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1 Introduction

In RAN1 #73 meeting, it was agreed that [1] 
· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

In this contribution, the synchronization accuracy of the network listening method is evaluated and the corresponding observations are obtained accordingly. The detailed analysis of air-interface based synchronization mechanisms is given in a companion paper [2].
2 Discussion
In this contribution, a cell providing synchronization for another cell is defined as a source cell and a cell acquiring synchronization from another cell is defined as a slave cell.
As mentioned in [3], it is needed to introduce a primary synchronization source to provide the reference timing within each small cell cluster. The reference timing can be from the overlaid macro cells, a small cell or other entity. For the case where not all the cells in the cluster can acquire this reference timing directly from the primary synchronization source, multi-hop synchronization is needed. The cells in different hops can be marked with a corresponding synchronization stratum level, where the maximum stratum level is defined as the number of hops between the primary synchronization source and the last slave cell in the synchronization process. For example in figure 1, the maximum stratum level within this cluster is 3. 
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Figure 1. A typical scenario for small cell synchronization 

2.1 Analysis on synchronization accuracy target  

Time synchronization target

As specified in [4], cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. Moreover, it was agreed in [1] that the target synchronization accuracy for the purpose of the study should be <=3µs. Therefore as shown in figure 2, it is required that the synchronization error between any pair of the two small cells, including the small cells located in the overlapping areas of two clusters, should be <=3us
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Figure 2. Time synchronization error between two clusters
The synchronization error between any pair of the two small cells, for example cell A_M of cluster A and cell B_N of cluster B as shown in Figure 2, which locate in the overlapping areas will be impacted by many factors and can be denoted as follows:
( = (_prop + (_sync + (_drift + C ≤ 3 µs

where
· (_prop is the difference between two propagation delays: the propagation delay from the primary synchronization source Cell A_1 to Cell A_M of cluster A, and the propagation delay from the primary synchronization source Cell B_1 to Cell B,N of cluster B.  
· (_sync is the accumulative impact of estimated synchronization error which is a function of the number of hops between cell A_1 and cell A_M and between cell B_1 and cell B_N. 
· (_drift is the impact of timing drift resulted from frequency detection error;
· 
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 is a constant value which comprises, e.g., the initial synchronization error, the time difference between the two reference timing sources, and etc. The time difference between the two reference timing sources is potentially large but it depends on the deployments.
If the maximum supported hop number increases, the range of (_prop and (_sync will also increase. To meet the synchronization requirement, the maximum supported hop number should be limited.
Observation 1:

To meet the synchronization requirement, the maximum supported hop number should be limited.

Frequency synchronization target

It was defined in [5] that frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within the accuracy range given in Table 1 observed over a period of one subframe (1ms). 

Table 1:  Frequency error minimum requirement [5]
	
BS class

	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


2.2 Evaluation on synchronization accuracy 

Traditionally, frequency synchronization of network is achieved by non-radio interface based solutions, for example, by delivering synchronization signals in transport link. These solutions normally request certain backhaul/deployment conditions. It needs to be clarified whether non-radio interface based solutions can always be used for frequency synchronization in small cell deployments. 

Proposal:

- It needs to be clarified whether non-radio interface based solutions can always be used for frequency synchronization in small cell deployments.

When non-radio interface based solutions are used, it is assumed that accurate frequency has been provided, and frequency synchronization is assumed to meet the frequency error requirement in the evaluation of time synchronization. Otherwise, both frequency synchronization and time synchronization need to rely on network listening.

In the following, synchronization performances both with and without accurate frequency provider are evaluated.
2.2.1 Evaluation on synchronization with accurate frequency provider
In this case, network listening is only used for time synchronization. 
In figure 3, link level simulation results are provided for single hop time synchronization.

