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1 Introduction

The advantages and requirements of synchronous network operation have been primarily discussed since RAN1 #54bis meeting [1-2]. For the TDD networks, accurate switching point synchronization between HeNBs and neighboring HeNBs or eNBs is crucial for the network to remain operational. Synchronization solutions for TDD HeNBs are needed in order to mitigate the inter-cell interference. Based on several previous synchronization contributions in RAN4 [3-11] and the approved LS sent to RAN2/SA5 [12], this document intends to specify the schemes to be focused on, and give our recommendations to complete this topic in TDD HeNB WI.
2 Discussion on synchronization schemes
The main purpose of the cell synchronization for E-UTRA TDD is to avoid the UL/DL interference. Usually, interference occurs when the downlink and uplink timeslots overlap by non-cooperative timeslot assignment or timeslot shifted in time due to timing error and propagation delays.
Based on the contributions so far, the following synchronization schemes could be formulated for further investigation and some agreed possible solutions are suggested to be included in the technical report of TDD HeNB WI.
2.1
Basic synchronization schemes
Three synchronization schemes are typically discussed related to the TDD HeNB synchronization, i.e., GNSS/GPS, IEEE 1588v2 and network listening based on air interface. The GNSS/GPS can provide accurate synchronization. However, GNSS/GPS signals cannot be always captured for indoor scenarios, and its application for HeNBs is restricted by the cost. IEEE 1588v2 can provide sub-microsecond level accuracy. However, a good backhaul condition is needed for this solution which may not be always available. As a result, network listening based on air interface can be considered as an alternative solution for the scenarios that GNSS/GPS and IEEE 1588v2 do not work. RAN4 has already agreed on network listening as an essential synchronization scheme for TDD HeNBs [12]. In this contribution, we would like to list the pros and cons of the three basic synchronization solutions, where none of them is precluded in the practical application of TDD HeNBs.
Table 1: Comparison of pros and cons for basic synchronization solutions
	Synchronization Solutions
	Pros
	Cons

	GNSS/GPS
	GNSS/GPS can provide the most accurate synchronization accuracy (on the order of 100ns).
	GNSS/GPS increases the receiver cost, and it does not always work in some important scenarios (e.g. the indoor scenario.)

	IEEE 1588v2
	Under good backhaul conditions (e.g. operator controlled Fibre or Ethernet), IEEE 1588 v2 provides sub-microsecond level accuracy.
	Good backhaul conditions may not be always available. Backhauls over cable and DSL modems may have significant jitter and delay variations.

	Network Listening
	Network listening can be used in the scenarios where GPS and IEEE 1588 v2 do not work.
	Synchronization accuracy is relatively lower compared to the GNSS/GPS. It must deal with the issue of network topology variety.


2.2
Network listening (NL) based on air interface
In order to perform the network listening, three kinds of synchronization signals could be used during the TDD HeNB monitoring, i.e., the primary synchronization signal (PSS), the secondary synchronization signal (SSS) or the common reference signal (CRS), and the network listening schemes should consider typical network topologies [13-14]. Since RAN4 #50bis meeting, several network listening schemes have been presented [3,7,8,9] along with some performance evaluation results [4,5,6,10,11]. The following categories could be formulated for further study:
Table 2: Comparisons for different network listening schemes

	Network Listening schemes
	Scheme 1
	Scheme 2
	Scheme 3
	

	Principle of the scheme
	
	
	
	

	Performance
(e.g. synchronization accuracy, speed, etc)
	
	
	
	

	Overhead
(e.g. OFDM symbols per [320ms])
	
	
	
	

	Number of multi-hops supported
	
	
	
	

	Compatibility and impacts on current network
	
	
	
	

	Impacts on specifications
	
	
	
	

	Others
	
	
	
	


3 Way forward on synchronization schemes
Based on the summary and comparison of different kinds of synchronization schemes above, the following way forward could be recommended:

· For the basic synchronization schemes listed in Table.1, all of the GNSS/GPS, IEEE 1588v2 and network listening can be adopted as a possible solution for Rel-9 HeNB synchronization. Detailed descriptions and comparison of these basic synchronization schemes should be included in the technical report of TDD HeNB
· For the network listening schemes based on air interface, more inputs are encouraged to be added in Table.2. Based on a clear description of the characteristic of each scheme, further clarification and cross-check may be needed for a better understanding. Finally, some agreed possible schemes for TDD HeNB network listening synchronization could be included in the technical report (TR36.922) with impersonal description as reference.
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