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1. Introduction 
The purpose of introducing small cell is to improve the system capacity and per UE and per area throughput. This technique would be especially beneficial for the hot spot and indoor environment. In RAN1 72 meeting, some scenarios within which small cell could be studied are identified and simulation assumption for small cell study is agreed.  Starting from RAN1 72bis meeting, some key areas that small cell enhancement could be achieved are discussed, which include spectral efficiency improvement and interference avoidance and coordination.  One other aspect that was touched upon but was not fully discussed is the synchronization of small cells. Two contributions [1]
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[2] on this aspects were submitted to RAN1 72bis meeting which provide some preliminary view/discussion on synchronization for small cell. The conclusion is that there is a need to further study radio-interface based synchronization mechanism for small cells.  In the upcoming RAN1 73 meeting, an agenda item (AI) is created to continue the discussion on this aspect. 
In this contribution, some considerations on radio-interface based synchronization mechanism are discussed and our preliminary views are provided. 
2. Discussion 
2.1.1. The need of radio-interface based synchronization mechanism
In small cell SID [3], it addresses that “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. In [4], it is stated that time synchronized deployments of small cell clusters are prioritized in the study and new means to achieve such synchronization shall be considered.”.   Having synchronized small cells would allow the support of some features that already show benefits for macro-cells in LTE-A, such as FeICIC, CoMP, interference coordination etc.  It is believed that these benefits could also be important and critical for small cells enhancement where the interference among neighbouring cells could be more severe. 
There are a couple of ways for achieving synchronization among small cells, which include 
· using GPS

· using backhaul link

· using radio-interface
Using 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.  For using the backhaul link as a means for synchronization, if the backhaul is ideal with negligible delay, it could fulfil the role for this purpose.  However, from the backhaul assumptions that operators could provide for small cell deployment [4], backhauls with a wide range of latencies could be deployed. Although several technologies have been defined for the purpose of extracting synchronization over a remote clock reference such as  IEEE1588v2 and NTP, achieving phase synchronization is still a challenge.     For the third option of using radio-interface, the small cell could behave as a UE when it is first turned on to search for synchronization signals from the macro-cell or other small cells. After obtaining such signals, it could try to synchronize with either the macro-cell or the small cell. After the initial synchronization, it could use the tracking reference signals (TRS) from the macro-cell or small cell for synchronization tracking.  The requirement for using this method is that the small cell needs to be equipped with another receiver to listen to the synchronization signals and TRS.  On the other side, whilea small cell eNB listens to the synchronization signals, other small cells should  reduce their transmit power  or completely silent, as otherwise, the performance of synchronization would be impacted due to interference from the other small cells.   The similar issues were noticed in TDD HeNB study [5] and some solutions were proposed, for example, using MBSFN subframes for this purpose. 
In general, we feel the use of radio-interface based synchronization would provide a more robust and reliable way to synchronize among small cells as compared with the other two methods. Because first it does not need to rely on the condition of backhaul link, which may not be in the control of the party that deploy the small cells, as such party could be either  wireless operators or other users (e.g., building owners) which may not deploy and own the backhaul link.  Secondly, it could be less impacted by outdoor or indoor environment  than a GPS receiver.  It would also allow quick deployment of small cell and achieve the kind of real plug-in and play operation.  Certainly, some complexity could be added to the small cell such as additional receiver, but considering the overall complexity of a small cell, such additional complexity may not incur too much extra cost. Besides, other methods could also be used if condition and accuracy in synchronization could be met. For example, if small cell are deployed in outdoor environment, GPS could be used, or if ideal backhaul link is used to connect small cells,  synchronization through backhaul link can be used.  
Proposal:
· Consider radio-interface based synchronization method as one of major ways to achieve synchronization for small cells. Further study on issues that may occur in using such method. 
2.1.2. Aspects that needs to be considered when using radio-interface based synchronization

If radio-interface based synchronization is introduced, a couple of aspects need to be considered in order to achieve a more robust and complete design. 
2.1.2.1. The status/level of a synchronization source and its signalling
If radio-interference based synchronization is used, when a small cell is turned on, it could see a number of synchronization sources. Which one to synchronize with would be the first decision that the small cell needs to make.  If there is a macro-cell nearby, the small cell could try to synchronize with the macro-cell. However, if there are a number of small cells nearby, or there is no macro-cell nearby, the small cell could try to synchronize with one of the small cells.  As cluster of small cells are considered in small cell enhancement study, in some scenarios it would be good for a small cell to synchronize with one of the small cell even with the existence of a nearby macro-cell. This is mainly because that synchronization among small cells could be more important for implementing some features among the cluster of small cells, such as interference coordination, CoMP etc.  Normally, if an anchor small cell is assigned for a cluster of small cell, it could be used as synchronization source of other small cells to synchronize with.  In the situation that a small cell may not be able to see the synchronization signal from an anchor small cell, it could try to synchronize with other small cells that are already synchronized with an anchor small cell.  To achieve all the above requirements using radio-interface based synchronization, some indications may be needed for each synchronization source to indicate the statue/level of a synchronization source, which will help a small cell to decide which synchronization source that it needs to synchronize with. 
For example, the status/level of a synchronization source could be defined in three levels

