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1 Introduction

In the last meeting, the simulation assumptions for network listening were agreed in [1]. In this contribution, the evaluations to investigate the synchronization accuracy based on these assumptions are provided and the corresponding observations are obtained accordingly. The detailed analysis of air-interface based synchronization mechanisms is given in a companion paper [2].
2 Evaluation results for network listening
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 target cell.
The purposes of evaluation for network listening are to investigate the achievable synchronization accuracy if using certain design without standard impact. 
In this section, synchronization performances both with and without non-air-interface based frequency provider are evaluated. For the former case, only timing performance is evaluated with the assumed frequency error, i.e. 0.1ppm. According to the pervious simulation results shown in [3], it can be observed that frequency performance has stricter requirement on SINR than time performance. Therefore for the latter case, since the timing performance under the considerable frequency error has been evaluated, only the frequency performance by network listening is evaluated to see whether the frequency synchronization target can be met or not. 
2.1 Timing performance with non-air-interface based frequency provider
In figure 1, link level simulation results are provided for single hop time synchronization. The simulation assumptions follow the agreement in [1] and can be found in the appendix. Obviously when the SINR is worse than -13dB, the corresponding target cell will be out of synchronization.
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Figure 1. Timing performance with non-air-interface based frequency provider
Observation1: for the case where the non-air-interface based frequency provider is available, if the SINR for network listening is worse than a threshold, e.g., -13dB, the target cell will be out of synchronization.
2.2 Frequency performance by network listening
In this case, only the frequency performance by network listening is evaluated. The simulation assumption can be found in the appendix. The frequency performance on each hop for certain SINR (i.e. -10dB, -8dB, -6dB) is shown in figure 2. Since the absolute value for frequency error is quite larger than 350Hz when the SINR is lower than -10dB, the frequency performance under SINR lower than -10dB is not depicted here. 
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Figure 2. Frequency performance by network listening
Furthermore, as analyzed in [4], the frequency error between the actual BS transmitting frequency and the assigned frequency can be denoted as:
(frequency = (_sync+ D ( A
where 

· (_sync is the accumulative impact of estimated frequency synchronization error which is a function of the number of hops and the synchronization accuracy of each hop. 

· D is a constant value which includes the initial synchronization error, the frequency error of the reference frequency source. 

· A is the frequency error range and decided by the frequency error minimum requirement as defined in [5]. For example A = [-350Hz, 350Hz] for local area BS if the carrier frequency is assumed to be 3.5GHz. 
Assume the relationship between the accumulative impact of estimated frequency synchronization error (_sync, the number of hops N, and the frequency error on each hop (_hop is  (_sync = N*(_hop, and assume D=zero. According to the frequency performance as shown in figure 2, in order to meet the frequency synchronization target, the maximum hop number supported within each cluster is summarized in table 1.
Table 1. Frequency performance by network listening and maximum hop number
	SINR
	10% absolute value of estimated frequency error on each hop
	Maximum hop number supported within each cluster

	
	
	Reference timing from macro layer
	Reference timing from GPS

	-10dB
	>150Hz
	1
	2

	-8dB
	>112Hz
	2
	3

	-6dB
	>85Hz
	3
	4


Observation2: according to frequency performance by network listening, in order to meet the frequency synchronization target, the maximum hop number supported within each cluster should be restricted.
2.3 SINR experienced by small cells
System level simulation was performed to observe the SINR distribution for network listening. The agreed evaluation assumptions in [1] were used. 

· Case 1 for source cell selection
In this case only one small cell within each cluster directly acquires the reference timing from macro layer or GPS. For the former case, this small cell can be one which has the maximum received power from macro cells. For the latter one, this small cell can be randomly selected. In the following both of them will be evaluated.
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 target cells is higher than some certain threshold. Here the threshold is set to be -13dB according to the timing performance and is set to be -10dB, -8dB, and -6dB according to frequency performance. Furthermore, when the threshold according to the frequency performance is configured, the maximum hop number supported within each cluster as analyzed in table 1 should also be taken into account. For example, if the reference timing from GPS is assumed and -10 dB is used to be the threshold, to make sure the cluster only has 2 hops, those cells that cannot acquire synchronization within 2hops should choose the synchronized cell that is with the maximum received power or SINR.
Case 1-a: only one small cell within each cluster directly acquires the reference timing from macro layer.

