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In RAN1 #74bis meeting, evaluation assumptions for radio-interface based synchronization are agreed in [1]. In this contribution, we provide simulation results for the radio-interface based synchronization.
Discussion
We provide both link level and system level simulation results. Evaluation assumptions are listed in appendix, which follow the proposals in [1]. 
Link level simulation results
Figure 1 gives the simulation results with ideal frequency provider. With ideal frequency provider, for each hop, the performance of CRS based radio-interface synchronization degraded with SINR decrease. An obviously gap happens between -10dB and -12dB. 
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Figure 1 Time estimation error with ideal frequency provider
Figure 2 provide the simulation results of time estimation without ideal frequency provider. The frequency estimation results are also given in figure 3. We can see, with frequency estimation error, the accuracy of time frequency decreases. Purely considering the time estimation accuracy, our observation is that
Observation 1: Link level simulations show that, for each hop, the received SINR needs to be at least -8 dB to achieve certain synchronization accuracy. 
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Figure 2 Time estimation results without ideal frequency provider
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Figure 3 Frequency estimation results


System level simulation results
Simulation results of system level are given in Figure 4. Both 1 and 2 floors per building in scenario 2b with different thresholds are provided. 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 is chosen with 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. -8dB to -20 dB. In table 1, the distribution of different synchronization stratum levels with different SINR threshold are listed. With different SINR threshold, we also observe some small cells can’t acquire synchronization. The percentage of small cells which can’t achieve synchronization from their source cells is given in the last column of table 1.
From Figure 4 and table 1, we can see there is a balance between SINR threshold and distribution. If we choose a higher SINR threshold to improve synchronization accuracy, it will lead to hop number and percentage of unsynchronized small cells increasing. Considering the simulation results of both link level and system level, we notice that it is important to satisfy the link level requirements for RIBS first. According to the simulation results in link level simulation, -8dB threshold is proposed to meet the time estimation accuracy. 
Observation 2: System level simulation results show that with -8dB threshold, for 2 floor -8dB threshold case, 19.51% small cells will lose synchronization and 9.59% small cells require 5~ 6 hops to achieve synchronization. 
[image: ]
Figure 4 SINR distribution for network listening for small cells in scenaro 2b (dense)
Table 1 Ratio of small cells with different stratum levels under different thresholds (%)
	Stratum level
Threshold(dB)
	1

	2

	3

	4

	5

	6

	unsynchronized

	1floor-8dB
	25
	35.48
	21.48
	6.62
	
	
	11.42

	1floor-10dB
	25
	43.16
	21.29
	3.54
	
	
	7.01

	1floor-12dB
	25
	48.86
	19.44
	1.64
	
	
	5.06

	1floor-14dB
	25
	50.88
	18.26
	1.24
	
	
	4.62

	1floor-20dB
	25
	57.56
	16.01
	0.82
	
	
	0.61

	2floor-8dB
	12.5
	23.43
	22.13
	12.84
	6.11
	3.48
	19.51

	2floor-10dB
	12.5
	29.53
	32.68
	13.4
	4.22
	1.25
	6.42

	2floor-12dB
	12.5
	32.79
	38.72
	10.39
	2.43
	0.49
	2.68

	2floor-14dB
	12.5
	34.05
	41.35
	9.45
	2.09
	0.17
	0.39

	2floor-20dB
	12.5
	36.08
	42.77
	8.23
	0.42
	0
	0




Conclusion
In this contribution, we provide the simulation results for RIBS. Both link level and system level simulation results are given. The following two observations are 
Observation 1: Link level simulations show that, for each hop, the received SINR needs to be at least -8 dB to achieve certain synchronization accuracy. 
Observation 2: System level simulation results show that with -8dB threshold, for 2 floor -8dB threshold case, 19.51% small cells will lose synchronization and 9.59% small cells require 5~ 6 hops to achieve synchronization. 


Reference
R1-134966 Evaluation assumptions for RIBS.  Huawei, HiSilicon, CATR, CATT, CMCC 
Appendix
Table 2 link level simulation assumptions
	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
The baseline for measurement interval is 10s. 

	Time drift 
	Frequency synchronization error multiplied by the measurement interval. 
Baseline: The frequency synchronization error is assumed to be +0.1ppm.
Optional: The frequency synchronization error is the estimated error if frequency synchronization is obtained via air interface. 

	Network listening RS design 
	Baseline: CRS for synchronization maintenance. Other types of reference signal are not precluded. 
Number of antenna ports for CRS: 2 

	Performance metrics 
	Time synchronization error for single hop under different SINR; 
Frequency synchronization error for single hop under different SINR for the case that frequency synchronization is obtained via air interface. 



Table 3 system level simulation assumptions
	Parameter 
	Value 

	Scenario 
	Scenario #2b (dense) with 1 or 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’: 9dB

	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; 
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. 


	Performance metrics 
	SINR distribution; 
Synchronization stratum distribution and Maximum hop number;
The probability of the small cell cluster using more than one Macro cell to be the source cells when Case 2 of source cell selection is used. 
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