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1 Introduction

A new study Network Assistance for Network Synchronization in LTE’ was approved in RAN#68 [1]. As analyzed in the discussion paper [1], we would provide a corresponding TP of the possible solutions for Network Assisted Synchronization.

2 Discussion
According to the objectives of the SI, it is required to measure the time difference between the cells, transfer the necessary time information over interface(s), and adjust the time afterwards to achieve the network synchronization.

The possible solutions have been described in [3] and the related evaluation has been give. Here we would capture the solutions into TR 36.898.
---Start Text Proposal---
5.2 Potential Solutions
5.2.1 Solution 1: Get the time difference of the cells without considering the propagation delay
In order to identify the time difference, it is considered to reuse the existing signalling from UE to eNB, e.g., by sending the same RACH to two eNBs during handover procedure. Here in the example it is supposed that the propagation delay from the UE to one eNB and to another is the same, or the distance between UE to eNB is very small that can even be ignored.

It is proposed to reuse the existing signalling, like handover, as in Figure1. The UE will exchange information between two cells during handover. The timing of the received message could be achieved by the cells after sending one message to one eNB, while the other eNB is also listening to the same message, e.g., RACHs. The timing difference Tdiff of the two eNBs can be obtained from the following Equation1:
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Where,

Tdiff  is the timing difference of  source eNB and target eNB;

T1 is the timing when target eNB receives the preamble, while T2 is the timing when source eNB detects the preamble.
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Figure1 Get time information without consideration of propagation delay
5.2.2 Solution 2: Get the time difference of the cells considering the propagation delay
Extra procedure is needed to get the propagation delay between UE and eNB by Reference Signalling or by RACH. Here in the example we use one extra RACH which is trigged by source eNB to get the propagation delay from UE to source eNB which is described as Tp2 in Figure2. The propagation delay between UE and target eNB can be got in the normal random access procedure for handover which is described as Tp1 in Figure2.
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Figure2 Get time information with consideration of the propagation delay

From Figure2 the timing difference of the two eNBs can be achieved from the following Equation2: 


[image: image4.wmf])

(

)

(

2

2

1

1

Tp

T

Tp

T

T

diff

-

-

-

=


Where,

Tdiff is the timing difference between target eNB and source eNB,

T1 is the timing when target eNB receives the preamble and Tp1 is the propagation delay between UE and target eNB, while T2 is the timing when source eNB detects the preamble and Tp2 is the propagation delay between UE and source eNB.

The timing information of eNBs could be obtained by reusing the existing procedure, e.g., handover, and then be transferred over S1/X2 interfaces, e.g. UE CONTEXT RELEASE, by introducing some new IE.
5.2.3 Exchange time information in the network
For the adjustment of the timing of the two cells to make them synchronized, there are following solutions for it:
One set of solutions assumes a distributed approach, where the slave eNB adjusts its synch to be aligned with the master eNB(s). Either the slave may simply uses the timing information collected to adjust the synch in a distributed manner, or as an extension, the eNBs can also exchange the measurements between each other, and then the slave may have more information when make decision.

Another option is that we assume a centralized approach, where is a master eNB that makes the decision how the slaves should adjust the synch. One possible way is that the master eNB collects the information and send a synch command to the slave eNBs.

Yet another option is to go for a more MDT like approach, where the eNBs report to OAM, and OAM may decide on any synch adjustments to the involved eNBs. The benefit of this approach is that OAM has a global view on the network. This would involve reporting of measurements to OAM and sending corrections from OAM.

Totally there are several approaches, i.e., the distributed way, the centralized way, or the statistical way like MDT, could be taken into account when exchange the time information for adjustment of time.
5.2.4 A statistical approach
There are some statistical approaches which can be introduced to increase the accuracy of the synchronization.
When getting the timing difference during HO from one eNB to another, we will collect the timing information of the source eNB and the target eNB at the time point when they receive the preamble. We will collect the timing information for a period which lasts e.g. one or two hours. During this time period the HO between source eNB and the target eNB will happen for several times. The timing information of all of the HOs in the period will be recorded.

After getting all of the timing information, a sliding window is used to kick out the data which is out of the threshold. The left data will be averaged to get much higher accuracy of the timing difference of the two cells before the timing adjustment. 
5.2.5 Evaluation for Network Assisted Synchronization
For evaluation of Solution1, the accuracy of eNBs UL/DL alignment, impact on network interface, impact on eNB, and the error comes from the difference of the propagation distance from UE to the two cells need to be considered.
For the evaluation of Solution2 with considering the propagation delay, accuracy of the UEs UL/DL requirement, accuracy of the eNBs UL/DL alignment, the error introduced from the UE mobility, impact on network interface, impact on eNB need to be considered. In Table1 is the conclusion of the evaluation of both solutions. 
	Evaluation Aspects
	Evaluation of Solution1
	Evaluation of Solution2

	Achievable accuracy
	Maximum ±4 Ts (130ns)

Additional error depending on the difference in distance from UE to the two eNBs, e.g. 1us/300m
	Maximum ±12 Ts (390ns)

Additional error introduced by UE mobility, e.g. assuming 50 ms between measurements at 120 km/h gives 5.6 ns.

	Impact on network interface
	A new IE over S1/X2 interface
	A new IE over S1/X2 interface

	Impact on eNB
	Additional resources in source eNB used for detecting the RACH with the preamble used in the target.
	Implementation of an extra RACH, if needed;

Additional resources in source eNB used for detecting the RACH with the preamble used in the target.


Table1: Summary for evaluation for Solution1 and Solution2

--- End of the Text Proposal---
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