In this case, the small cell acquires the reference timing from macro layer is the cell with the maximum received power from macro cell. Figure 3 shows the SINR (of the source cell signal received at the target cell) distribution of small cells for network listening under this case. According to the evaluation results for timing and frequency performance, theses small cell whose SINR is lower than the certain threshold can be regarded as those who are out of synchronization. 
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Figure 3. SINR distribution for network listening when case 1 for source cell selection is considered (reference timing from macro layer)
Table 2 gives the stratum level distribution as well as the ratio of small cells which are out of sync. It can be observed that when the threshold is set to be -13dB and the floor number is 2, almost 0% small cells will be out of synchronization. If the floor number is 1, there will be 2% small cells which are out of sync. That means if the non-air-interface based frequency provider is available, the time synchronization target would be mostly met. On the other side, when the network listening is used for frequency synchronization, it is observed that the ratio of small cells which are out of synchronization is considerable and can not be ignored.
Table 2 stratum level distribution and ratio of out of sync small cells when case 1 for source cell selection is considered (reference timing from macro layer) (%)

	Stratum level
Threshold
	Floor number
	1
	2
	3
	4
	5
	Maximum hop number
	Ratio of out of sync

	-13dB (according to timing performance)
	2
	12.5
	37.92
	36.25
	11.31
	2.03
	5
	Almost 0

	
	1
	25
	50.12
	21.07
	3.81
	
	4
	2

	-10dB (according to frequency performance)
	2
	12.5
	87.5
	
	
	
	2
	54

	-8dB (according to frequency performance)
	2
	12.5
	37.8
	49.7
	
	
	3
	23

	-6dB (according to frequency performance)
	2
	12.5
	29.76
	32.98
	24.76
	
	4
	16


Case 1-b: only one small cell within each cluster directly acquires the reference timing from GPS.

In this case, the small cell acquiring reference timing from GPS is randomly selected within the cluster. Figure 4 gives the SINR distribution and table 3 gives the stratum level distribution as well as the ratio of out of synchronization small cells when the reference timing is from GPS. When the threshold is -13dB, similar results as case 1-a can be observed, that is if the floor number is 1, 2% small cell will be out of synchronziation. When the threshold is configured to be the value according to frequency performance, since the reference timing is from GPS, the hop number can be larger than case 1-a where the reference timing is from macro layer. Therefore the ratio of small cells which are out of synchronization reduces. However there are still 20%/13%/14% small cells which will be out of synchronization.
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Figure 4. SINR distribution for network listening when case 1 for source cell selection is considered (reference timing from GPS)
Table 3 stratum level distribution and ratio of out of sync small cells when case 1 for source cell selection (reference timing from GPS) (%)
	Stratum level
Threshold
	Floor number
	1
	2
	3
	4
	5
	Maximum hop number
	Ratio of out of sync

	-13dB (according to timing performance)
	2
	35.71
	37.68
	12.08
	2.03
	
	4
	Almost 0

	
	1
	52.5
	20.6
	1.9
	
	
	3
	2

	-10dB (according to frequency performance)
	2
	37.26
	50.24
	
	
	
	2
	20

	-8dB (according to frequency performance)
	2
	30.48
	33.27
	23.75
	
	
	3
	13

	-6dB (according to frequency performance)
	2
	25.89
	27.86
	22.26
	11.49
	
	4
	14


According to above analysis, it can be concluded that when case 1 for source cell selection is considered, the achievable synchronization detection accuracy should be improved to meet the synchronization target especially for frequency synchronization target. 
Observation3: when only one small cell within each cluster directly acquires the reference timing from the macro cell or GPS ,a large ratio of small cells are out of synchronization if frequency synchronization is performed by network listening. Accordingly, the limiting factor of the achievable accuracy is frequency synchronization.
· Case 2 for source cell selection
In addition, case 2 for source cell selection included in [1] is also evaluated and it is assumed that all small cells within each cluster directly acquire the reference timing from macro layer. Furthermore, two different methods for selecting the reference timing are considered. 

Case 2-a: Each small cell within each cluster can directly acquire the reference timing from macro cell which can provide the best SINR
The SINR (of the source cell signal received at the target cell) distribution in this case is shown in figure 5. Obviously the SINR distribution under case 2-a is better than case 1 since these small cells will select the macro cell with the best SINR as its source cell and there is no interference from small cell layer when performing network listening.

[image: image5.png]CODF

Case2 for source cell selection:

Al small cells within each cluster directly acauire reference timing from Macro layer which can provide best SINR for each small cell

1

09

08

07

06

05

04

03

02

01

Eil Ell [l 50 60
SINR (d8)





Figure 5. SINR distribution for network listening when case 2-a for source cell selection is considered 
Figure 6 shows the distribution for different number of reference timing within each cluster. It can be observed that only in 10.48% cluster, all the small cells within this cluster will select the same macro cell as the reference timing; in about 90% cluster, the small cells within this cluster will select different macro cells as the reference timing. For example, 27.14% (or 27.62%, or 19.52%, or 10.95%, or 4.29%) cluster will use 2 (or 3, or 4, or 5, or 6) different macro cells as the reference timing. Therefore, if the overlaid macro cells (e.g., for FDD) are not synchronized, about 90% of small cell clusters will be out of synchronization.
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Figure 6. Distribution for different number of reference timing within each cluster when case 2-a for source cell selection is considered
Observation4: when all small cells within each cluster directly acquire the reference timing from the macro cell which can provide the best SINR, the ratio of small cell clusters which will select more than one macro cell to be the source cells is as larger as 90%.
Case 2-b: All small cells within each cluster will directly acquire the reference timing from the same macro cell

