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1 Introduction
In the last RAN1 #73 meeting, the feasibility and benefits of radio-interface based synchronization mechanisms for small cells have been discussed. It is concluded that [1]:

· Synchronization for both TDD and FDD systems needs to be considered

· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline.

An LS was also sent to RAN3 [2] to inquire whether current standardised support for network listening can be applied to FDD. 
In this contribution, we share our views on this topic.

2 Consideration
2.1 Methods for inter-site synchronization

Currently, there are several methods considered for inter-site synchronization in small cell enhancement (SCE) as the followings.
· IEEE 1588v2 based, normally with good backhaul conditions (e.g. operator controlled fibre / Ethernet).
· Satellite based, such as GPS. It is possible to deploy pseudo-satellite in the future. In the indoor small cell deployment, the GPS may still be applied though with some limitations (e.g., by placing the GPS receiver/antenna near a window).
· Radio-interface based, such as network listening (e.g., MBSFN based scheme), UE-assisted network synchronization (e.g., utilizing UE sounding, or (non-contention based) synchronized random access signal).

Each of these methods may be applied in some small cell deployment depends on different operation scenarios. The operator may choose one or more above methods according to its synchronization requirement.
2.2 Cost analysis
Depends on the answer from RAN3, the network listening method may or may not be feasible for FDD. Regardless of the answer from RAN3, an important factor needs to be considered for all the above method is the associated cost for different synchronization methods. 

Using satellite based methods such as GPS could be a feasible solution considering GPS receiver is widely available now and cost very little. However, as some of the small cell deployment scenarios will be at indoor environment, GPS reception will be degraded and could impact the synchronization performance. 
On the other hand, using the backhaul link as a means for synchronization, if the backhaul is good with negligible delay, it could fulfil the role for synchronization purpose. However, the typical cost for a good backhaul may be expensive for some operators if such backhaul is not there yet in some deployment scenarios.
For the third option of using radio-interface, the small cell eNB could behave as a UE when searching for synchronization signals from the macro eNB or other small cell eNBs. Thus, it requires that the small cell needs to be equipped with another receiver to listen to the synchronization signals. The cost to add a receiver inside a small cell eNB may be trivial with the actual cost for physical component between satellite based and backhaul based solutions. However, there’s some hidden cost in terms of radio resource consumed when using radio-interface based synchronization. The reason is that when a small cell eNB listens to the synchronization signals, not only it cannot transmit during the same radio resource, but other small cells should also reduce their transmit power or be completely muted on that radio resource, as otherwise, the performance of synchronization would be impacted due to interference from the other small cells. The aspect of whether such radio resource consumption and impact to system performance can justify the benefits of radio-interface based synchronization over other methods should be studied carefully.  
3 Conclusion
In this contribution, the cost aspect regarding different synchronization methods is discussed. In additional to the feasibility issue, the aspect of whether radio resource consumption and impact to system performance can justify the benefits of radio-interface based synchronization over other methods should be studied carefully.

In general, all methods have their advantages and disadvantages. Each method may be applied in some small cell deployment scenarios. We believe the operators have the flexibility choosing one or more methods according to their synchronization requirement and resource.
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