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1 Introduction

In RAN1#73, small cell synchronization was discussed, with the following agreements, 
· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline
· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)
· 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

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
 This paper discusses the radio interference synchronization of small cell synchronization.    
2 System Analysis of Radio-Interface 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 one reference cell through the radio link and derives the DL Tx time of the reference cell for synchronization with the other cell.   The requirement for DL Tx time derivation of the reference cell for radio-interface synchronization is the hearability of the DL transmission signals from the reference cell.    
   

2.1 Network Listening based and UE-assisted Synchronization 

Radio-interface synchronization was studied and specified in stage 2 requirements in [6] for UMTS/HSPA FDD and TDD systems.  A frame counter and synchronization protocol is defined in [6] for inter-cell synchronization.   Both network listening based and UE-assisted synchronization were specified as methods of radio-interface synchronization in [6]
· Network Listening based synchronization – the reception point is the target cell.  The target cell performs the measurement and derivation of the reference cell’s Tx time for the radio-interface synchronization.  The Tx time of the reference cell is obtained by subtracting the propagation delay from the receiving time.   The propagation delay could be provisioned in the network deployment or estimated by the receiving point.     
· UE-assisted synchronization – the reception point is a UE.   The UE would assist the target cell to synchronize with the reference cell through the measurement and estimation of the reference and target cells’ Tx time.    The UE needs to estimate the propagation delay from the reference and target cells or the propagation delay difference between reference and target cells.   
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.
2.2 Factors Affecting Radio-Interface Synchronization Accuracy
The estimation of the reference cell’s Tx time for radio-interface synchronization is similar to the UE measurement of RSTD for OTDOA.   The sensitivity of the timing estimation performance for OTDOA was shown in [9]. 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 the frequency drifting along the processors in 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 node 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. 
2.3 Deployment Scenarios for Inter-cell Synchronization 
Inter-cell synchronization solutions would rely on the hearability of DL Tx signals from the reference cell.  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 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 from 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 from other small cells.  Thus, muting is also required in order to improve the hearability
· 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: 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 Conclusions

In this paper, we discuss the factors affecting the achievable accuracy of radio-interface synchronization for small cells.   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 observation: 

Observation: Solutions for radio-interface synchronization would depend on the control of co-channel interference in different deployment scenarios
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