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1   Introduction
In RAN#72, it was agreed that RAN1 and RAN4 will be involved in the study of Network Assistance for Network Synchronization. During the last two meetings, RAN1 and RAN4 replied the LS according to the questions listed from RAN3’ perspective.
This contribution intends to provide a conclusion of this study.
2   Discussion

Four candidate solutions have been captured 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
And 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?
The solutions should be evaluated based on the above criteria. In RAN3#92 the conclusion for the SI are made but there are still remaining points for other groups to further clarify. The progress is followed for the SI: 
2.1   LS to RAN1 and RAN4

In RAN#72 an LS [2] was sent to RAN1 and RAN4 for further study of the SI of Network Assistance for Network Synchronization, the actions are described as follows: 

ACTION:


Solution 1 is a network based solution reusing the existing signaling during handover.  RAN4 and RAN1 are asked to clarify the followings by liaison to RAN3 for solution 1(as described in TR36.898). 

· The timing estimation error range by receiving RACH preamble and performance requirements; (RAN4)

· Accuracy of the phase offset measurement Tdiff with/without statistical approach; (RAN4)

· Whether it is feasible to allow for loss of synchronisation in cases where mobility events are not available or initial synchronisation cannot be gained. (RAN4)
· Feasibility on standardization of the time-stamps T1 and T2 for received RACH preamble. (RAN1)
Solution 2 is based on eNBs detecting/measuring reference signals transmitted over the air by DL receivers and compensating propagation delay by calculating timestamps. RAN4 is asked to evaluate the accuracy of the propagation delay estimation for solution 2 and feedback to RAN3.
2.2   LS reply from RAN1
The LS reply from RAN1 is approved in [3] as follows: 

Overall Description

RAN1 has agreed as follows:
· UE transmitting RACH upon handover is an existing procedure in LTE;

· RAN1 does not need to specify eNB measurement to support this feature (if specified)
2.3   LS reply from RAN4
The LS reply from RAN4 is approved in [4] as follows:

In the LS, RAN4 has reached the following conclusions about the Network Assistance for Network Synchronization in LTE:
Solution 1 

· Question: The timing estimation error range by receiving RACH preamble and performance requirements;

Answer:  The performance requirements defined in section 8.4 of 36.104 apply on the timing estimation error range by receiving RACH preamble. In particular, correct detection of PRACH includes the timing estimation error being less than 1.04us for AWGN and 2.08us for ETU70 and EPA1.
Some eNB implementation can do better than the performance requirements, and in that case, the timing accuracy of solution 1 is within 1 us based on some company’s results.
· Question: Accuracy of the phase offset measurement Tdiff with/without statistical approach 
Answer: With some eNB implementation, solution 1 could maintenance network synchronization without statistical approach. Whether the statistical approach is used depends on network's implementation. Combining several measurements statistically will improve the timing accuracy. Solution 1 requires traffic to provide synchronization.
· Question: Whether it is feasible to allow for loss of synchronisation in cases where mobility events are not available or initial synchronisation cannot be gained. 

Answer: It is not feasible to allow for loss of synchronization for some features.
Solution 2:

· Question: Evaluate the accuracy of the propagation delay estimation for solution 2.
Answer: Solution2 can achieve timing accuracy within 0.5us for 3-20 MHz bandwidth based on some company’s results. The timing accuracy of solution 2 is within 1us based on some company’s results with 1.4MHz system bandwidth. These results are derived based on eNB-eNB propagation condition. Combining several measurements statistically will improve the timing accuracy.
2.4   Conclusion for the SI
The SI aimed to find synchronization solutions with low cost, low complexity, without UE impacts and with synchronization accuracy comparable with existing solutions.
Before RAN#72 there was already an evaluation for the aspects of cost, complexity impact to eNB and UE. For the impact to UE, the feasibility of the standardization of the timestamps T1 and T2, the RAN1 LS reply illustrated that there is no UE specification impact and no related work in RAN1 for Solution1; For the synchronization accuracy from the RAN4 evaluation of Solution1 and Solution2 the conclusion was given that the synchronization accuracy of Solution1 and Solution2 can meet the requirement well which is defined in section 5.1 in TR36.898 of the existing requirements for synchronization features. 

Therefore the following conclusion could be given for the four solutions: 
Solution 1 is a method using information collected from legacy UEs during handover, aiming at fulfilling LTE radio synchronisation requirements for nodes equipped with Ethernet based frequency synchronisation. The solution aims at compensating phase drift as well as over-the-air propagation delay. However the evaluation concludes in loss of synchronisation due to phase drift in periods with none or limited UE mobility, as well as loss of synchronisation in case of reset of the eNB hardware. Solution 1 relies on an initial source of synchronisation to initialise the eNB, without which the eNB would start operations in an unsynchronised way. Solution 1 is able to satisfy the ‘accuracy’ and ‘feasibility’ criteria according to the study in RAN1 and RAN4. 
Solution 2, 3 and 4 all aim at enhancing over-the-air synchronisation (RIBS) by compensating the inter-cell propagation delay. Hence all these solutions require a DL receiver in the synchronisation target eNB, while solution 2 additionally requires such DL receiver in the synchronisation source FDD eNB. According to earlier RAN1 study (TR 36.872) the TDD eNB may require additional baseband reception capability. 

