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1   Introduction
At RAN3#89 discussions on possible solutions for the study on Network Assistance for Network Synchronisation SI were started. A solution was presented in R3-151390, following the principle of reusing existing UE signalling over the air to achieve synchronisation between neighbouring nodes. 
This paper takes as an example the solution described in R3-151390 and tries to derive guidelines on how to design new solutions fulfilling the objectives of the study.

2   Solution Analysis
The solution described in R3-151390, taken as an example for analysis in this paper, is based on handover events. This solution consists of enabling the source and target eNBs involved in a handover to detect RACH access signalling from the UE. Upon detection of the RACH access signal both source and target eNBs would timestamp the instant when such signal was deemed to be received. Exchange of reception time-stamps between eNBs would allow the source and target to evaluate their clock offset and eventually to apply the appropriate adjustments in order to improve phase synchronization.

2.1   Solution Availability
The first observation regarding the approach in this solution would be that eNBs need to be provisioned with an alternative phase synchronisation solution that allows them to synchronise and start operating. Indeed, an eNB would not be able to become operational if phase synchronization with the surrounding network is not achieved. Lack of synchronization would breach current requirements and incur in considerable performance degradation.
For this reason, it appears that eNBs would need to rely on an alternative phase synchronisation solution that would put them in a position to operate and perform handovers. However, it would appear that if an eNB was already able to use alternative means for phase synchronization then the same means can be reused in time, saving the cost of having to support another synchronization function. This would make us conclude that in order to maintain cost and complexity to the minimum an effective solution should be able to work in a stand-alone way, i.e. without the need of any alternative synchronization function.

Observation 1: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should be able to function in a stand-alone way, i.e. without the need of other phase synchronization functions 

2.2   How to trigger Synchronisation Updates

The solution presented in R3-151390 relies on the presence of UEs in need to hand over in order to trigger an update of the phase synchronisation process. 

It should be pointed out that base stations (especially pico/metro eNBs) may be provisioned with low cost oscillators, which would imply continuous drifting of the internal clock. Besides, clock drifting may be variable due to base-station-internal changes in temperature (rate of drifting changes with temperature). For this reason a solution that should ensure phase synchronization shall be able to periodically trigger a synchronization process, eventually with high frequency, if needed.
When synchronization occurrences are left to the availability of UEs in need to handover, there would be the risk of missing important updates at times when they are most needed. It may happen that for a given period of time there might be no UEs available for handover. In this case neighbour eNBs clocks may drift to the point of losing synchronization, after which the eNB may not be able to operate.
In addition, not all UEs involved in handovers would be suitable for the process of source-target synchronization. Those UEs that are moving at medium/high speed may need to be discarded from the process due to changing propagation delay conditions between the UE and the source/target eNB and due to the risk of not receiving the PRACH sequence at source eNB.

From the above it can be concluded that solutions designed within the Network Assistance for Network Synchronisation SI should be able to provide independent, periodic and event based updates of the internal eNB’s clock. It should be possible to invoke such updates whenever it is needed.
Observation 2: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should be able to trigger independent, periodic and event based updates of the internal eNB’s clock. It should be possible to invoke such updates whenever it is needed
2.3   Impact of synchronization procedures on efficient operations

Another aspect to consider is whether solutions designed for phase synchronization have an impact on the efficiency of eNB’s operations. Indeed, solutions involving over the air synchronization may come with the drawback of a loss of capacity, even if this is negligible in some cases.
The loss of capacity would be due to the need to tune the UL receiver of the eNB to detect a reference signal. This is the case of solutions like the one presented in R3-151390, where the source eNB would need to tune its UL receiver to the PRACH sequence sent by the UE during handover. During the reception period the source eNB would not be able to receive signals from other served UEs on the PRACH resources used by the UE. This would imply a loss of capacity. 
It might be acceptable to lose some capacity in favour of having a well synchronized network. However, such losses shall always be minimized. This makes us conclude the following:

Observation 3: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should minimize the loss in capacity (if any) due to over the air reception of synchronization signals
2.4   Accuracy and Synchronisation Signal
The solution proposed in R3-151390 assumes the PRACH access signal as the synchronization reference signal. Namely, the solution sets time-stamps, used for clock offset alignment, by means of determining when the PRACH access signal is received by an eNB.

In other phase synchronization solutions based on over the air signal detection, such as RIBS, the synchronization signal used is very “narrow”, in order to reduce to the minimum the time window within which signal reception and timestamping can occur. In the example of RIBS the synchronisation signal consists of CRS and PRS, which are signals transmitted within specific symbols of a resource block. This allows exact detection of such signals and under appropriate interference mitigation schemes, reduces the chances of missed detection due to interference from other signals.

When considering PRACH signals it can be seen that their length varies as per the table below (taken from TS36.211):

Table 5.7.1-1: Random access preamble parameters.
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The table highlights that a PRACH signal may last from ~0.9 ms (format 0) to ~2.28ms (format 3). Given that PRACH signals are sent starting from the beginning of a subframe, there will be a guard period between signals given by the remaining time between end of PRACH and end of subframe.

It should be reminded that current synchronization requirements for TDD ask for phase alignment within +/- 1.5 µs.
A long synchronization signal such as a PRACH sequence seems to be subject to the following drawbacks:

1) It is likely that PRACH signals are interfered due to collisions with other PRACH or other signals. This would imply re-transmission of the PRACH sequence. If this happens there could be misalignment between the timestamps at source and target eNBs, e.g. source eNB may receive the first PRACH, while the second eNB may receive the second retransmitted PRACH.

2) It is difficult to deduce when the eNB determines that the PRACH signal is received. This is due: to processing time for the reception of the PRACH sequence, which may delay the time stamping; reception delays, which may easily shift the end point of the PRACH sequence of a number of microseconds; eNB implementation, which might be free to choose any point in time during the reception of the PRACH sequence as the time when the signal was received.

From the above analysis it can be concluded that signals to be used for over the air synchronisation should be resilient to interference and possibly well defined and contained in terms of time/frequency resources.
Observation 4: For over the air synchronisation it is beneficial to use reference signals that are subject to low interference and possibly well defined and contained in terms of time/frequency resources
3   Conclusion 

In this paper the solutions proposed during RAN3-89 for the Network Assistance for Network Synchronisation SI were analysed and a number of criteria suitable for the design of solutions within the study were derived.
The Observations captured are as follows:

Observation 1: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should be able to function in a stand-alone way, i.e. without the need of other phase synchronization functions 

Observation 2: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should be able to trigger independent, periodical phase offset compensation processes with frequency adaptable to the synchronization needs of the eNB
Observation 3: Solutions for phase synchronisation proposed within the Network Assistance for Network Synchronisation SI should minimize the loss in capacity (if any) due to over the air reception of synchronization signals
Observation 4: For over the air synchronisation it is beneficial to use reference signals that are subject to low interference and possibly well defined and contained in terms of time/frequency resources
It is propose to agree to the solution design principles above and to capture the TP in R3-152172, including such criteria, to the TR 36.898.
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