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1 Introduction

In RAN1 #72bis meeting, the feasibility and benefits of radio-interface based synchronization mechanism was discussed. As observed in [1], it is beneficial to introduce a radio-interface based synchronization mechanism for small cells. In this contribution, the feasibility of radio-interface based synchronization mechanisms will be further studied from the perspective of scenarios and solutions.

2 Discussion 
As discussed in [1], it is well known that TDD system needs inter-cell synchronization on the same frequency or different frequencies within the same band; in addition, for both TDD and FDD, it would be essential to consider the synchronization mechanisms between cells to bring benefit to the existing features (e.g. (f)eICIC, COMP as well as carrier aggregation) and some potential techniques for small cell enhancements (e.g. efficient discovery and dual connectivity especially with single radio UL). For some other techniques such as advanced receiver at UE, the synchronized network is beneficial for the receiver performance. For example, according to RAN4 study, the UE demodulation performance with MMSE-IRC under synchronized network would be better than that under non synchronized network as summarized in [2].
In addition, synchronization by GNSS or synchronization over backhaul network is not always available for small cell deployments, e.g. indoor deployment, hotspots with high buildings around. The additional cost brought by these two mechanisms is also concerned especially for small cells. Therefore it was observed that it is beneficial to introduce a radio-interface based synchronization mechanism.
In the following sections, the scenarios for small cells to consider synchronization will be firstly described. Then several possible solutions of radio-interface based synchronization mechanisms will be analyzed and compared. 
2.1 Scenarios 
Synchronization for small cells includes the synchronization between small cells as well as the synchronization between the overlaid macro cell and small cells. A typical scenario for further study on radio-based synchronization is a cell cluster as depicted in Figure 1, where a cluster of cells are closely deployed geographically. The small cells are deployed with or without macro coverage, operated in the same frequency or the same band and belong to the same operator or different operators. 
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Figure 1. A typical scenario for small cell synchronization 
For the above scenario, it is needed to introduce a primary synchronization source to provide the reference timing within each cluster. This reference timing can be from the overlaid macro cells. For some cases when the overlaid macro cell is not available or the timing of the overlaid macro cell cannot be used, the reference timing source could also be a small cell or other entity. Scenario 3 can be an example that the overlaid macro cell is not available [3]. An example that the overlaid macro cell cannot be used is that a small cluster is at the border of two non synchronized macro cells. 
When two neighbouring cell clusters do not have usable overlaid macro cell and take different small cells as reference timing sources,  the reference timing sources need also to be synchronized, e.g., by GPS, as shown in Figure 2.
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Figure 2. Synchronization between clusters

The focus of radio-based synchronization is considered to be the synchronization within the cluster. As mentioned above, the primary synchronization source provides reference timing for the cluster. For the case where not all the cells in the cluster can acquire this reference timing directly from the primary synchronization source, the multi-hop synchronization similar as the one mentioned in [4] should be investigated.

Some possible solutions over the radio-interface to achieve this synchronization will be analyzed as follows with regard to the synchronization overhead, synchronization accuracy as well as the cost/complexity.
2.2 Solutions
In this section, two types of radio-interface synchronization solutions including synchronization by network listening and UE-assisted synchronization will be discussed. In the following, a cell provides synchronization for another cell is defined as a source cell and a cell acquires synchronization from another cell is defined as a slave cell.
· Synchronization by network listening

By network listening, a slave cell can directly acquire synchronization by detecting the signals from its source cell. The signals can be the existing reference signals or new signals if justified. In order to receive these signals, the slave cell would stop transmission and listen to its source cell in some certain interval. Two methods which use MBSFN subframes and GP as listening slots respectively were mentioned in [4] for TDD intra-frequency synchronization. Multi-hop synchronization is considered in both methods, while the maximum hop number is limited to 2 in the method using GP. 