According to the further evaluation in RAN4 solution 2 it is suggested that the accuracy of the propagation delay estimation could meet the requirement of the synchronization accuracy under the conditions indicated by RAN4.

Solution 3 targets a specific use-case where the synchronisation target is a small cell, under the condition that the propagation delay between a UE handing over to the synchronisation target and the synchronisation target receiver is negligible. The solution can bring benefit for this use-case under the assumption that the propagation delay compensation based on TA measurement is able to improve the accuracy of RIBS.

Solution 4 is based on transfer of O&M provisioned location information on network interfaces, and will compensate for line-of-sight propagation delay between a synchronisation source and a synchronisation target. Enhancement of Solution 4 to cover compensation of multi-hop propagation delay in deployments using physical layer repeaters may be considered but was not evaluated in the present study.

The corresponding updates of conclusion is provided in the annex.
3   Conclusion
Here the text proposal of conclusion is given for the study of Network Assistance for Network Synchronization and we would propose to close the SI.
4   Reference
[1] RP-160958, TR36.898 Network Assistance for Network Synchronization, v2.0.0
[2] RP-161262, LS on Network Assistance for Network Synchronization in LTE, RAN, Huawei, HiSilicon
[3] R1-167916, Reply LS on Network Assistance for Network Synchronization in LTE, RAN1, Huawei
[4] R4-168705, LS response on Network Assistance for Network Synchronization in LTE, RAN4
5   Annex – text proposal

TP for TR36.898
-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------

6   
Conclusions

The SI aimed to find synchronization solutions with low cost, low complexity, without UE impacts and with synchronization accuracy comparable with existing solutions.

Before RAN#72 there was already an evaluation for the aspects of cost, complexity impact to eNB and UE. For the impact to UE, the feasibility of the standardization of the timestamps T1 and T2, the RAN1 LS reply agreed that there is no UE specification impact and no related work in RAN1 for Solution1; For the synchronization accuracy from the RAN4 evaluation of Solution1 and Solution2 the conclusion was given that the synchronization accuracy of Solution1 and Solution2 can meet the requirement well which is defined in section 5.1 of the existing requirements for synchronization features. 

Therefore the following conclusion could be given for the four solutions:

Solution 1 is a method using information collected from legacy UEs during handover, aiming at fulfilling LTE radio synchronisation requirements for nodes equipped with ethernet based frequency synchronisation. The solution aims at compensating phase drift as well as over-the-air propagation delay. However the evaluation concludes in loss of synchronisation due to phase drift in periods with none or limited UE mobility, as well as loss of synchronisation in case of reset of the eNB hardware. Solution 1 relies on an initial source of synchronisation to initialise the eNB, without which the eNB would start operations in an unsynchronised way. Solution 1 is therefore considered not to satisfy the ‘availability’ and ‘triggering’ evaluation criteria for TDD networks. The solution 1 may require triggering of an extra PRACH access procedure before or during the handover procedure, which represents extra cost in terms of RRC signalling and may also delay the handover. Solution 1 could meet the synchronization requirement well which is defined in section 5.1 of the existing requirements for synchronization features both with/without statistical approach.




Solution 2, 3 and 4 all aim at enhancing over-the-air synchronisation (RIBS) by compensating the inter-cell propagation delay. Hence all these solutions require a DL receiver in the synchronisation target eNB, while solution 2 additionally requires such DL receiver in the synchronisation source FDD eNB. According to earlier RAN1 study (TR 36.872) the TDD eNB may require additional baseband reception capability. 

According to the further evaluation in RAN4 it is agreed that solution 2 could meet the synchronization requirement which is defined in section 5.1 of the existing requirements under certain conditions as indicated in RAN4’s reply LS.



Solution 3 targets a specific use-case where the synchronisation target is a small cell, under the condition that the propagation delay between a UE handing over to the synchronisation target and the synchronisation target receiver is negligible. The solution can bring benefit for this use-case under the assumption that the propagation delay compensation based on TA measurement is able to improve the accuracy of RIBS.

Solution 4 is based on transfer of O&M provisioned location information on network interfaces, and will compensate for line-of-sight propagation delay between a synchronisation source and a synchronisation target. Enhancement of Solution 4 to cover compensation of multi-hop propagation delay in deployments using physical layer repeaters may be considered but was not evaluated in the present study.

For solution 3 and 4 no further study or normative work are required by other groups.
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