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1 Introduction

In RAN1#74bis, the evaluation methodology for network listening synchronization was agreed in [6],which includes both link level and system level simulation assumptions.  This paper provides system analysis on radio interference based synchronization and link level simulation results of network listening synchronization for small cell enhancements.    
2 System Analysis of Radio-Interface Based Synchronization for Small Cells
The principle of radio-interface synchronization is that a reception point measures the DL transmission signals, e.g, reference signals, from a source eNB through the radio link and derives the DL Tx time of the source eNB relative to the reference time generated from its free running oscillator at the reception point.  The derived Tx time of the source eNB is used to synchronize with the Tx time of the target eNB.  
· Network Listening based synchronization -  the reception point is the target eNB and the reference time is the DL Tx time of the target eNB.  Network listening based synchronization computes the adjusted difference of Tx time between the target and source eNBs.  The adjusted time difference is the time difference of two Tx times excluding the propagation delay between two eNBs.    
.     
· UE-assisted synchronization – the reception point is a UE.   The reference time could be UE local time or derived DL Tx time of the other eNB, such as the target eNB.  The UE could measure the time difference of DL Tx time from both eNBs.   The UE would assist the target eNB to synchronize with the source eNB through the measurement and estimation of the source and target eNBs’ Tx times.    However, the propagation delays between the UE and both eNBs need to be estimated at the same time as the UEs are measuring the DL Tx time difference between eNBs in order to derive the timing offset between eNBs since UEs may be moving.      
Proposal 1: Details of the estimation algorithms and procedure assumed for Tx timing estimation and propagation delay estimation should be provided together with any evaluation results for radio-interface synchronization.
2.1 Factors Affecting Radio-Interface Synchronization Accuracy
There are several factors affecting the derivation of the reference cell’s Tx time and radio-interface synchronization, as follows:  
· Non-LOS multipath fading channel – The effect of a multipath fading channel is to skew the peak of the received signals and thus introduce error in the reference cell Tx time estimation, which is particularly problematic for any timing estimation method based on peak detection, where the non-LOS effect can create a large bias.  

· Frequency stability - The oscillator accuracy requirements for eNBs and UEs are ±0.05 ppm and  ±0.1 ppm, respectively. The frequency stability is a long term effect.  The frequency drifting at the transmitter of the reference cell and the reception point would have a compound effect on the estimation accuracy of DL transmission time and cell synchronization.     

· Frequency drifting at the Transmitter -  Tx time at each Tx antenna is set at the baseband processor by taking into account the transmission path delay and processing delay.   Additional timing error is caused by frequency drifting along the transmission path.  This additional timing error is on top of timing error caused by frequency drifting at the Tx oscillator.   
· Quantization error at the receiver -   The resolution of the DL transmission signal measurement from the reference cell is limited by the sampling interval, which is a multiple of Ts =32 ns and dependent on the system BW.   

· Tx timing estimation errors– The reception point derives the reference cell Tx time based on the estimation time of received DL transmission signals and the propagation delay, which could be provisioned in advance for stationary receiving nodes or estimated for moving receiving nodes.  Tx timing estimation error is inversely proportional to the received signal quality.   
Proposal 2:   Non-LOS multipath fading channel, frequency stability at transmitter and receiver, frequency drifting at the transmitter, receiver quantization error, and Tx timing estimation error should be included in performance evaluations for radio-interface synchronization. 
2.2 Deployment Scenarios for Inter-cell Synchronization 
Inter-cell synchronization solutions would rely on the hearability of DL Tx signals from the reference cell(s).  The hearability is subject to the co-channel interference in each deployment scenario.  In particular, high hearability of DL Tx signals from the reference cell(s) means large interference to the serving cell for communication.  
· For homogeneous network deployments - the coverage area of each cell has only a small overlap with other cells.  In order to achieve better hearability of DL signals from the reference cell, RE or subframe muting at the receiving cell is required.   Muting will result in unusable radio resources.   In order to maintain the synchronization accuracy, periodic measurements and synchronization are necessary.   
· For unplanned network deployments - some small cells might be able to hear another small cell with large overlapped coverage area in some deployment scenarios, such as small cell deployment scenario 3.    An isolated small cell could not hear other small cells.  Thus, muting is also required in order to improve the hearability to a sufficient level.
· For heterogeneous network deployments - small cells are capable of receiving DL signals from the macro cell as in Figure 1.   Small cells could synchronize with the macro cell’s DL signals, such as CRS.  
·  In the co-channel deployment scenario, such as small cell deployment scenario 1, the small cells would be interfered by their own DL transmissions when synchronizing with the macro cell through the radio link.  

