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1 Introduction

A new SI “Study on Network Assistance for Network Synchronization in LTE” was approved in RAN68 [1]. It aims to find out network based solution to achieve synchronisation in LTE networks. And the objectives are as follows:

· 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.

It has been stated that only the solutions without UE impacts which can provide a synchronisation accuracy comparable with existing solutions and meet current requirements should be taken into account. This study will not revisit the techniques which have been studied by RAN1 in Rel-12 for the small cells enhancements study.
In this contribution, we will initiate a general discussion of the possible solutions for the purpose of network synchronization in LTE.
2 Discussion

The scope and the objective of this SI have been discussed in [2]. To provide comparable accuracy for synchronization, it needs to be taken into account for the possible network solutions that how to achieve the time difference between eNBs, how the information should be transferred, and then in which way the network could adjust the time. 
Here we would discuss further accordingly from the following aspects.
2.1 Obtain time information of the cells
The first step is that eNBs should get the necessary time information, for example, based on network event. Assume that LTE network is well synchronized at the beginning, and then there is some accumulated drift in the eNB’s clock. In order to identify the time difference, we are considering to reuse the existing signalling from UE to eNB, e.g., by sending the same RACH to two eNBs during handover procedure. The example is shown as follow.
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Figure1. Get time information by UE sending RACHs with consideration of propagation delay
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. This time info could be transferred from one eNB to the other by introducing some new IE to the existing SI/X2 message, e.g., UE CONTEXT RELEASE, and then it can be used for further adjustment.
Regarding the propagation delay, in case the cells are small, the impact of the propagation can be ignored. The time difference could be derived directly from the time info. If the distance between the two cells and the UE cannot be ignored, the compensation of the path propagation delay should be taken into account for better accuracy. Some solution to obtain propagation delay Tp as above during random access procedure could work properly in that case.
Proposal 1: The time information of eNBs could be obtained by reusing the existing procedure, e.g., handover, and then be transferred over S1/X2 interfaces by introducing new IE.

Proposal 2: Propagation delays could be obtained during the existing procedure, e.g., random access, if needed. 
2.2 Exchange time information in the network

After enabling the eNB to record the time difference as analyzed above, we can consider how to enable the adjustment of the timing of the two cells to make them synchronized. 
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.
Proposal 3: 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. 
3 Conclusion

In this contribution, we have discussed the necessary aspects of the network based solutions for LTE network time synchronization, and give the following proposal: 
Proposal 1: The time information of eNBs could be obtained by reusing the existing procedure, e.g., handover, and then be transferred over S1/X2 interfaces by introducing new IE.

Proposal 2: Propagation delays could be obtained during the existing procedure, e.g., random access, if needed. 

Proposal 3: 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. 
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