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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 the last RAN1#74bis meeting, we provided the link level performance of network listening for radio-interface based synchronization. In this contribution, we give further evaluation results on network listening based on evaluation assumptions in [2].
2 Evaluation results
2.1 Link level simulation results
In this section, link level simulation results are provided for time synchronization in different channel conditions between the source and the target cell.
3 out of 4 CRS symbols in a subframe with ten seconds measurement interval are used for synchronization tracking. The EPA channel with very low mobility is assumed. No filtering is used on multiple synchronization instances. In addition, carrier frequency error (CFO) and initial timing error are taken into consideration. The simulation settings are listed in the annex.
From the following figure 1 and figure 2, it can be observed that to have a synchronization accuracy falling into [-1.5 μS, +1.5 μS] with greater than 90% probability, the SINR should be higher than -15dB. 
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Figure 1 Time synchronization CDF with frequency error 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)
2.2 System level simulations
Based on the above link-level SINR threshold, system level simulation is performed to determine the SINR distribution for network listening and proportions of small cells in a cluster for different synchronization hops. The agreed evaluation assumptions in [2] are used. SCE scenario 2b with 2 floors per building and 4 small cells per floor is assumed. Here, two cases are considered in the simulation in terms of source cell selection for network listening.
· Case 1:  Only one small cell within each cluster is assumed to be able to directly acquire the reference timing from macro layer or GPS. Note that this may be the extreme case limited by some practical deployment constraints for network listening. 

In this case, the small cell which has the maximum received power of the macro cell is chosen to be of stratum level 1. Then other small cells will select the cell with the smallest stratum level (that is, the highest accuracy) as its source cell to perform synchronization if the SINR between the source and the target cell is higher than a threshold, e.g. -15 dB. 
Network listening has been extensive studied in [3] for TDD HeNB. Note that, it is commonly understood that when a cell obtains synchronization via network listening, it has to stop transmitting at the same frequency and monitor the signals of its source cell. So it is assumed in our simulation that a small cell will not transmit during the subframe when it is listening. Furthermore, it is typical and beneficial to coordinate network listening in order to minimize network listening overhead at least for the cells of the same stratum level. This is easily achieved by, for example, the OAM configuration or configuring all small cells with the same listening places (e.g. MBSFN subframes) for a given stratum level [3]. Thus, to model such typical network listening scenario, it is also assumed in our simulation that one common network listening subframe for all small cells of the same stratum level.

· Case 2: No limitation on the number of small cells which directly acquire the reference timing from macro layer. All small cells can perform network listening on signals received from either the local macro cell or other small cell eNBs. Note that as network listening on the macro cell is on a different frequency from the small cell’s transmission, a small cell can still transmit when it listens to the macro cell.
Figure 3 shows the SINR (of the source cell signal received at the target cell) distribution of small cells for network listening in the above cases.
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Figure 3 SINR distributions for network listening for small cells in scenario 2b (dense)
As the figure 3 clearly shows, with the help of coordinate listening at the same stratum level, the observed SINR is much higher than the required threshold. For example, in case 1, for more than 90% of small cells, the SINR is higher than 0 dB.
Table 1 gives the distribution of different synchronization stratum levels for the above cases. It can be seen that the stratum levels are mostly 1 (i.e., majority of small cells are able to directly listen to the macro cell) and never exceed 3 if no limitation on the source cell selection. Furthermore, the stratum levels will never exceed 2 if the small cells in a cluster join the coordinated listening. In our simulation, all other small cells in a cluster are able to obtain synchronization with one common listening subframe from the single source small cell in case 1.
Table 1 Ratio of small cells with different stratum levels in the case of scenario 2b (dense) (%)
	Stratum level
Threshold(dB)
	
	1
	2
	3

	-15
	Case 1
	12.5
	87.5
	-

	
	Case 2
	91.17
	8.33
	0.5


3 Conclusion
In this contribution, we have presented our further performance evaluation results for network listening under different SINRs. Based on our simulation results, we have the following observations and conclusions:
· The SINR should be higher than -15dB for single hop network listening.
· Majority of small cells can obtain synchronization directly from the macro cell in typical scenarios. 
· In extreme cases where network listening directly from the macro cell or GPS is constrained, existing schemes such as coordinated listening can be considered for network listening.
References
[1] RP-131373 -Status report for SI Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects. TSG RAN Meeting #61, Porto, Portugal, 3 - 6 September, 2013.
[2] R1-134966, Evaluation assumptions for RIBS, Huawei, HiSilicon, CATR, CATT, CMCC
[3] 3GPP TR 36.922, “TDD Home eNode B (HeNB) Radio Frequency Requirements Analysis”

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
	[-175, +175] Hz, uniform distribution, random selection.

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

	Bandwidth of CRS 
	The same as system bandwidth.

	CRS Port(s)
	Port 0 and Port 1

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

	SINR
	From -20 dB to -9 dB
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