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1 Introduction

In RAN #62 meeting, it was agreed to support [1]

· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g.of 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.

· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells

· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band
This contribution discusses the support of stratum level indication as well as network listening RS resource indication.

2 Discussion

2.1 Indication of the synchronization stratum level 
The stratum level plays an important role in network listening and will affect the source cell selection. Generally, it is considered that the source cell with lower stratum level is better synchronized.  So the target cell should choose a cell with lower stratum level if possible. In this way, the network could be better synchronized. For example, as discussed in [2], the target cell identifies the synchronization stratum of the surrounding cells and chooses the cell with the lowest stratum level and sufficient hearability to be the source cell.  Several methods can be considered to support synchronization stratum level indication.
· Method 1:by backhaul signalling

With this method, the target cell asks the MME of the stratum of the potential source cells. The MME would forward this request to the source cells and transfer the reply from the source cells back to the target cell. This method has been specified in RAN3. The definition of stratum level is included in Time Synchronization Info IE and specified as follows [3]:
Time Synchronization Info
The Time Synchronization Info IE is used for signalling stratum level and synchronization status for over-the-air synchronization using network listening. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Synchronization Info
	
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)
	

	>Synchronization status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)
	


According to this definition, RAN3 specification supports 4 stratum levels with 3 hops. It is easy to be extended to support more hops. However, it is difficult to use this method for inter-operator scenario considering of network interconnectivity among different operators. 
· Method 2:by implicit physical layer signalling
With this method, the stratum level of the source cell can be signalled implicitly by defining the relationship between stratum levels and the network listening RS configurations, and the target cell can detect the stratum level by blind detection of the listening RS. 
This method can be used for both intra-operator and inter-operator scenarios as long as the different operators have the same understanding on the predefined relationship. It is worth mentioned that the blind detection performance will affect the judgement on stratum level. Similar as to improve synchronization accuracy, improving SINR experienced by network listening RS is necessary to ensure the blind detection performance so as to reduce the false detection probability.
· Method 3: by explicit physical layer signalling
With this method, the stratum level of the source cell is conveyed by physical layer signalling explicitly.  This method can be used for both intra-operator and inter-operator scenarios. The detailed design needs further consideration. 
Proposal 1: Applying implicit or explicit physical layer signalling to indicate synchronization stratum level.
2.2 Indication of network listening RS resource

The indication of the network listening RS resource in the source cell is needed. If the information of network listening RS resource location is not available, it can often happen that the source cell does not transmit any network listening RS in those subframes where the target cells try to listen. For example, those subframes are configured as MBSFN subframes without listening RS, e.g., CRS, transmission in the non-unicast symbols but with DMRS-based data transmission, MBMS traffic and so on. Thus the target cell has to listen again in other subframes until it finds the listening RS.

Since the target cell stops its transmission in those network listening subframes at least when the target cell and source cell are of the same frequency, the frequent reselection would cause large unnecessary resource waste. In addition, blind detection of listening RS is also used in this process and improving the hearability should be considered. However it is difficult to improve the hearability without certain configuration of listening subframes,
Two possible methods to indicate the network listening RS resource are analyzed as follows. 

· Method 1: by backhaul signaling

With this method, the resource of network listening RS can be exchanged through backhaul signalling. However when the target cell and the source cell belong to different operators, as analyzed above, it is difficult to exchange network listening RS resource information considering of network interconnectivity among operators.

· Method 2: by predefined resource allocation patterns and blind detection
With this method, the listening RS resource allocation is predefined. One example is to define a set of MBSFN subframe allocation patterns, and each source cell transmits listening RS with one of the defined patterns. The target cell performs blind detection of listening RS among the set of patterns. This method can be used for both intra-operator and inter-operator scenarios.
Observation1: The indication of network listening RS resource is needed.
Proposal 2: Indicating network listening RS resource by predefined resource allocation patterns and the target cell performs blind detection of the listening RS among the predefined patterns.
3 Conclusion

In this contribution, the indications of the stratum level as well as the network listening RS resource were discussed. According to the analysis, some observations and proposals can be obtained.
Observation1: The indication of network listening RS resource is needed.

Proposal 1: Applying implicit or explicit physical layer signalling to indicate synchronization stratum level.
Proposal 2: Indicating network listening RS resource by predefined resource allocation patterns and the target cell performs blind detection of the listening RS among the predefined patterns.
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