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1 Introduction
During RAN#61 meeting, it has been discussed and agreed to [1]
· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In this contribution, we share our views on some factors which may impact achievable accuracy of radio-based synchronization and present our evaluation results of feasible channel condition for network listening.
2 Analysis of Radio-Interface Synchronization for Small Cells
Radio-interface based synchronization mechanisms have been proposed as an alternate option for synchronizing small cells when other established (e.g. GPS or backhaul based) synchronization techniques are unavailable. Network listening is one of such radio-interface based synchronization mechanism where a target cell listens to RS (e.g, CRS) of a source cell to obtain timing reference. There are several factors which may affect the synchronization accuracy for network listening.
2.1 Factors Impact Achievable Accuracy for Network Listening
· Available reference signals
Current air-interface has defined many reference signals of which some are specifically designed for UE synchronization in mobile environments. For example, the PSS/SSS is designed for initial synchronization and cell identification. The CRS are commonly used and widely available for fine synchronization and tracking. Considering a better channel due to lack of mobility between the source cell and the target cell compared to that between a UE and a base station, a time synchronization accuracy of 3µs seems reasonably achievable with all existing reference signals as the synchronization accuracy achieved by UEs is typically much better than that.

Network listening has been studied in [2] for TDD where configuring MBSFN for network listening has been studied. Such method could be used for FDD as well. In the FDD system, there are at most 6 MBSFN subframes in a radio frame. If more than one MBSFN subframe were used for listening to a source base station, the accuracy could improve further. In the TDD system with UL-DL configuration 0, there is no MBSFN subframe. Under this circumstance, some implementation method(s) should be applied. In practice, one small cell can mute itself to listen to other base stations.
· Measurement Period
The frequency error of a base station is typically ±0.05 ppm ~ ±0.25 ppm (for different kinds of base station) within a period of one subframe (1ms) [3]. Apparently, the higher stability of oscillator (quality, that is, the lower frequency error the better) will bring a higher accuracy of synchronization. The effect of frequency error on timing performance was evaluated in [2] as well. It has been shown that a long measurement period such as 5 seconds can still maintain synchronization for typical base station frequency error. Furthermore, a shorter measurement period or multiple samples during a measurement can also improve the synchronization accuracy. Given different interference conditions at different small cells, the configuration of synchronization measurement period for different small cell should be different. Thus, a common fixed measurement period for all small cells is not necessary.
· Small cell ON/OFF
Currently, small cell ON/OFF is being studied for small cell enhancement. An uncoordinated small cell ON/OFF may affect the accuracy of network listening. For instance, when the first small cell is listening to the second small cell, the second small cell may turn OFF itself because there is no UE to serve. Hence, the time to obtain synchronization as well synchronization accuracy for the first small cell might be affected. Similarly, when a small cell is turned ON, a nearby small cell performing network listening may be interfered. An orthogonal RS pattern can be used to reduce this kind of interference.
However, for all small cell ON/OFF schemes considered in small cell enhancement study, network coordination is commonly assumed for various reasons during small cell ON/OFF transitions. Thus, information such as small cell ON/OFF notification may already be in place for other reasons such as handover, load balancing and/or interference coordination via backhaul to other small cells in a cluster. In this way, the impact of small cell ON/OFF to network listening can be mitigated as well.
2.2 Channel Condition between the Source and the Target
In this section, link level simulation results are provided for time synchronization on different channel conditions between the source and the target cell.
3 out 4 CRS symbols in a subframe with 320ms measurement interval are used for synchronization tracking. ETU channel with very low mobility are assumed. No filtering is used on multiple synchronization instances. In addition, carrier frequency error (CFO) 100 Hz and initial timing error 0.52μS are assumed. The simulation settings are listed in the annex.
As can be seen from Figure 1, in many cases, the synchronization errors are less than 3μS for the network listening. 
In [4], it has been shown that SINR distribution for network listening is typically higher than -20 dB even without any coordination among small cells. Hence, when taking both SINR distribution and our link level results of time synchronization performance into account, the accuracy of synchronization for network listening can be reasonably expected to achieve the 3μS target for a typical small cell deployment scenario.
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Figure 1 Time synchronization with frequency error

If there were a LOS path between the source and the target cell for network listening, the accuracy of synchronization could be improved further. From this aspect, a small cell with one (or more) separate antenna toward the source cell to create a LOS environment is helpful.
3 Conclusion
In this contribution, we have analyzed some factors which will affect the accuracy of network listening. We also presented our performance evaluation results for network listening under different SINRs in a typical small cell deployment scenario. Based on our analysis and simulation results, we have the following observations and conclusions:
· Existing reference signals are sufficient and available for network listening.
· Backhaul signalling developed for small cell ON/OFF should be considered for small cell network listening.

· The synchronization accuracy target can be achieved without air-interface change.  
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Annex
Table 1    Simulation Settings
	Parameter
	Value

	System Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Channel Model
	ETU 3km/h

	Carrier Frequency Error
	100 Hz

	Timing Error
	8 Samples at 10 MHz (1024 for FFT Size), that is, 0.52 μS

	Bandwidth of CRS 
	The same as system bandwidth.

	CRS Port(s)
	Port 0

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

	SINR
	From -40 dB to 0 dB
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