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1 Introduction
At RAN plenary meeting #68, a new Study Item was agreed: Network Assistance for Network Synchronization in LTE [1]. The objectives of the study are:
· Study the possible radio network based methods to provide a low cost way for the operators to synchronize their LTE networks where the current synchronization mechanism(s) does not work.
· Avoid duplication of functionalities with respect to specified functions, in order to maintain costs and complexity to the minimum.

The bullets clearly indicate the study is to seek solutions that improve that situation so that in the result LTE operators have a solution is better than the currently available tools. It is further emphasized in the following note which states that the existing requirements are to be observed and solutions that have already been discussed in other WGs should not be re-discussed here. 
In this paper we collect information on the currently defined requirements and available tools. The aim is to define the scope of the discussion for the study.
2 Discussion

2.1 Current requirements
The general requirements for inter-eNB time synchronisation are defined in TS 36.133 (subclause 7.4) [2]. It concerns only LTE TDD and declares that cell phase synchronisation between overlapping small cells shall be no more than 3(s while between overlapping large cells it shall be no more than 10(s.
In addition to the above general requirement, certain features of LTE have defined own requirements. This concerns, in particular: eICIC, dual connectivity, CoMP and MBMS. Dual connectivity (syncronised mode) requirements for cell phase synchronization accuracy are defined in TS 36.133 (subclause 7.13) [2] and, including the propagation delya between MeNB and SeNB must not exceed 33(s. For eICIC and eCOMP there seem to be no direct requirement defined, but one may assume allowed de-synchronisation from the test parameters: for eICIC, TS 36.101 declares that the time offset between cells is 2.5(s [3].
TS 36.104 defines allowed inter-cell time alignment error for MIMO, TX diversity and CA transmission as no greater than 65ns for MIMO and TX diversity, and 130/260ns for CA. These requirements concern, however, single eNB. 
As it can be noted, the requirements for the time synchronisation in some cases are rather assumptive. Therefore, the first step of the study should be to clarify them either in the RAN3 discussion, or with help of WGs competent in defining them.
Proposal 1: In order to be able to study methods for time synchronisation detection and correction able to address existing requirements, these existing requirements shall be collected per each feature that requires synchronisation.

2.2 Existing and discussed methods

Existing methods enable two aspects: frequency synchronisation and phase synchronisation. The former enables maintaining the same clock frequency among network nodes, while the latter synchronisation of timestamps (e.g. frame start events). In order to maintain the network synchronisation at acceptable level, the clocks at each network node must be periodically synchronised with phase synch (or their synchronisation checked) and the period must be set accordingly to the frequency accuracy. 
There is a number of methods that can provide the frequency synchronisation, some of which are able to offer also phase synchronisation. The table below lists the most popular ones (the numerical information is for comparison only – in many cases actual accuracy depends on particular deployment of the method and momentary conditions):
	Sync Method 
	Freq Sync 
	Phase Sync 
	Comment 

	PDH 
	±0.05 ppm
	—
	

	SDH / Synchronous Ethernet (SyncE) 
	±0.05 ppm
	—
	SyncE must be supported on all nodes in the sync chain. 

	IEEE1588 PTP for freq only sync 
	±0.05 ppm
	—
	It does not require on-path support between Master and Slave. Performance depends on load of network. 

	IEEE1588 PTP for freq/phase sync 
	±0.05 ppm
	~250ns
	Depending on required accuracy, partial or full on path support are required. Performance depends on load of network. 

	Sattelite time reference (e.g. GPS)
	< ±0.01 ppm
	10ns
	Receiver antenna and cabling installation can be expensive in indoor installations.

	NTP (Network Timing Protocol) 
	> ±0.1 ppm
	—
	

	RIBS Radio Interface Based Synchronization (3GPP R12) 
	±0.1 ppm
	2.5(s
	LTE-FDD: Requires a second receiver to listen to sync source downlink 


Proposal 2: Based on the requirements collected for all relevant LTE features (see proposal 1), the existing synchronisation methods should be studied to verify which of them fulfils the identified requirements.
Further study should then focus on selecting solutions that are not worse than usable methods, but are easier or cheaper to implement.
3 Summary
In this paper, we have created two lists: LTE features that require time synchronisation and existing solutions that can offer it. Based on the analysis of those lists and the goals of the SID [1], two proposals are formulated:
1) In order to be able to study methods for time synchronisation detection and correction able to address existing requirements, these existing requirements shall be collected per each feature that requires synchronisation.

2) Based on the requirements collected for all relevant LTE features (see proposal 1), the existing synchronisation methods should be studied to verify which of them fulfils the identified requirements.
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