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1   Introduction
A number of evaluation criteria were established during the course of RAN3-89bis to allow for evaluation of network based synchronisation solutions. 
In this contribution only the confirmed evaluation criteria 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. 

· 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. 
However, it is expected that the evaluation would be completed once the remaining criteria currently FFS are confirmed.

Proposal1: it is proposed to run an evaluation with respect to confirmed criteria and to extend the evaluation once the remaining FFS criteria are confirmed

Three 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 [2])
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 [2])
Solution 3: Timing Advance based Synchronisation for small cells (see [1])

An evaluation of these solutions 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 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. As explained in the evaluation of Solution 3, 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.
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

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. 
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

Solution 2: OTA Synchronisation with Propagation Delay Compensation
The solution is based on achieving synchronisation of neighbouring base stations by means of a two-ways detection of reference signals transmitted over the air (OTA) and detected via a DL receiver. 
An eNB powering up can detect reference signals of neighbouring cells and “lock” onto such signals. After this the eNB may start transmission of own reference signals. Reference signals transmitted by the synchronisation source are received by synchronisation target and time-stamped at transmission and reception. The same is done for reference signals transmitted by synchronisation target and received at synchronisation source. By exchange of time-stamps the solution allows for clock offset corrections between source and target, including compensation of propagation delays.
Evaluation

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

Solution 2 is based on the same principle on which RIBS is based, namely achieving local synchronisation by means of locking on strong enough reference signals of neighbouring cells. Therefore, under the assumption that strong enough synchronisation signals are available an accuracy at least equal to what RIBS can achieve is foreseen, i.e. at least 2.5µs, as captured in TR36.898.
Solution 2 has the advantage with respect to RIBS to be able to compensate for the full propagation delay between synchronisation source and synchronisation target. In a typical case of inter eNB distance of 300m, compensation of propagation delays improves accuracy of at least 1µs. 

Outcome: Under the assumption that a strong enough synchronisation signal is available, Solution 2 can fulfil existing synchronisation requirements
Availability: Can the solution work in a stand-alone way, i.e. without the need of other phase synchronization functions

Solution 2 is designed to work in a stand-alone way.

Outcome: Solution 2 can work in a stand alone way.

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

Solution 2 adopts Reference Signals for synchronisation. RS signals are designed to be robust as they need to be detected by UEs for mobility measurements, positioning, DL channel quality estimation etc. Several techniques are available to avoid RS interference (e.g. symbol shifting), which make these signals reliable. RS signals may be subject to interference from data channels.  

Outcome: Solution 2 relies on cell specific Reference Signals for synchronisation. These signals are designed to be robust but may be subject to interference.

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

Solution 2 will bring an impact on interfaces. Interfaces will have to be modified with procedures allowing exchange of timing information. 

Solution 2 has no impact on system capacity

Outcome: Solution 2 has an impact on interfaces due to the introduction of procedures for exchange of timing information. Solution 2 has no impact on system capacity.
Impacts on eNB: Is the eNB’s complexity going to be impacted and how. 
Outcome: Solution 2 has an impact on eNB complexity due to the implementation of a new solution requiring changes on the network interfaces. For FDD, Solution 2 requires support for reception of DL signals at the eNB.
Solution 3: Timing Advance based Synchronisation for small cells
Solution 3 is a UE based solution relying on estimation of propagation delays based on timing advance (TA) collected at HO events. It is therefore assumed that synchronisation is based on the availability of another solution that enables eNBs to acquire initial synchronisation and become operational as well as to keep synchronisation during operation. 
The synchronisation source S monitors TA values for UEs requesting outgoing mobility to neighbour eNBs, and/or TA values for UEs being handed over from neighbour eNBs, and in this way obtains information about the propagation delay towards its neighbour cells. The information is then provided to synchronisation target eNBs (T) by network signalling, typically upon request from the synchronisation target (T). The synchronisation target (T) already has configured information that it is an indoor eNB with negligible or small intra-cell propagation delay (e.g. 10 or 20 m cell radius)
Accuracy: Is the solution designed able to fulfil the existing requirements as described in this SI. 

Like Solution 1, Solution 3 is based on the availability of another synchronisation solution, which allows eNBs to reach a good enough level of synchronisation in order to become operational and that allows nodes to maintain synchronisation during operation. Therefore similar conclusions to those deduced for Solution 1 can be captured.
Moreover, Solution 3 is based on TA measurements in order to deduce distance between the UE and an eNB. Calculating the distance of a UE based on TA settings is subject to error. In fact, the timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16
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(see TS36.213), where one 
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 is the basic time unit in LTE, which is equal to 32.55 ns (see TS35.211). Therefore, Timing Advance settings allow to identify the distance from an eNB and a UE with a 78.12 metres accuracy. This accounts for a first propagation delay estimation error of up to 260ns.
Further, Solution 3 assumes that the synchronisation target cell is a very small cell, e.g. of 10-20m radius and for this reason the distance between the UE and the synchronisation target is neglected. Hence, solution 3’s accuracy depends on the size of the synchronisation target, namely the accuracy decreases as the target cell size increases.
Outcome: It is not possible to assess if Solution3 fulfils existing requirements because this depends on the accuracy of the synchronisation solution on which Solution3 builds upon. Fulfilment of synchronisation accuracy for Solution 3 depends on rate of handover occurrence: if handovers do not occur often enough requirements may not be fulfilled. The accuracy of solution 3 is subject to TA measurement errors and depends on the size of the synchronisation target cell.

Availability: Can the solution work in a stand-alone way, i.e. without the need of other phase synchronization functions

Similarly to Solution 1, Solution 3 relies on the availability of another synchronisation solution. The same conclusions as in Solution 1 can be derived.

Outcome: Solution 3 cannot work in a stand-alone way

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

Solution 3 does not specify the synchronisation signal used to achieve synchronisation between eNBs. Such signal depends on the “other” synchronisation solution on which Solution 3 is based. It is therefore not possible to evaluate this aspect.

Outcome: It is not possible to evaluate the robustness of the synchronisation signal of Solution 3 as this depends on the synchronisation solution on which Solution 3 is based.

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

Solution 3 will bring an impact on interfaces. Interfaces will have to be modified with procedures allowing exchange of timing information. 

Solution 3 has no impact on system capacity

Outcome: Solution 3 has an impact on interfaces due to the introduction of procedures for exchange of timing information. Solution 3 has no impact on system capacity.
Impacts on eNB: Is the eNB’s complexity going to be impacted and how. 
Outcome: Solution 3 has an impact on eNB complexity due to the implementation of a new solution requiring changes on the network interfaces

3   Conclusion 

In this paper an evaluation of the solutions currently available for Network Based Synchronisation has been carried out based on the evaluation criteria currently agreed.
It is proposed to agree to the evaluation carried out so far and to add further evaluations when other evaluation criteria descriptions will be finalised.

Proposal1: it is proposed to run an evaluation with respect to confirmed criteria and to extend the evaluation once the remaining FFS criteria are confirmed

It is proposed to capture the evaluation described in Section 2 in TR36.898 with the proposed TP in [3]
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