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1   Introduction
In RAN3#90 meeting, the existing requirements of network synchronization and evaluation criteria of possible solutions have been discussed and agreed. Currently four solutions are captured in TR 36.898 [1]. 
With regards to the completion of study, the group should evaluate the solutions according to the criteria and identify the feasible & beneficial ones. Further analysis of solution 1 is provided in this contribution.

2   Discussion
There are totally four candidate network based solutions for LTE network synchronization in TR 36.898 as follows.
· Solution 1: Network based solution using detection of UE transmission

· Solution 2: OTA Synchronisation with Propagation Delay Compensation

· Solution 3: OTA Synchronisation with Propagation Delay Compensation Based on Timing Advance

· Solution 4: Propagation Delay Compensation for RIBS Based on Location Information Exchange

The agreed evaluation criteria are:
· Accuracy: Is the solution designed able to fulfil the existing requirements as described in this SI? 

· Added Value: Is the solution designed able to address the problem of synchronization in scenarios where other solutions do not work?
· Availability: Can the solution work in a stand-alone way, i.e. without the need of other phase synchronization functions?

· Triggering of synchronisation updates: Can the solution provide network synchronization update when there is a need for it?

· Synchronisation signal robustness: Is the synchronisation signal adopted robust enough, e.g. subject to reduced interference?

· Impacts on network: Are interfaces going to be modified and how. Is network capacity going to be impacted and how?
· Impacts on eNB: Is the eNB’s complexity going to be impacted and how? 
· Feasibility: Is the solution and the assumptions on which the solution is based, technically feasible and can be easily standardized?

Solution 1 will be evaluated on the basis of the above criteria.

2.1 Evaluation and proposed TP
---Start Text Proposal---

5.4
Evaluation of solutions

· Solution 1: Network based solution using detection of UE transmission
· Accuracy: 

In Solution 1 the frequency synchronization mechanism, i.e., Synchronous Ethernet, should be deployed and used to keep the phase drift within a certain range. Referring to ITU-T G.8262, the maximum time interval error (MTIE) requirement is defined, i.e., with considerations of temperature effects the maximum phase wander is 150ns/1000s. Consequently, to meet the accuracy of 2(s as an example, the network should adjust the time difference of the two cells per 3.7h. On the other hand, the drift in the deployed networks is often lower and allows for a longer measurement period.

During UE transmission and detection, the accuracy within eNB is the multiple times of Ts and the time offset is based on accumulation of errors. It is known that Ts is the basic time unit in LTE, which is equal to 32.55ns (see TS 35.211). The TA value is sent from eNB to UE to keep accuracy for transmission and to avoid network overload. However in this solution, we are not relying on the TA command sent to the UE, but rather the receiving time at the eNB.
There is some doubt on what the absolute time stamping supposes to be when eNB is detecting PRACH from UE. Some company proposed to check the exact value with RAN4. However, by adopting a statistical way, there is no issue on reaching the accuracy.

· Added value:
This solution can be used when other methods are not applicable, e.g. when RIBS is not used, when GPS cannot be used or when the cost for deploying IEEE1588v2 is not motivated. It requires a commonly developed frequency synchronization mechanism, which is much less costly than IEEE 1588v2.
· Availability: 
The solution requires mobility events in order to achieve synchronisation, thus in an initial stage the network only can be in sync once there is incoming mobility.
· Triggering: 

Solution 1 can be triggered when necessary, i.e. every 3-4 hours or longer, under the condition that there are enough triggering events, i.e., mobility. In the extreme case that if no HO, the time offset may not be urgent to be adjusted for FDD scenarios as only very low traffic exists.

· Synchronisation signal robustness: 
Solution 1 relies on normal RACH transmission in the overlapped mobility area, thus no issue is foreseen regarding the robustness of the signal.

· Impacts on network: 
Solution 1 requires introducing one new IE in the context release message. Some additional RACH transmissions in the source cell prior to handover are needed, which could be selected to be performed by implementation when necessary due to the statistical approach and thus have few impacts on system capacity.
· Impacts on eNB:
The solution requires that the eNB stores the reception time of the RACH. And the source eNB should be able to listen to RACH signalling in the target cell, which is feasible depending on the implementation.
· Feasibility:

Solution 1 is able to provide a cost effective way to adjust the time difference between eNBs by reusing the mobility in the overlapped area, where other mechanisms are not deployed, e.g., GPS for indoor scenario, or high cost IEEE 1588v2. The solution will be feasible when needs to sync the network by detecting the existing RACH signals, exchanging the time between eNBs with one new IE, and adjusting by a statistical way, which is based on data filtering. No further standards impact is foreseen. 
Regarding the concerns on how the source eNB allocates the resource for RACH detection, it is clear that eNBs can always receive the preamble by detecting PRACH, thus there is no additional work for eNB. And for conflict of RACH detection, as known RACH is contention-based and the probability of detection error is defined. Therefore eNB is able to manage the conflict and no issue is seen.

As a summary, Solution 1 is targeting to utilize the mobility of UEs and require source eNB to detect RACH which is sent to target eNB from UE. It has dependency with deployed frequency synchronization mechanism, i.e., Synchronous Ethernet, to keep the time drifting within the range defined in ITU-T. After eNB get the time information and transfer by context release message, the target will be able to do proper handling of the values by a statistical approach, e.g., averaging, and adjust accordingly. For the initial synchronization, the network only can be synched if there is incoming mobility. 
--- End of the Text Proposal---

3   Conclusion
The potential solutions have been evaluated above according to the criteria listed in TR 36.898. They can be applied in different cases, either by statistical approach, or based on RIBS by taking propagation delay into account. Therefore we would suggest to explicitly describe in the TR as above. 
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