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Discussion and Decision
1. Introduction
Based on the outcome of RAN1 #74bis, further link and system-level evaluations shall be carried out to assess the need for enhancements on radio-interface based synchronization, namely network listening mode. The agreed evaluation assumptions have been presented in R1-134966. 
In this contribution, we present our link and system-level simulation results based on the agreed evaluation assumptions, and according to the simulation results we state our proposals regarding this study.
2. Link-Level Evaluations  
As stated in [2], the time synchronization accuracy depends on the detected SINR to the source cell as well as the drift effect resulting from the estimation of frequency synchronization. In Figure-1 and Figure-2, both frequency and time tracking performance from link-level evaluations are shown.  
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Figure-1: Frequency Tracking Performance 
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Figure-2: Time Tracking Performance


As it can be seen from Figure-1, with SNR= -10dB, the estimated frequency offset is mostly (>90%) within ±100 Hz, and with high probability within ±200 Hz, corresponding to ±0.1 ppm frequency error at 2 GHz. In other words, 0.1 ppm frequency error represents a worst case bound at -10 dB SNR. In Figure-2, the time tracking performance is shown with measurement interval of 1 ms for every 10 second. In addition, EPA channel with very low mobility is assumed, and no averaging is used between multiple measurement instances. Timing offset estimate is presented in Figure-2 immediately after measurement, i.e., impact from time drift during 10 s interval is not included. As it can be seen that, with SNR=-10dB, the estimated time offset is mostly (>90%) within ±0.1μs and below ±0.4μs with high probability. If the SNR is further improved to 0dB, the performance does not change much. And for the worst case in our evaluation with SNR=-20dB, the estimated time offset is mostly (>90%) within ±1.1μs. 
Time drift during the measurement interval has a significant contribution to the overall synchronization error. At the end of measurement interval, time drift will cause up to ±1μs synchronization error for 10s measurement interval and up to ±0.5μs synchronization error for 5s measurement interval when 0.1 ppm frequency error is assumed. Time synchronization error for single hop at -10 dB SNR remains below ±1.4μs and ±0.9μs at high probability for 10s and 5s measurement intervals, respectively. It can be noted that 10s and 5s measurement intervals correspond to extremely low resource overhead.  

3. System-Level Evaluations
As stated in R1-134966, the system-level evaluation should focus on the small cell Scenario #2b with dense small cell deployment. In our evaluation, we focused on the 2-floor dual-strip type of Scenario #2b with dense deployment of 8 small cells as that can be seen to represent a worst case scenario. Each indoor small cell selects a cell with acceptable received signal quality and small synchronization stratum as its synchronization source cell. There are two cases defined in R1-134966 for the source cell selection:
· 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.

Corresponding to Case 2, the Geometry-factor distribution of overlaid Macro-to-Small cell eNB link was extracted from the system-level simulator and is shown in Figure-3.
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Figure-3: G-factor of Macro-to-Small Cell Link


As it can be seen from Figure-3, the lowest G-factor value of overlaid Macro-to-Small Cell eNB link is larger than -10 dB. Based on the G-factor distribution and link level simulations presented in previous section, the time synchronization error between two small cells remains clearly below 3 μs even for 10s measurement interval. In other words, all the indoor small cells can be successfully synchronized with the overlaid Macro eNB. Hence for the source cell selection Case 2, with no limitation on the number of small cells that directly acquire the reference timing from Macro cell layer, 100 % of the small cells can synchronize with the overlaid Macro cell.
Observation: For the source cell selection Case 2, with no limitation on the number of small cells that directly acquire the reference timing from Macro cell layer, all the indoor small cells can synchronize with the overlaid Macro cell. 

We see that Case 2 is a practical and efficient way for radio-interface based synchronization. For the sake of completeness, we present system level simulation results also for Case1 in Appendix A. 
Based on the above link and system-level evaluations, we can conclude that the existing radio-interface based synchronization mechanism (defined in TR 36.922 [1]) is working decently even in the indoor small cell scenario with dense deployment. There is no need for any further enhancement regarding the radio-interface based synchronization.
Conclusion: The existing radio-interface based synchronization mechanism is works decently also in the dens small cell scenario. There is no need for any further enhancement to the radio-interface based synchronization. 

4. Summary
Based on the discussion in above, we observe:

Observation: For the source cell selection Case 2, with no limitation on the number of small cells that directly acquire the reference timing from Macro cell layer, all the indoor small cells can synchronize with the overlaid Macro cell. 

And according to our observation, we have the following conclusion:
Conclusion: The existing radio-interface based synchronization mechanism is works decently also in the dens small cell scenario. There is no need for any further enhancement to the radio-interface based synchronization. 
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6. Appendix 
Appendix A: System-level evaluations for Case 1

With Case 1 type of source cell selection, we evaluated a following source cell selection case:

· One small cell from each stripe building is selected as source cell, where we considered each strip building as one cluster. So in total, there are 2 small cells used as source cell.

Practically, it might be a sub-optimal solution to use the small cell which has the maximum received power of macro cells as source cell, as all small cells can receive a macro cell signal at sufficient SNR. In our evaluation, the small cell to act as source cell was carefully selected so that the selected source small cell could maximize the number of synchronized small cells within the cluster. 

In the system-level evaluations, synchronization threshold SNR of -10 dB was assumed. Based on the synchronization threshold and small cell-to-small cell link SNR statistics, distribution of different synchronization stratum levels was extracted from the system-level simulations. In Table-1, the ratio of small cells with different stratum level is shown with the said synchronization threshold of -10dB. When evaluating the synchronization error accumulation over multiple hops, it was assumed that small cells with different stratum level will synchronize in consecutive radio frames.  

Table-1: Ratio of Small Cells with difference Stratum Level

	
	Stratum Level (Synchronized)
	Un-synchronized

	
	1
	2
	3
	4
	

	Small cell ratio
	Case 1
	25%
	60%
	12%
	3%
	0%

	
	Case 2
	100%
	NAN
	NAN
	NAN
	0%


As shown in Table-1 of Case 1 evaluation, with one source small cell per strip, the maximum number of hops is limited to 4 and all the small cells can eventually be synchronized. Even if assuming 0.1 ppm frequency error and -10 dB SNR at each hop, the time synchronization error remains at high probability (>99%) below -3μs between any small cells within cell cluster even at the end of measurement interval.    

Appendix B: Key simulation assumptions and parameters

System-Level Parameters
	Parameter
	Setup or Values

	Layout
	7-site of total 21 macro cells, where one macro cell deployed with small cells

	Scenario
	Rel-12 small cell #2b (indoor small cell), dual-strip type

	Carrier frequency
	Macro (f1) at 2 GHz, small cell (f2) at 3.5 GHz

	Deployment
	Dense deployment of 8 small cells

	Deployment ratio
	20%

	Number of apartments per row
	5

	Maximum number of floors
	2

	Number of Runs
	1000 runs

	Simulation Time
	1 ms

	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 


Link-Level Parameters

	Parameter
	Setup or Values

	Channel bandwidth 
	Baseline: 10 MHz 

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

	Total number of subframes measured 
	One subframe within one measurement interval, more subframes are not precluded. 

The baseline for measurement interval is 10s. Other values are not precluded. 

	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. 
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