The synchronization overhead for this solution includes the downlink resource reserved for listening slots. In addition, in order to ensure the signals from the source cell can be detected by the slave cell reliably, the neighboring cells of this slave cell could also stop transmission to reduce the interference when this slave cell performs network listening. In this case, this synchronization overhead is increased with the increasing of multi-hop number in the small cell cluster.
The synchronization accuracy is impacted by multiple factors. It decreases as the hop number increases. It is also impacted by the detection/tracking accuracy at the eNB side, which largely depends on the pattern design of the synchronization signals. In addition if a slave cell synchronizes to the arriving timing of the signals from the source cell, the propagation delay between the source cell and the slave cell will be transferred to the slave cell timing and cause additional timing error. Compensation can be considered if the propagation delay is large, e.g., by adjusting the timing with a random access procedure between the source cell and the slave cell. 
From the aspect of cost, if this solution applies to FDD system, an additional receiver on downlink is required in eNB. Furthermore if the propagation delay needs to be compensated, an additional transmitter on uplink may also be required in eNB. This would introduce extra cost at the eNB side. According to above analysis, the network listening solutions can be studied further from the following aspects: 
· more hops
· low overhead
· high synchronization accuracy
· low cost
· UE-assisted synchronization 

In this solution, the synchronization between the source cell and the slave cell can be achieved by some information provided by or obtained from UEs. For example, a UE can detect the arriving timing of downlink signals from the source cell and the slave cell, or the source cell and the slave cell can detect the arriving timing from a UE’s uplink signal. The network can derive the timing difference between the source and slave cell if such information can be well exchanged and used.
The synchronization overhead is mainly considered on the UE side which helps to acquire the synchronization. For example, the synchronization overhead may include the downlink resource for triggering UE action, the uplink resource for reporting and random access. In addition, the backhaul resource used between the source cell and the slave cell can also be considered in the overhead analysis. 

Similar as for network listening, the accuracy for UE-assisted synchronization is impacted by multiple factors. It decreases as the hop number increases. It is also impacted by the detection/tracking accuracy at the UE side, which largely depends on the pattern design of the synchronization signals.

Additional complexity at UE side needs to be introduced for both TDD and FDD system with the UE-assisted solution if this solution is not transparent to UEs.
Finally for this solution, when considering the different scenarios for small cells as mentioned above, this solution is more difficult to be applied to the scenario with two different operators operating TDD systems in the same band. 
In summary, according to the above analysis, the two radio-based synchronization solutions are summarized and compared in the following table. 

Table 1. Comparison of different radio-based synchronization solutions

	
	Network listening
	UE-assisted synchronization

	Synchronization overhead
	Reserved DL resource for listening slots;
Increases with the multi-hop number
	DL resource for triggering UE action;
UL  resource for reporting and random access;
Backhaul resource between source cell and slave cell

	Synchronization accuracy
	Decreases when the number of hops increases; 
Depends on detection/tracking accuracy at eNB side;

Additionally decreases when the distance between source cell and slave cell increases if the slave cell synchronizes to the received source cell timing
	Decreases when the number of hops increases; 
Depends on detection/tracking accuracy at UE side;

	Cost/Complexity
	Additional receiver in DL and  possible additional transmitter in UL for FDD system
	Additional UE complexity if this solution is not transparent to UEs for both TDD and FDD system

	Others 
	
	More difficult to be applied to the inter-operator scenario.


Investigating the radio-based synchronization solutions should also take into account of the applicability/compatibility with the potential techniques in small cell enhancements such as cell on/off and the other ongoing study items such as network assisted interference cancelation and suppression.

3 Conclusion
In this contribution, the scenarios and solutions of radio-interface based synchronization are discussed. It is observed that 
· Radio-interface based synchronization is necessary
It is proposed to 
· Study the radio-interface based synchronization solutions at least including:

· Network listening

· UE-assisted synchronization

· Analyze the following aspects of the solutions:

· Synchronization overhead
· Synchronization accuracy 

· Cost/complexity
· Applicability/compatibility with the ongoing studies 
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