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1 Introduction

As mentioned in the small cell enhancements SID [1], the 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, in this contribution, the feasibility and benefits of radio-interface based synchronization mechanism is discussed.

2 Discussion 
Synchronization between cells is one important factor for many existing mechanisms, such as interference coordination (e.g. (f)eICIC), inter-eNB COMP as well as carrier aggregation as mentioned in  TR36.932 [2]. It would also bring benefit for the efficient discovery of small cells (e.g. to perform quick small cell identification), which is one significant mechanism to ensure the efficient operation of a small cell layer as described in [1]. Furthermore, for small cells in TDD mode, synchronization is also required to avoid the inverse link interference (i.e. the inter-cell interferences of eNB to eNB and UE to UE). Therefore it would be essential to consider synchronization between the small cells as well as small cells and the macro layer.
Three synchronization techniques have already been investigated in TR 36.922 for TDD HeNB, including synchronization by GNSS (e.g., GPS), synchronization over backhaul network (e.g., IEEE 1588 v2), and synchronization through the radio-interface (e.g., network listening). The following sections will analyze and compare the applicability of these methods in small cell scenarios. 
2.1 Synchronization by non-radio-interface
The synchronization mechanism by non-ratio-interface refers to GPS and IEEE 1588 v2 as depicted in [3]. These mechanisms may not be feasible for small cells. The reasons include:
· GPS is not always available for small cells, especially for the indoor deployment with weak GPS signal. However the indoor deployment is one of the important target scenarios as defined in [2].
· With IEEE 1588v2, in order to ensure synchronization accuracy, good backhaul conditions (e.g., operator controlled fiber/Ethernet) as well as the symmetrical upstream packet delay and downstream delay should be guaranteed. However considering the categorization of non-ideal backhaul as described in Table 6.1-1 of [2], such good backhaul conditions may not always be possible in small cell deployment. Furthermore unequal delays will also create the synchronization errors up to many milliseconds. Thus IEEE 1588 v2 is also not suitable for small cells.
2.2 Synchronization by radio-interface
The synchronization mechanism by radio-interface is also called network listening in [3]. The technique in which a HeNB derives its timing from a synchronized eNB or HeNB (which in turn may be GNSS-synchronized) is referred to as "synchronization using network listening." It can be used in scenarios where GPS and IEEE 1588 v2 do not work [3]. In addition, multiple-hop synchronization is also discussed when a HeNB cannot acquire synchronization from a primary synchronization source (an eNB or HeNB with GNSS synchronization). Figure 1 depicts one example of the synchronization system with one and multiple hops. 
	[image: image1.emf]GPS

   

Synchronized 

eNB


	[image: image2.emf]   

GPS

 

Synchronized 

eNB



	(a) Single hop
	(b) Two hops


Figure 1.  Synchronization system with single or two hops
Two radio-interface synchronization methods were discussed in [3], which use MBSFN subframes and GP as listening slots respectively. It needs study to decide whether the existing radio-interface based synchronization methods are sufficient or not in the small cell deployment taking into account the multi-hop numbers in the small cell clusters and the corresponding resource waste. 
In addition, it would also be necessary to consider some enhancements of the radio-interface based synchronization methods especially for the scenario with multi-carrier deployments, dynamic on/off switching of small cells, as well as to perform the synchronization between two small cell clusters. For example when considering the dynamic on/off switching of small cells, the relationship of synchronization source and target small cells may be changed which might cause synchronization error. When the synchronization for two adjacent small cell clusters is performed without any coordination, the small cells near the border of these two clusters would collide and interfere with each other. An example of this case is captured in Figure 2. 
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Figure 2. Illustration of synchronization between small cell clusters
In summary according to the above analysis, we propose 

· Consider the enhancement of radio-interface based synchronization mechanisms to ensure the efficient operation of small cell deployment. 

3 Conclusion
In this contribution, the necessity of radio-interface based synchronization mechanisms for operation efficiency improvement was analyzed and it is proposed that:

· Consider the enhancement of radio-interface based synchronization mechanisms to ensure the efficient operation of small cell deployment. 
References

[1] RP-122032, New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects.
[2] TR36.932, Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN.
[3] TR36.922, TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis.











































































