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1   Introduction
During RAN3#89bis, the Network Assistance for Network Synchronization has been further discussed. Three network based solutions were proposed in [1][2][3], and two of them have been captured in TR 36.898. In this contribution we will analyse and evaluate the possible solutions for Network Assisted Synchronization.
2   Discussion

The following solutions for the network assisted synchronization have been proposed: 

· Solution 1: Network based solution using detection of UE transmission, during HO, as in [1]. The main idea of Solution 1 is illustrated in Figure 1.
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Figure 1: Network based solution using detection of UE transmission

· Solution 2: OTA Synchronisation with Propagation Delay Compensation, as in [2]. The main idea of Solution 2 is illustrated in Figure 2.
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Figure 2: OTA Synchronisation with Propagation Delay Compensation
·  Solution 3: UE based solution based on timing advance for propagation delay estimation, as mentioned in [3]. 
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Figure 3: UE based solution based on timing advance for propagation delay estimation
Note that there is still no detailed text proposal agreed for this solution, therefore the analysis may need to be revised accordingly.
Most of the evaluation criteria have been discussed and some of them are still FFS. To make a proper start of evaluation, we would analyze first based on these criteria as described in [5]. 
· Accuracy: Is the solution designed able to fulfil the existing requirements as described in this SI. 

· Added Value: Is the solution designed able to perform at least equivalent result compared with existing solutions and/or address the problem of synchronization in scenarios where other solutions are not deployed. 

· Availability: Can the solution work in a stand-alone way, i.e. without the need of other phase synchronization functions.
· 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 & Flexibility: Is the solution able to work properly to achieve network synchronization and be flexible enough to work independently and/or based on existing mechanisms. 
2.1 Solution 1: Network based solution using detection of UE transmission
This solution relies on a statistical approach where the eNB collects information from neighbours during handover events. 
· Accuracy: This will depend on the timing of eNB, the detection timing accuracy of the RACH, and the frequency synchronization accuracy. The accumulated error in the ideal case is hundreds ns, and that we further rely on statistical processing.
· Added value: This solution is able to provide a low cost way to meet the existing synchronization requirements. It provides a complementary way where the other solutions are not available.
· Availability: This solution has no dependency with any other phase synchronization mechanism. By using this solution, the network will initially operate in an unsynchronised phase, and adjust the time drift until enough measurements have been collected, and then achieve local synchronization within a cluster of neighbouring cells.
· Synchronisation signal robustness: The solution fulfils the requirement since the signal (RACH) can be detected by two eNBs when the UE is at the border between two cells.
· Impacts on network: This solution requires that the RACH receiver in the source eNB also listens to the signal for RACH in the target eNB. The actual impact on the network depends on the traffic load. Considering the change in specification, it will require one new IE to be transmitted in the context release message.
· Impacts on eNB: The source cell should listen to RACH in the target cell during handover procedures.
· Feasibility & Flexibility: In the real network, a large number of handover could occur, and by collecting enough statistics, the method can be operated and will be able to meet the synchronization requirement. Solution 1 is flexible to work individually or together with the existing mechanisms, e.g., GPS, which means in some scenarios when the existing mechanism does not work, this solution could be used as a complement.
2.2 Solution 2: OTA Synchronisation with Propagation Delay Compensation
The solution is based on achieving synchronisation of neighbouring base stations by means of detecting reference signals transmitted over the air (OTA) and detected via an UL receiver. 

· Accuracy: It will depend on the timing of eNB, the interference of the system, and the frequency synchronization accuracy. The accumulated error in the ideal case is hundreds ns, in case the sync procedure succeeds.
· Added value: The solution is able to address the synchronization problem with support of eNB with new capability. It will depend on if RIBS signalling is re-used either provides a complementary solution or enhances the existing RIBS solution by removing the impact of propagation delay.
· Availability: It is able to work without any other phase sync source. Once the sync signal is interfered, the sync procedure will fail or need to attempt again until it succeeds.