Figure 7 shows the SINR distribution for this case. Two options for reference timing selection are considered here. 
Option 1: all small cells within each cluster will directly acquire the reference timing from the macro cell which has the same geographical located area as this cluster.
Option 2: all small cells within each cluster will select the same macro cell with the best SINR to this cluster as the reference timing.
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Figure 7. SINR distribution for network listening when case 2-b for source cell selection is considered

From this figure, no matter option 1 or option 2 is used, the ratio of small cells that experience SINR lower than -13dB is larger than 15%. That means even if the non-air-interface based frequency provider is available, the timing synchronization target can not be met and the ratio of small cells which will be out of synchronization is larger than 15%. Not to mention if the frequency synchronization is detected by network listening, the frequency synchronization target cannot be met.  

In addition, how to ensure all small cells within each cluster select the same reference timing should be FFS.
Observation5: when all small cells within each cluster directly acquire the reference timing from the same macro cell, the ratio of small cells will be out of synchronization is larger than 15%.

Observation6: when all small cells within each cluster directly acquire the reference timing from the same macro cell, how to ensure all small cells within each cluster select the same reference timing should be FFS.
3 Conclusion

In this contribution, the network listening synchronization was evaluated from the aspect of synchronization accuracy. According to the evaluation results, some observations can be obtained:
Observation: for the scenarios of small cell enhancements, RIBS based on existing signals and procedures cannot meet the synchronization accuracy requirements.
1. For the case where the non-air-interface based frequency provider is available, if the SINR for network listening is worse than a threshold, e.g., -13dB, the target cell will be out of synchronization.
2. According to frequency performance by network listening, in order to meet the frequency synchronization target, the maximum hop number supported within each cluster should be restricted.
3. When only one small cell within each cluster directly acquires the reference timing from the macro cell or GPS ,a large ratio of small cells are out of synchronization if frequency synchronization is performed by network listening. Accordingly, the limiting factor of the achievable accuracy is frequency synchronization.
4. When all small cells within each cluster directly acquire the reference timing from the macro cell which can provide the best SINR, the ratio of small cell clusters which will select more than one macro cell to be the source cells is as larger as 90%.
5. When all small cells within each cluster directly acquire the reference timing from the same macro cell, the ratio of small cells will be out of synchronization is larger than 15%.

6. When all small cells within each cluster directly acquire the reference timing from the same macro cell, how to ensure all small cells within each cluster select the same reference timing should be FFS.
According to these observations, in order to meet the synchronization performance requirement we propose that
· RIBS enhancements are supported to improve synchronization accuracy.
Details of the RIBS enhancements are discussed in the companion contribution [2].
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Appendix
Table A1. Evaluation assumptions for link level simulation
	Parameter 
	Value 

	Channel bandwidth 
	Baseline: 10 MHz 

	Carrier frequency 
	Macro cell as source cell: 2 GHz 

Small cell as source cell: 3.5GHz 

	Channel profile 
	EPA with low mobility, e.g. 0.01km/h 

	Total number of subframes measured 
	One subframe within one measurement interval. 

Measurement interval is 10s. 

	Time drift 
	Frequency synchronization error multiplied by the measurement interval. 

With accurate frequency provider: the frequency synchronization error is assumed to be +0.1ppm.

With inaccurate frequency provider: the frequency synchronization error is the estimated error if frequency synchronization is obtained via air interface. 

	Network listening RS design 
	CRS for synchronization maintenance. 

Number of antenna ports for CRS: 2 


Table A2. Evaluation assumptions for system level simulation

	Parameter 
	Value 

	Scenario 
	Scenario #2b (dense) as defined in [6] with 2 floors 

	Channel model between Macro cell and small cell 
	Refer to channel model between Macro cell and indoor UEs; 

Some modification is needed on the receiver side, i.e, 

‘antenna height’: replace 1.5m with 6m; 

 ‘antenna gain + connector loss’: replace 0dBi with 5dBi

‘Noise Figure’: replace 9dB with 7dB 

	Channel model between small cell and small cell 
	Refer to channel model between small cell and indoor UEs; 

Some modification is needed on the receiver side, i.e, 

‘antenna height’: replace 1.5m with 6m; 

 ‘antenna gain + connector loss’: replace 0dBi with 5dBi

‘Noise Figure’: replace 9dB with 7dB 

	Source cell selection
	Each small cell selects a cell with acceptable received signal quality and small synchronization stratum as its source cell; 

Case 1: Only one small cell within each cluster directly acquires the reference timing from Macro layer or GPS. This small cell can be the one which has the maximum received power of macro cells, or can be randomly selected. 

Case 2: No limitation of the number of small cells to directly acquire the reference timing from Macro cell layer or GPS. 













































































