using MBSFN subframes [2].
The TDD special subframe based network listening utilizes the nature of TDD frame structure and adopt different special subframe configuration in macro eNB and HeNB. Since that, the HeNB can utilize the GP to track macro eNB common reference signal (CRS) in DwPTS without additionally impact on its normal transmission and CRS tracing can be done every radio frame to generate a statistic tuning value, which ensure more robust synchronization. The principle of this method is shown in Figure 3.
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Fig. 3: Normal CP case, Macro eNB and HeNB DwPTS/GP/UpPTS configuration [2].
· 2.3 Inter-cell synchronization in SCE with dynamic on/off scheme
As a potential technique to ensure efficient operation of small cells, dynamic on/off switching of small cells would bring some benefit like interference avoidance and power saving. 
Consider a case shown in Figure 4, small cell A is the only cell connects to macro cell and the other cell (small cell B and C) in the cell cluster, and small cell B and C are out of the macro cell coverage. Since this deployment, the cell B and C need connect to the cell A to obtain the synchronization signals. However, when considering the dynamic on/off switching on the small cell A, small cell B and cell C would lose their synchronization target since cell A is switched off. Inter-cell interference between cell B and C would occur due to synchronization error. Therefore, we propose that:
Proposal 1: Study the TDD special subframe based network listening enhancement for SCE where small cells are out of the macro cell coverage.

Proposal 2: Study the TDD special subframe based network listening enhancement for SCE with dynamic on/off technique.
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Fig. 4: Synchronization with dynamic on/off switching.
3. Conclusion

In this contribution, we discuss the issue about the inter-cell interference, current synchronization method, inter-cell synchronization in dynamic SCE and have the following proposals:
Proposal 1: Study the TDD special subframe based network listening enhancement for SCE where small cells are out of the macro cell coverage.

Proposal 2: Study the TDD special subframe based network listening enhancement for SCE with dynamic on/off technique.
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