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1   Introduction
A number of evaluation criteria were established during the course of RAN3-90 to allow for evaluation of network based synchronisation solutions. 
In this contribution the confirmed evaluation criteria added in [1] have been used to compare solutions, leading to the following list:

· 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?
Four solutions have been identified as part of the evaluation, namely
Solution 1: Network based solution using detection of UE RACH transmission (see section 5.3.1 of TR36.898 in [1])
This solution has a variant where propagation delays are addressed and a variant where a statistical approach is considered

Solution 2: OTA Synchronisation with Propagation Delay Compensation (see section 5.3.2 of TR36.898 in [1])
Solution 3: Timing Advance based Synchronisation for small cells (see section 5.3.3 of TR36.898 in [1])
Solution 4: Propagation Delay Compensation for RIBS Based on Location Information Exchange (see section 5.3.4 of TR36.898 in [1])

An evaluation of Solution 1 is carried out in the following sections.

2   Solutions Evaluation
Solution 1: Network based solution using detection of UE RACH transmission

The main part of this solution, herein called Solution 1a, is based on reuse of RACH access signalling from UEs performing handover. The solution entails that both the source and target synchronisation nodes detect the RACH access, time stamp it and exchange time-stamped values in order to calculate the clock offset between synchronisation source and synchronisation target.
In one variation of this solution, herein called Solution 1b, compensation of propagation delays is enabled by triggering an extra RACH access procedure for UL synchronisation with the source eNB (which is the synchronisation source) during the HO procedure. Estimation of propagation delay from synch source occurs by estimating the distance between UE and synch source by means of Timing Advance setting derived at such RACH access. Propagation delay with the target eNB (synchronisation target) is calculated by estimating the distance between UE and synch target by means of Timing Advance setting derived after the UE has accessed the synchronisation target cell.
In another variant of this solution, herein called Solution 1c, a statistical approach is taken according to which clock offset estimations are collected for a given period of time as in solution 1a and where filtering out of values outside pre-set thresholds is performed before averaging out the values and calculating a mean clock offset.

Evaluation

Accuracy: Is the solution designed able to fulfil the existing requirements as described in this SI.

Solution 1 is able to function when the system is initialized and maintained in synchronisation (during periods of lack of handovers) by another synchronisation function.
Namely, there is the need of a different synchronisation function to place the system in synch before Solution 1 can be activated, as well as during periods where no handovers occur.

For TDD, it is therefore not possible to assess whether the solution can fulfil the existing synchronisation accuracy requirements of +/-1.5µs, because such fulfilment depends on the accuracy of the “other” solution used for synchronisation.

For FDD the requirements so far detected are those for the eICIC function, which can be reduced to a maximum clock offset of 2.5 µs between neighbouring eNBs. It is however plausible to assume that in FDD the network should also at least be synchronised within +/-1.5µs in order to achieve acceptable performance. 
In this case it is also not possible to state whether Solution 1a can fulfil FDD requirements because such fulfilment depends on the accuracy of the “other” synchronisation solution used. 

Note: if the “other” synchronisation solution is accurate enough, it should be asked why such solution is not used all the time, given that it needs anyhow to be supported by the eNB.

Solution 1a is based on HO occurrences. Therefore, the solution is able to help local synchronisation so long as handovers occur frequently enough. If handovers do not occur with the needed frequency, the solution would not be able to synchronise the network within detected requirements.

It should be noted that the statistical approach of solution 1c would not be feasible for the problem of network synchronisation because the clock offset between two eNBs is in continuous change (depending on e.g. temperature, oscillator accuracy). Therefore, a statistical approach meant to converge to a single clock offset value would not be appropriate because the clock offset will change dynamically.

It should also be noted that propagation delay calculation based on Timing Advance settings is subject to errors. Each propagation delay derived from a TA setting is subject to an error of up to 260ns. Given that Solution 1b makes use of two TA settings to derive propagation delay, this results in a propagation delay compensation error of up to 520ns.
Outcome: It is not possible to assess if Solution1 fulfils existing requirements because this depends on the accuracy of the synchronisation solution on which Solution1 builds upon. Fulfilment of synchronisation accuracy for Solution1 depends on rate of handover occurrences: if handovers do not occur often enough requirements may not be fulfilled.
Added Value: Is the solution designed able to address the problem of synchronization in scenarios where other solutions do not work?
Solution 1 is based on the availability of at least another synchronisation solution that “works”. Therefore Solution 1 is not able to work in scenarios where other solutions do not work.
Outcome: Solution 1 is based on the availability of at least another synchronisation solution that “works”. Therefore, Solution 1 does not address synchronisation 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

Solution 1 is based on the availability of other synchronisation solutions to initialise the network to a sufficient level of synchronisation and to re-synchronise the network in cases where not enough handovers occur. Therefore, Solution 1 would not be able to work in a stand-alone way.

Outcome: Solution 1 cannot work in a stand-alone way

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

Solution 1 can provide synchronisation updates when UEs triggering handovers are available. Therefore it is not possible to say that the solution can provide for updates whenever they are necessary.
Outcome: Solution 1 cannot provide synchronisation updates whenever they are needed

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

Solution 1 adopts as synchronisation signal the RACH access signal. RACH is natively contention based, namely it is a signal designed to be in “contention” with other instances of RACH accesses. For this reason RACH access is subject to interference which may cause failure in detecting the signal.
Outcome: Solution 1 is based on a contention based synchronisation signal that is natively subject to interference and for which reception of the signal may be subject to failure

Impacts on network: Are interfaces going to be modified and how. Is network capacity going to be impacted and how.

Solution 1 will bring an impact on interfaces. Interfaces will have to be modified with procedures allowing exchange of timing information. 

Solution 1 may impact system’s capacity because of the use of in band RACH signalling for synchronisation purposes. Such usage implies that during reception of RACH signals other signals cannot be received on the same time-frequency resources.

In solution 1b there might be an impact on UE behaviours and on handover performance. The first impact on UE is due to the use of UL synchronisation triggered RACH procedures for cases where no UL synchronisation is needed. The second impact on HO performance is due to the need of performing in band RACH access during the HO procedure, which will delay the overall HO completion time.
Outcome: Solution 1 has an impact on interfaces due to the introduction of procedures for exchange of timing information. System capacity may be impacted due to detection of in band RACH signals. If propagation delays are compensated the solution has an impact on HO performance and it may have an impact on UE behaviour
Impacts on eNB: Is the eNB’s complexity going to be impacted and how. 
Solution 1 needs changes to the eNB’s interfaces and internal processes. This is considered to be a reasonable level of complexity when adding a new solution to existing implementations.
Outcome: Solution 1 has an impact on eNB complexity due to the implementation of a new solution requiring changes on the network interfaces and on triggers to air interface procedures

Feasibility: Is the solution and the assumptions on which the solution is based, technically feasible and can be easily standardized?

The assumptions on which Solution 1 is based are that synchronisation updates will be possible whenever needed and to maintain the system synchronised within the current requirements. These assumptions are not feasible due to the unpredictable factors that allow triggering synchronisation updates. Solution 1 is technically feasible to implement. Solution 1 requires adequate standardisation effort to be specified.

Outcome: Solution 1 assumptions are not feasible to ensure continuous required synchronisation. Solution 1 is technically feasible. Solution 1 requires adequate standardisation effort in order to be specified.
3   Conclusion 

In this paper an evaluation of Solution 1 has been carried out based on the evaluation criteria currently agreed.
Proposal1: it is proposed to agree to the evaluation presented
It is proposed to capture the evaluation described in Section 2 in TR36.898 with the proposed TP in [2]
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