· Level 0: Not synchronize with any other synchronization source

· Level 1: synchronize with a GPS, or a macro-cell (like an anchor small cell)
· Level 2: synchronize with an anchor small cell or another small cell with synchronization level  2
With such synchronization level defined, when a small cell is turned on, it could search for synchronization signal with synchronization levels of 1 or 2, if it could find only level 2 synchronization source, it could synchronize with it. If it could see both synchronization sources with synchronization levels of 1 or 2, it could try to synchronize with the synchronization source with synchronization level 1 as that is more accurate.  If it could not find either synchronization source with synchronization levels of 1 or 2, it could search for synchronization signal from macro-cell and if it could find one, it could synchronize with it and set it synchronization level to be 1. 
The synchronization level of the synchronization source should be conveyed to other small cells.  As described in [5], in general,  two ways could be used, one is to explicit signal such synchronization level, and other is to implicit signal such synchronization level.  For explicit signalling, backhaul link could be used to convey such indication [5]. Alternatively, it could be conveyed in the system information that is transmitted in the air by each small cells.  For implicit signalling, different muted subframe pattern could be considered as described in [5]. Other options could be to associate synchronization signals with the synchronization status/level and therefore by synchronizing with a synchronization source, its synchronization status/level can be implicitly derived by the small cell. Using backhaul to convey such signalling is simple and straightforward, however, it may be limited by the delay of the backhaul especially in the situation that synchronization source changes due to turn on/off of small cells. The implicit ways using muted  subframe pattern is not limited by the backhaul, the drawback is it may require too many patterns to signal different synchronization level.  For small cells, such signalling could be carefully studied considering the difference between small cell and HeNB.
Proposal:

· Signalling of synchronization level of synchronization source should be carefully studied for small cell, which include both explicit and implicit ways of signalling. 

2.1.3. Handling of turn on/off  of small cell 
After small cells are deployed and all the small cells are in synchronization, the status of synchronization  for each small cell will be in more stable condition and may not change that often.  There are some exceptional occasions that synchronization status of small cells could change.  One of such exception would be the turn on/off of a small cell.  The impact would be more severe if an anchor small is out of service or replaced by another new anchor small cell. This is because lots of small cells could all  synchronize with the anchor small cell in a cluster.  Therefore, the handling of turn on/off of a small cell should be carefully considered with respect to the synchronization because if it is not handled properly and in a timely manner, many small cells could be impacted. 
2.1.3.1. A synchronization level 2 small cell is turned off
If the small cell with synchronization level 2 is turned off,  it will affect other small cells that are in synchronization with it.  If such turning off of small cell is planned, for example, when the traffic load is low at night, some small cells could be turned off on purpose to reduce power usage and reduce interference to neighbouring small cells, the small cells that are in synchronization with this particular small cell that is going to be turned off could be informed by the anchor small cell to start searching for other small cells. After each affected small cell finds a new small cell that it can synchronize with, this small cell could be turned off without impact to other small cells.  
If a small cell is powered off due to some unpredicted reason, the other small cells what are in synchronization with it, should start to search for new synchronization source immediately, and at the same time, continue to provide service to its UEs. Before such small cells could find new synchronization sources and start to be in synchronization with each other again, the performance of the system could be impacted to some extent, however, as long as each small cell still behaves like a cell, the service won’t be interrupted completely. 

2.1.3.2. A sync level 1 small cell is turned off

If an anchor small cell needs to be turned off or is out of service due to some accident, the impact to the whole cluster would be severe, due to the fact that there could be a large number of small cells in synchronization with the anchor small cell.  In general, if the power-off of an anchor small cell is in the plan, for example, for maintenance purpose, or being upgraded/replaced by another small cell, the message  shall be informed to other small cells ahead of time to allow other small cells to search for new synchronization sources. For example, a new anchor cell could be nominated and its synchronization level could be signalled, all other small cells could try to synchronize with the new anchor cell or other small cells that is in synchronization with this new anchor small cell.  That would minimize the impact due to the power-off of the current anchor small cell.  If the anchor small cell is out of service due to some accident, all the other small cells who are in synchronization with it shall maintain its service to its UE, and at the same time, start to search for a new synchronization sources.  By following certain procedure, the small cells could form a synchronized system by themselves over a certain time of period. 
Proposal:

· The synchronization process with use of radio-interface synchronization should be studied especially for the scenarios when small cells are turned on/off. 

3. Conclusions

In this contribution, a number of aspects regarding radio-interface based synchronization are discussed.  Our views on these aspects could be summarized as follows. 

· Consider radio-interface based synchronization method as one of major ways to achieve synchronization for small cells. Further study issues that may occur in using such method. 
· Signalling of synchronization level of synchronization source should be carefully studied for small cell, which include both explicit and implicit ways of signalling. 

· The synchronization process with use of radio-interface synchronization should be studied especially for the scenarios when small cells are turned on/off. 
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