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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 intra/inter-operator deployment. 

2 Network listening solutions for intra/inter deployment
2.1 Overview of the three steps for network listening
Three steps are needed to support network listening between eNBs of same and different operators.

· Coarse synchronization

· Selection of synchronization source

· Fine synchronization

In Table 1, alternative solutions to the three steps are listed, with analysis on how it can be used within an operator and for inter-operator deployment. 

Table 1 Overview of network listening steps

	Steps 
	Solutions 
	Within an operator 
	Inter-operator 

	Coarse synch. 
	Listening to PSS/SSS, obtaining PCI 
	By implementation 

	Selection of synchronous  sources 
	Indication of synch. status (synch. vs. asynch.) 
	Option 1: Indicated by, e.g.,  a predefined subset of PCI 
	By standardization and   OAM configuration 
	Negotiation to achieve common subset or mutual knowledge of the OAM configurations 

	
	
	Option 2: by backhaul signaling 
	By standardization 
	Not applicable 

	Fine synch. to the cell with e.g., lowest stratum level and sufficient hearability 
	Detecting listening RS (e.g., CRS, PRS..) and stratum level
	Option 1: Blind detection of listening RS and stratum level by introducing predefined mapping rules between listening RS pattern and stratum level 
	Alt 1: By standardization 

	
	
	
	Alt 2: by OAM configuration 
	Negotiation for common mapping rules and common OAM configuration 

	
	
	Option 2: Listening RS pattern and stratum level indicated by  Backhaul signaling 
	By standardization 
	Not applicable 


In the following sections, more detailed analysis is provided for each step.
2.2 Step 1: Coarse synchronization

A target cell needs to obtain the coarse synchronization when it powers on or loses synchronization. Coarse synchronization can be achieved by detecting PSS/SSS of source cells by implementation.

2.3 Step 2: Selection of synchronous sources

A target cell needs to identify the synchronous sources that it can synchronize to. The indication of synchronous/asynchronous status is necessary.

If a cell synchronized with other synchronization sources, such as GNSS 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 [2].

	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, a simple solution is to differentiate the synchronous/asynchronous status with two different value ranges of PCI (Physical Cell ID). The exact value range can be configurable with OAM. Operators then can exchange the configurations by negotiation.

The synchronous/asynchronous status indicated by value ranges of PCI can be simply defined as: 

A cell synchronized to GNSS or directly synchronized to the synchronized macro cell layer is indicated by using the PCI which belongs to an OAM configured PCI list. The corresponding standardization can be handled in RAN3.

Proposal 1:
· A cell synchronized to GNSS or directly synchronized to the synchronized macro cell layer is indicated by using the PCI which belongs to an OAM configured PCI list
· Send LS to RAN3 to specify the above method (could be in 36.300)
2.4 Step 3: Fine synchronization

In this step, the target cell achieves fine synchronization to the selected source cell with e.g., lowest stratum level and sufficient hearability.
To achieve fine synchronization, the target cell needs to know the listening RS pattern and stratum levels of the source cells. Regardless of the indication method of listening RS pattern (blind detection or explicit signaling), the listening RS pattern itself needs to be defined firstly, so that the eNBs of different vendors and the eNBs of different operators can implement common listening RS pattern. Here the listening RS pattern includes per subframe pattern, listening subframe periodicity, listening subframe offset. Mapping rules between listening RS pattern and stratum level is also included when blind detection of stratum level is applied.
Alternative 2 of option 1 purely relies on implementation, i.e., OAM configuration within an operator and negotiation among different operators. It requires common solutions among different vendors without standardization, and it also requires operators to negotiate and achieve agreement on all the following details:
· Same per subframe listening RS pattern 

· Same listening subframe periodicity

· Same listening subframe offset 

· Same mapping rules between listening RS pattern and stratum level
As each operator may have a different desired method and each vendor may also have a different desired method and different requests from each operator, such negotiation is very difficult. An example is shown in Figure 1, where the lines indicate where the negotiation is needed.
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Figure 1 Negotiation for the same listening RS pattern among different vendors/operators

In addition, specifying listening RS is also needed to support muting which was agreed in RAN1#76 [3].
Proposal 2:  Introduce Listening RS based on existing reference signal(s). 
At least in order to exchange the stratum level between eNBs of different operators, the listening RS can be configured dependent on stratum levels, so that the stratum level can be blindly detected. 
The detailed listening RS design can be found in [4], including the per subframe RS pattern, listening subframe configuration and mapping rules between RS pattern and stratum level
3 Standard impacts to UE behaviors
There can be no impact on UE behaviors when listening RS is designed properly. 
The periodicity of listening RS of each source cell is in the level of 5~10 seconds. To support up to stratum level 6, taking into account of muting, the overhead is ~0.1%.
When theses subframes are distributed enough, the impact on UE RRM/RLM measurement can be neglected.
As asynchronized retransmission is used in downlink, there is no impact on PDSCH transmission.
It is still preferable to keep the control area in the listening subframes to assure the correct transmission of UL grant and PHICH.
Proposal 3: Design listening RS such that the UE behaviors can be unchanged. 
4 Conclusions
This contribution provides the network listening solutions for intra/inter-operator deployment. It is proposed that

Proposal 1:
· A cell synchronized to GNSS or directly synchronized to the synchronized macro cell layer is indicated by using the PCI which belongs to an OAM configured PCI list
· Send LS to RAN3 to specify the above method (could be in 36.300)
Proposal 2:  Introduce Listening RS pattern based on existing reference signal(s). 

Proposal 3: Design listening RS such that the UE behaviors can be unchanged. 
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