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Introduction
In [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. In this contribution, we will analysis the feasibility and benefits of synchronization and give our views on the further studies.

Discussion
Both FDD and TDD system could get benefits from synchronization. Synchronization is essential for TDD system. It is well known that non-synchronous in TDD system will lead to serious interference, especially UE-UE or BS-BS interference. Besides, if TDD UL-DL configuration is dynamic adjusted according to traffic variation, non-synchronous will bring extra interference. For FDD system, synchronization will make interference mitigation easy to implement. With synchronization, CoMP\(F)eICIC\CA\advanced receiver will work more efficiently. Therefore, the benefits of synchronization are quite obvious.
Observation 1: both FDD and TDD system will get benefits from synchronization when small cells are deployment.
For small cell deployment, three techniques should be used for synchronization [2]. They are GPS, IEEE 1588v2 and Network listening. If IEEE 1588 v2 is used to make small cell synchronization, good backhaul conditions may not always be possible. In particular, backhauls over cable and DSL modems have significant jitter and delay variations. 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[2]. However, there are several scenarios that network listening will not work. 
Scenario 1: small cells indoor deployment without macro coverage as described in figure 1 which is given in [3] and also indentified in [4] as scenario 3. In this scenario, small cells is out of macro coverage and the synchronization with macro cell by network listening is hard to achieve.

Fig.1 scenario 3 for small cell enhancement

Scenario 2: small cell is dynamic on/off as shown in Figure2. To further save energy and control interference, dynamic on/off might be used for small cell deployment. If a small cell is the only connection of macro cell and other small cells, it will make surrounding cells lose their synchronization when it is switched off.


Figure 2 small cells with dynamic on/off
In these two scenarios, synchronization sources from macro cell will not be available and the network listening methods provided in [2] will not work. Therefore, we propose
Proposal 1: synchronization enhancement over air-interface should be considered when external synchronization sources are not available. 
As we mentioned above, dynamic small cell switch on/off will cause synchronization problem when the only cell connecting to macro cell is off. Synchronization over air-interface is also important for small cell cluster generation. When a cell is to open, more than one cell cluster might be detected. If these small cell clusters are not synchronized, this cell should have to choose one small cell cluster to synchronize. However, this action might worsen the interference among different small cell clusters. Thus, synchronization among different small cell clusters should be considered. 
Proposal 2: synchronization enhancement over air-interface among different small cell clusters should be studied.
In [5], inter-operator radio interface synchronization is proposed to mitigate interference and reduce spectrum waste. Obviously, synchronization between different operators will bring benefits for the scenarios where different operators deploy small cells at the same or adjacent band in the same location. The synchronization among different operators over air interference might have more requirements than intra-operator case. 
Proposal 3: synchronization enhancement over air-interface should be FFS for inter-operator synchronization case.
Conclusion
In this contribution, we analysis the benefits and feasibility of radio-interface based synchronization mechanisms. One observation and three proposals are given:
Observation 1: both FDD and TDD system will get benefits from synchronization when small cells are deployment.
Proposal 1: synchronization enhancement over air-interface should be considered when external synchronization sources are not available. 
Proposal 2: synchronization enhancement over air-interface among different small cell clusters should be studied.
Proposal 3: synchronization enhancement over air-interface should be FFS for inter-operator synchronization case.
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