3 symbols out of 4 symbols of CRS are used for synchronization tracking. The first symbol is reserved for UL/DL transition time. In addition, 2Tx2Rx and EPA channel with very low mobility are assumed. No filtering is used on multiple synchronization instances.
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Figure 3. Time synchronization with accurate frequency provider
From this figure, it can be seen that when SINR is better than -14dB, timing estimation error is mostly (>90%) within ±0.2us. If SINR is further improved, the performance does not change much. While if the SINR is worse than -14dB, the corresponding slave cell can be out of synchronization.
Observation2: if the SINR for network listening is worse than a threshold, e.g., -14dB, the slave cell can be out of synchronization.
System level simulation was then performed to observe the SINR distribution for network listening. The agreed evaluation assumptions in [6] were used. Here scenario with 1 building per macro cell geographical area, with 1 or 2 floors per building and 4 small cells per floor is simulated. 
In this simulation, the reference timing is from the overlaid macro cell and only one small cell within each cluster is selected to acquire this reference timing. This small cell can be the one which has the maximum received power of macro cells. Then other small cells will select the cell with the smallest stratum level as its source cell to perform synchronization if the SINR between the source and slave cells is higher than some certain threshold, e.g. -14dB or -20 dB.

Figure 4 shows the SINR (of the source cell signal received at the slave cell) distribution of small cells for network listening in scenario 2b (dense).  
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Figure 4. SINR distribution for network listening for small cells in scenaro 2b (dense)
Table 3. Ratio of small cells with different stratum levels under different thresholds (%)
	Stratum level
Threshold(dB)
	
	1
	2
	3
	4
	5

	-20 
	1 floor
	25
	57.38
	17.62
	
	

	
	2 floors
	12.5
	50.6
	32.44
	4.47
	

	-14
	1 floor
	25
	50.95
	20.6
	3.45
	

	
	2 floors
	12.5
	39.29
	36.96
	9.76
	1.49


Table 3 gives the distribution of different synchronization stratum levels. It can be seen that number of hops increases as the threshold increases (from -20 dB to -14 dB), and the hop number increases as the number of floors increases.

According to observation 1, the hop number needs to be limited. One simple way to limit the hop number is to reduce the threshold. However this will degrade the source cell signal SINR observed at the slave small cells. For example, if the threshold is -20dB, the hop number can be reduced to 4 for 2 floors and 3 for 1 floor. But meanwhile about 5% or more small cells’ SINR will then be below than -14dB. Therefore the time synchronization accuracy requirement cannot be satisfied due to these small cells with poor SINR. Therefore it is necessary to improve the SINR. Some ways to improve small cells SINR are discussed in the companion paper [2].
Observation3: for the case with accurate frequency provider, in order to meet the time synchronization target, source cell signal SINR observed at the slave cell should be improved.
2.2.2 Evaluation on synchronization without accurate frequency provider
In this case, both frequency and time synchronization are detected from network listening. Frequency error estimated by small cell will result in timing drift effect. Thus the time synchronization accuracy is dependent on the detected SINR of the source cell as well as the drift effect resulting from the frequency error.

For example, if the frequency error is 0.1ppm, it will lead to 0.1us timing drift per second if no frequency synchronization is performed within this period. This will consequently impact the time synchronization performance and the time drift will increase as the measurement interval increases. The measurement interval means the interval between two adjacent slots for network listening. In the following simulation, 320ms for the measurement interval is assumed. In addition, Figure 5 gives link level simulation on the frequency error estimated by small cell for different SINR. Obviously compared to the case with accurate frequency provider, the performance largely degrades for time synchronization without accurate frequency provider. 
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Figure 4. Time synchronization without accurate frequency provider
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Figure 5. Frequency synchronization error by network listening

Comparing with the SINR distribution, it can be seen that the synchronization target cannot be met without accurate frequency provider due to low SINR observed at slave small cells. Therefore it seems also necessary to improve SINR of small cells.

Observation4: for the case without accurate frequency provider, it is necessary to improve source cell signal SINR observed at the slave small cells to meet the synchronization target.

3 Conclusion
In this contribution, the network listening synchronization method was evaluated from the aspect of synchronization accuracy. According to the analysis, some proposal and observations can be obtained:
Observation 1: to meet the synchronization requirement, the maximum supported hop number should be limited.
 Proposal: It needs to be clarified whether non-radio interface based solutions can always be used for frequency synchronization in small cell deployments.

Observation2: if the SINR for network listening is smaller than a threshold, e.g., -14dB, the slave cell can be out of synchronization.
Observation3: for the case with accurate frequency provider, in order to meet the time synchronization target, source cell signal SINR observed at the slave cell should be improved.
Observation4: for the case without accurate frequency provider, it is necessary to improve source cell signal SINR observed at the slave small cells to meet the synchronization target.
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