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1 Introduction
During RAN#62 meeting, a WID on small cell enhancement has been approved [1]. The following have been agreed as the object on radio-interface based synchronization (RIBS):
· 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. 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
Source cell selection mechanism has been identified and evaluated as a way to improve the achievable synchronization accuracy for network listening [2]. In this contribution, we share our views on several aspects of network listening: source cell selection, number of hops and RS for network listening.
2 Network listening
2.1 Source cell selection

During the small cell enhancement study item phase, evaluations were carried out to investigate the achievable accuracy by network listening. It has been found that source cell selection mechanism has a big impact on the achievable synchronization accuracy for network listening [2]. 

Typically, a small cell as the target cell of network listening would select a cell with acceptable received signal quality and small synchronization stratum as its source cell. In case there’re multiple candidate source cells who meet the signal quality and synchronization stratum level requirement, some special consideration should be given to the source cell selection mechanism.  As shown in our previous contribution [3], depending on the scenarios, source cell selection for network listening which always choose the best received signal quality does not always guarantee the best synchronization accuracy. The underlying reason is actually intuitive and straight forward: the best received signal quality may be from a source cell which is not local to the target cell and/or all the cells in the same small cell cluster of the target cell. Therefore, one criterion in addition to received signal quality and synchronization stratum is whether the candidate source cell is local to the target cell for network listening. For example, a candidate source cell is local if it’s one small cell under the same macro-cell and hence in the same small cell cluster as the target cell. In another example, the overlaid macro cell or a neighbor macro cell in the case of synchronized macro network can be of local to the target small cell as well.
In order to support the above mentioned source cell selection, some backhaul signaling should be introduced to exchange information such as synchronization status and relation of the candidate source cell(s) to the target cell for network listening. Note that such information is needed no matter centralized or distributed source cell selection as it will provide an effective mechanism for a target small cell selecting a right source cell. As shown in [2, 3], when coupled with coordinated muting which is also facilitated by those synchronization information exchange, synchronization accuracy will be improved without too many hops. 
2.2 Number of hops for network listening

As been extensively evaluated and shown in [2], the number of hops for network listening depends on the deployment scenario and source cell selection mechanism.

Case 1: 

One small cell within a cluster (under a macro-cell and, listing to this macro-cell) is selected as the source cell and other small cells will listen to this small cell. In this case, if coordinated listening introduced, two hops are enough for network listening [3].

Case 2: 

The candidate source cell(s) is/are selected from the local macro-cell that is overlaid with this small cell or small cell(s) belong to the local macro cell. In this case, three hops are enough for network listening [3].

Case 3: 

The candidate source cell(s) is/are selected from the local overlaid macro cell, or small cell(s) belong to the local macro cell, or another macro cell that is synchronized to the local macro cell, or small cell(s) belong to another macro cell. In this case, one hop is enough for network listening according to [5].

Thus, when source cell selection and coordinated listening are used, no more than three hops are enough for network listening to achieve synchronization. It is not greater than the stratum level specified in [4] as shown in the following table 1. 
Table 1   The Time Synchronization Info IE [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, …)
	


2.3 Type of RS for network listening
A link level simulation is performed to evaluate the network listening performance of different RS. From the following figure 1, figure 2 and table 2, it can be observed that the required SINR for the single port CRS is -11 dB; while -9 dB for the single port CSI-RS (at the metric of 90% probability falling into [-1.5, +1.5] μs, listed in the following table 2). Take the additional overhead of CSI-RS into consideration, it is recommended that the RS for network listening should be CRS. 
Detailed simulation settings are listed in the annex.
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Figure 1 Time synchronization CDF for CSI-RS and CRS under different SINR
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Figure 2 Zoom-in of time synchronization CDF at -1.5μs (left one) and +1.5μs (right one)

Table 2   Probability of CRS/CSI-RS at different SINR that falling into [-1.5, +1.5] μs
	SINR of RS

RS Type
	Probability

	
	-11 dB
	-10 dB
	-9 dB

	CSI-RS
	83.3%
	89.1%
	91.8%

	CRS
	90.1%
	97.1%
	98.0%


3 Conclusion
In this contribution, we discussed several aspects of network listening: source cell selection, number of hops and RS for network listening.  We have the following observations and proposals:
· Multiple stratum level beyond 3 hops is not necessary when proper source cell selection mechanism is used.
· Backhaul signalling should be specified to support source cell selection and coordinated listening.
· The CRS shall be used for network listening.
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Annex
Table A.1    Settings for Link Level Simulation
	Parameter
	Value

	System Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Channel Model
	EPA with 0.01km/h UE speed

	Carrier Frequency Error
	[-100, +100] Hz, uniform distribution, random selection.

	Timing Error
	[-8, +8] samples, that is, [-0.52, +0.52] μs, uniform distribution, random selection.

	Bandwidth of CRS / CSI-RS
	The same as system bandwidth.

	CRS Port(s)
	Port 0 only

	CRS Symbols
	CRS on symbol 4, 7, 11. Symbol 0 is not used for tracking.

	CSI-RS Port(s)
	Port 15 only

	SINR
	From -12 dB to -9 dB
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