· Synchronisation signal robustness: The solution fulfils the requirement. The signal from one eNB to another eNB can be detected, since the signal is designed in this way and since there is functionality for muting interferers.
· Impacts on network: The signalling message used in DL will affect the network capacity, since the receiver will not be able to use the DL while receiving signals on the DL. The actual impacts on the network depend on the frequency of the measurements. The solution requires three new messages to initiate and report the result.
· Impacts on eNB: In FDD, this requires that the eNB is able to receive the DL carrier.
· Feasibility & Flexibility: There could be some restriction of the distance between the eNBs. If the distance between the eNBs is too large, the eNB cannot hear the signalling message from the neighbouring eNB. And in case there are obstacles between the eNBs, the signalling message may also be blocked. Thus the solution may not be feasible for some of the legacy eNB sites.
2.3 Solution 3: UE based solution based on timing advance for propagation delay estimation
This solution describes a possible UE based way based on timing advance (TA) during mobility.
· Accuracy: It will depend on the timing of eNB, the accuracy of TA, and the frequency synchronization accuracy. And it can use statistical approach for the propagation delay to reach the accuracy of hundreds ns.
· Added value: The solution enhances the existing RIBS solution by removing the impact of propagation delay.
· Availability: Solution 3 can work without any other phase sync source. In an initial phase, before any mobility is performed, the system will not be synchronised with lower accuracy, i.e., propagation delay is unknown.
· Synchronisation signal robustness: The solution fulfils the requirement. The signal from one eNB to another eNB can be detected, since the signal is designed in this way and since there is functionality for muting interferers.
· Impacts on network: Impact on network capacity is similar as Solution 2. The solution may require one new IE in the HO preparation procedure (FFS).
· Impacts on eNB: In FDD, this requires that the eNB has the capability to receive the DL carrier.
· Feasibility & Flexibility: Similar as Solution 2, there is restriction of the distance between the eNBs in this solution.
3   Evaluation of the solutions

Here we would summarize for the listed solutions (noted that Solution 3 is not yet captured in TR). And for the evaluation criteria that all of the solutions can work well will not be described. For example, all the solutions should be able to meet the existing synchronization requirement by considering the possible factors during collection of time information and adjustment of drift.
· Solution 1: Network based solution using detection of UE transmission
· Added value: This solution provides a low cost way for operators to synchronize their networks without dependency on other phase synchronization mechanisms. 
· Impacts on network: It requires that the RACH receiver in the source eNB listens to the RACH in the target. The actual impact on the network depends on the traffic load. Network interfaces will be updated, with one new IE transmitted in the context release message.
· Impact on eNB: The solution does not require the eNB to listen to DL signals from other eNBs.
· Feasibility & Flexibility: The solution can work independently to fulfil the synchronization requirements, and it is also possible to be used as a complement to the existing mechanisms.
· Solution 2: OTA Synchronisation with Propagation Delay Compensation

· Added value: This solution is a new one and should be able to work independently where there is requirement of network synchronization.
· Impact on network: Network capacity will be impacted by the signalling message used on DL carrier of one eNB. The actual impacts on the network depend on the frequency of the measurements. The solution requires three new messages to initiate and report the result.
· Impact on eNB: The solution requires that the eNB is able to receive on the DL carrier in FDD mode.

· Feasibility & Flexibility: There are some restrictions on distance between eNBs and obstacles between the eNBs may also block the signalling message.
· Solution 3: UE based solutions based on timing advance for propagation delay estimation based on RIBS
· Added value: This solution provides a low cost way for operators to enhance RIBS without dependency on other phase synchronization mechanisms. 
· Impact on network: Impact on network capacity is similar as Solution 2. The solution may require one new IE in HO preparation
· Impact on eNB: This solution requires that the eNB is able to receive the DL carrier in FDD mode.

· Feasibility & Flexibility: There is restriction on distance between eNBs and obstacles between the eNBs may also block the signalling message.
In TR 36.898, we also would propose to revise the naming of section 5.4 from “Comparison of solutions” to “Evaluation of solutions”, so that this section will focus on the evaluation of all the feasible solutions. 
Proposal: It is proposed RAN3 to evaluate the candidate solutions and update the TR accordingly in [6].

4   Conclusion
Based on the above analysis, we would propose that:
Proposal: It is proposed RAN3 to evaluate the candidate solutions and update the TR accordingly in [6].
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3. Over the Air message at SFN#1 start 
Timestamp T1
eNB2
eNB1
1. Request to start synchronisation procedures 
5. Signalling of T2 and T3 timestamps 
2. Response to start synchronisation procedures (time info for OTA signalling from eNB1, e.g. SFN#1 of eNB2, time info for OTA signalling from eNB2, e.g. SFN#2 of eNB2)   
4. Over the Air message at SFN#2 start 
6. Estimate RTT, propagation delay, time offset with eNB1
Timestamp T2
Timestamp T3
Timestamp T4