·  For indoor small cells in the non-co-channel deployments, such as small cell deployment scenario 2b, DL signals from macro cell would have large wall penetration loss for small cells to synchronize.  Thus, small cell synchronization could be inaccurate.   
In summary, air interference synchronization for small cell synchronization is a very challenging task in some of the small cell deployment scenarios.  Muting would be one solution to improve the hearability for Tx timing estimation and radio interface synchronization.    
Observation 1: Solutions for radio-interface synchronization would depend on the control of co-channel interference in different deployment scenarios.     
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Figure 1: Small Cells synchronize with macro cell through radio link
3 Link Level Simulation Results of Network Listening Synchronization

Link level simulations were performed for network listening synchronization.  The simulation assumptions are based on the agreed evaluation methodology in [6].   Detailed simulation parameters are listed in Annex.   The algorithm used for network listening synchronization is a pilot-phase based timing estimation algorithm.  The propagation delay between the source eNB and target eNB is assumed to be ideally calculated without error (delay computation and calibration in advance).

Network listening simulation results are shown in Figure 2 and Figure 3.    The accumulation of multi-subframe CRS signals would improve the SNR of received signals as shown in Figure 2 and Figure 3 for EPA and ETU channel models respectively.  However, the synchronization accuracy would be limited to a certain degree due to the NLOS effect of multi-path fading channel.   Figure 2 shows network listening synchronization error performance of EPA channel model with accumulation across 1 to 12 subframes.    The synchronization error performance steadily improves as the number of accumulated received CRS signals increases due to the low NLOS factor in the EPA channel.   For the ETU channel with large NLOS effect, the timing estimation is biased and the synchronization accuracy is degraded as shown in Figure 3.   The accumulation of received signals over multiple subframes would not improve the synchronization accuracy when the SINR is high.   
Observation 2:  NLOS effect has a strong impact on network listening synchronization accuracy
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Figure 2:  Network Listening Synchronization error performance with EPA channel model
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Figure 3:  Network Listening Synchronization Performance with ETU channel model
4 Conclusions

In this paper, we discuss the factors affecting the achievable accuracy of radio-interface synchronization for small cells.  Link level simulation for the evaluation of network listening synchronization is performed.  We make the following proposals for the evaluations:
Proposal 1: The details of the estimation algorithms and procedure on assumed for Tx timing estimation and propagation delay estimation should be detailed provided in together with any evaluationthe performance results of for radio-interface synchronization.
Proposal 2:   Non-LOS multipath fading channel, frequency stability at transmitter and receiver, frequency drifting at the transmitter, receiver quantization error, and Tx timing estimation error should be included in performance evaluations for radio-interface synchronization.

We also make the following observations: 

Observation 1: Solutions for radio-interface synchronization would depend on the control of co-channel interference in different deployment scenarios.
Observation 2:  NLOS effect has strong impact on network listening synchronization accuracy.
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Annex:  Link Level Simulation Paramter
	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  and TU with mobility 0.01km/h 

	Total number of subframes measured 
	1 – 12  subframe  accumulation within one measurement and interval between measurements is 10s.. 

	Timing error caused by frequency drift
	Frequency error is +/-0.1ppm 

	Network listening RS design 
	CRS for synchronization maintenance. 

Number of antenna ports for CRS: 2 

	Performance metrics 
	Time synchronization error for single hop under different SINR; 


















