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1. Introduction
In RAN1-74b, evaluation assumptions for radio interface based synchronization for small cells was approved in [1]. In this contribution, we evaluate the performance of air interface based synchronization for small cells.  

2. Discussion
In our simulation, CRS is used as the network listening RS. The measurement interval is 10s and the frequency synchronization error is assumed to be +0.1ppm. Full buffer traffic model is used. Other simu lation assumption can refer to [1][2]. Figure 1 shows the time synchronization error of a single hop under different SINR values. It can be seen that when the SINR is -12dB, timing estimation error is mostly (about 98%) within 0.1us .

Observation 1: With the agreed simulation assumptions, a received SINR of -12 dB can achieve a synchronization accuracy within 0.1us.
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Figure 1: Timing error under different SINR values
In system level simulation, each small cell selects a cell with acceptable received signal quality and stratum number as its source cell. The following two source cell selection methods are realized in the simulation.
· Method 1: Only one small cell within each cluster directly acquires the timing from the macro cell layer. This small cell is the one which has the maximum received power of macro cells. The rest of the small cells in each cluster selects the cell with the smallest stratum level as its source cell provided the SINR from the source cell is higher than the SINR thereshold of -12dB.
· Method 2: All small cells directly acquire the timing from the macro cell layer, with each small cell selecting the best macro cell as its synchronization source. 
For the source cell selection method 1, our simuation indicates that 435 small cells out of 456 small cells (i.e. 95.4%) can acquire synchronization with their source cells. However, 21 small cells cannot find source synchronization small cells which satisfy the required received SINR of -12dB. Among the 435 small cells that can find synchronization source, 6 synchronization stratum levels are needed, as shown in Table 1 together with the percentage of small cells at each stratum level. Figure 2 shows the SINR distribution between each small cell and its source small cell with method 1.
Table 1: Ratio of small cells at different stratum levels 

	Stratum level
	1
	2
	3
	4
	5
	6

	Ratio
	12.5%
	31.8%
	32.89%
	13.82%
	4.17%
	0.22%
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Figure 2: SINR distribution between each small cell and its source small cell with method 1
Observation 2: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, 95.4% of small cells can obtain a synchronization source with SINR above -12 dB. 
Observation 3: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, 5~6 hops are needed for a -12 dB SINR rquirement as a synchornization source. 
The synchronization error between the source and the target cell includes the timing estimation error and the propagation delay difference. For multi-hops synchronization, the total synchronization error for each small cell should include the accumulated timing estimation error and the accumulated propagation delay difference within the entire synchronization path. Figure 3 shows the total synchronization error distribution for the source cell selection method 1. The accumulated timing estimation error is 0.2us multiplied by the stratum level. The propagation delay difference is calculated from the synchronization path. It can be seen from Figure 3 that for multi-hop synchronization, the total synchronization error is within 1.8 us.
Observation 4: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, the total synchronization error is within 1.8 us among the small cells that can obtain a synchronization source. 
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Figure 3: Total synchronization error for multi-hop synchronization with method 1
For the source cell selection method 2, all the small cells directly acquire the timing from the macro cell layer.  Each small cell selects its best macro cell as its synchronization source. Therefore the synchronization hop is 1 and timing estimation error is not accumulated. However, small cells in the same cluster may acquire synchronization from different macro cells. Hence, the propagation delay difference between the small cells and their respective source macro cells should be investigated. In each small cell cluster, the synchronization error mainly depends on the small cell with the maximum synchronization propagation delay and the small cell with the minimum synchronization propagation delay. Figure 4 shows the SINR distribution between each small cell and its source macro cell of the best received SINR. It is noted that SINR is better than -5dB for all small cells. Figure 5 shows the total synchronization error distribution for the source cell selection method 2. Note that 0.2us timing estimation error is assumed. The simulation result shows that the total synchronization error is within 3 us for almost all small cells.
Observation 5: With the agreed simulation assumptiuons and when all small cells directly acquire the timing from the macro cell layer, the total synchronization error is within 3 us for almost all small cells.
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Figure 4: SINR distribution between each small cell and its source macro cell with method 2
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Figure 5: Total synchronization error with method 2
3. Conclusion
In this contribution, we discuss the performance of air interface based synchronization for small cells in the Rel-12 small cell scenarios. The following observations are made based on the evaluations:

Observation 1: With the agreed simulation assumptions, a received SINR of -12 dB can achieve a synchronization accuracy within 0.1us.
Observation 2: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, 95.4% of small cells can obtain a synchronization source with SINR above -12 dB. 
Observation 3: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, 5~6 hops are needed for a -12 dB SINR rquirement as a synchornization source. 
Observation 4: With the agreed simulation assumptions and when only one small cell within each cluster directly acquires the timing from the macro cell layer, the total synchronization error is within 1.8 us among the small cells that can obtain a synchronization source. 

Observation 5: With the agreed simulation assumptiuons and when all small cells directly acquire the timing from the macro cell layer, the total synchronization error is within 3 us for almost all small cells.
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