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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 provides the network listening solutions for inter-operator TDD deployment. 
2 Discussion on the network listening mechanisms for inter-operator TDD deployment
As stated in [2], contiguous TDD spectrum allocation among different operators is available and can be more popular in the higher frequency bands. Synchronization becomes important among the cells of different TDD operators deployed in the same band and same region, since the unsynchronized network will incur significant mutual interference and degrade the network performance of both sides, e.g., when the transmit powers on the uplink and downlink are very different. 
Two different directions were provided in [2]:

· Possible air-interface based approach considered to achieve inter-operator synchronization: Mutual network listening - With this approach, communication between the cells of different operators is needed, such as the stratum level indication, RS configuration and etc.
· In case that the operators negotiate or exchange information about their common/reference timing, inter-operator synchronization may be achieved by appropriate synchronization requirements in RAN4.
In the following sections, the above two different directions of the solutions are discussed respectively
2.1 Mutual network listening
With this method, information exchange between the cells of different operators is needed, which is same as what is needed for intra-operator deployment, including:
· Indication of stratum level

· Indication of network listening RS resources

· Indication of synchronous/asynchronous status
The methods to support the indication of stratum level and network listening RS resources are discussed in detail in [3]. According to the analysis, the following is proposed for both intra-operator and inter-operator deployments 

-  To apply implicit or explicit physical layer signaling to indicate synchronization stratum level.

-  To indicate network listening RS resource by predefined resource allocation patterns and the target cell performs blind detection of the listening RS among the predefined patterns.

The indication of synchronous/asynchronous status is necessary for network listening. It is especially important for inter-operator deployment. 
If a cell synchronized with other synchronization sources, such as GGSN or other synchronized cell, it can be assumed as synchronous. An asynchronous cell can also be a source cell if a cell cluster is isolated. The synchronization status should be known by other cells, so that the target cell can choose the appropriate source cell. When both synchronous and asynchronous cells are candidate source cells, a target cell should prefer the synchronous one to be the source cell.  
The indication of synchronous/asynchronous status is especially important for inter-operator deployment, as it can happen more frequently than intra-operator deployment that the detected candidate source cells are asynchronous. 
The indication of synchronous/asynchronous status has been specified in RAN3 as shown below [4].
	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, …)
	


However it is difficult to apply this method for inter-operator deployment considering of network interconnectivity among different operators. Considering the inter-operator deployment, explicit or implicit physical layer based solution is preferred. One simple solution is to differentiate the synchronous/asynchronous status with two different value ranges of cell IDs. The exact value range can be defined in the specification, or can be configurable with OAM. If it is configurable, operators need exchange the configurations by negotiation. 
2.2 By appropriate synchronization requirements in RAN4
With this method, it may assume the network of each operator has achieved a global synchronization with the required accuracy, i.e., any cell is synchronized to the defined timing (e.g., certain GGSN timing after negotiation). The current synchronization requirement defined in RAN4 is for any two cells that are overlapped with each other. Such global synchronization requirement is very stringent and it is demanding for implementation.
3 Conclusions
In this contribution, two different methods to support synchronization among operators, by mutual network listening and appropriate synchronization requirements in RAN4 were discussed. Since the method by appropriate synchronization requirements in RAN4 will be very stringent, we propose to support network listening among operators.
· Information exchange among operators is needed including:
· Indication of stratum level
· Indication of network listening RS resources
· Indication of synchronous/asynchronous status, etc.
· Common solutions of the indications for intra-operator deployment and inter-operator deployment are preferred.
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