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1   Introduction
During the course of Release 12 a standardisation campaign was conducted to enable S1 signalling to support Radio Interface Based Synchronisation as it was presented in [2]. 
The enhancements introduced to allow neighbouring cells to mute on subframes where the synchronisation RS needs to be detected by the synchronisation target eNB were justified in RAN1 by an improved accuracy in the detection of the RS and therefore a better synchronisation of the target with the source.

Such improvements take an important role in scenarios where synchronization requirements are strict, such as TDD.
Indeed, TS36.133 specifies the following requirements:
7.4.2
Minimum requirements
For Wide Area BS, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-1. If a cell’s coverage area overlaps with another cell with different cell radius then the cell phase synchronization accuracy corresponding to the larger of the two cell sizes applies to the overlapping cells with different radii.
Table 7.4.2-1  Cell phase synchronization requirement for wide area BS (TDD)
	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	> 3 km
	( 10 (s


For Home BS, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-2.
Table 7.4.2-2  Cell phase synchronization requirement for Home BS (TDD)
	Source Cell Type
	Propagation Distance
	Requirement 

	Small cell
	( 500 m
	( 3  

	Large cell
	> 500 m
	(1.33 + Tpropagation (s


In summary, it shall be ensured that adjacent cells with radius smaller than 3Km can be synchronized with an error smaller than 3 (s.
Likewise there are functions in FDD that require a good level of synchronisation between adjacent cells, such as eICIC.

One of the main purposes of RIBS was to facilitate achievement of such requirements. However, an immediate issue may be identified when analysing the feature: RIBS does not allow for compensation of propagation delays between synchronisation source and synchronisation target.

The latter leads to the identification of a problem that should be addressed:
Observation 1: Lack of compensation of propagation delays leads to a problem affecting over the air synchronisation and making it difficult to meet existing synchronisation requirements
2   Problem description

As it was described in [1], time accuracy for over the air synchronisation depends on the signal strength with which the synchronisation source signal is received.  Figure 2 shows simulation results presented in [1] describing how the time accuracy changes with the source synchronisation signal SINR.
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Figure 2: Time synchronisation error vs SINR of source synchronisation signal

As it can be seen, when the SINR approaches -15 dB a synchronisation error higher than 1(s is likely to affect synchronisation between source and target. When the SINR of the synchronisation source approaches -20dB, the synchronisation error is even higher, with high likelyhood of 2(s errors.
This implies that even if muting patterns activation via RIBS allowed the SINR of the synchronisation source cell to be at about -15dB to -20dB, the intersite distance between transmission and reception points would have to be within well defined limits. 
In the example above, if a synchronisation error of 1(s  is assumed due to over the air synchronisation inaccuracy, the remaining delay margin to meet TDD requirements would equal 2(s and if a synchronisation error of 2(s is assumed, the remaining delay margin to meet TDD requirements would equal 1(s. 
In the latter case, where the source synchronisation signal is received at ~-20dB and where a synchronisation delay of 2(s is already present as per Figure 2, a delay margin of 1(s would translate in a maximum inter-site distance of 300m for both single and multi-hop synchronisation.

Indeed, the propagation delay for an inter-site distance of 300m is:
Inter-site distance/Speed of light = 300/~300000000 == 1(s

Figure 3 shows the propagation delay dependency on inter site distance placing evidence on the multi hop scenarios.
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Figure 3: Propagation delay and inter-site distance

As it can be seen from Figure 3 the effects of propagation delays on synchronisation accuracy accumulate with the number of hops. Let’s assume that the following inter site distances apply to Figure 3:
· eNB1 to eNB2 distance = 500 metres

· eNB2 to eNB3 distance = 200 metres

· eNB3 to eNB4 distance = 200 metres

If no propagation delay compensation is enabled synchronisation accuracy will be affected by the cumulative propagation delay, which grows with the number of hops. 
Namely, eNB4 will experience a synchronisation error due to propagation delays calculated as follows:

eNB4 synchronisation error due to propagation delays ==
== [(eNB1 to eNB2 distance) + (eNB2 to eNB3 distance)+ (eNB3 to eNB4 distance)]/Speed of light ==
== (500+200+200)/300000000 == ~3(s

The above figure of 3(s synchronisation error would be sufficient to breach the TDD synchronisation requirements 
Observation 2: the synchronisation error due to propagation delays is the sum of delays accrued over each synchronisation hop and can easily accumulate to an error higher than 3(s
Observation 2 is very important especially if it is noted that propagation delays represent only one of the sources of synchronisation errors. The other source of synchronisation error for the RIBS solution is given by the received SINR of the source synchronisation signal, as shown in Figure2. 
As explained above, the synchronisation error that is likely to be encountered over one hop due to reference signal SINR is of the order of 1 to 2(s. 
Adding a SINR synchroniation error of e.g. 2(s to a propagation delay error of 3(s would lead to synchronisation errors well above the TDD requirements.
Therefore, even if currently standardised RIBS would enable to reduce interference to the synchronisation RS and allow the target to receive the synchronisation source signal with a higher SINR, such effort would be wasted if the propagation delay adds a considerable synchronisation error. This makes us conclude that propagation delays need to be reduced as much as possible.
Proposal 1: It is proposed to address the scenario and problem of propagation delay compensation for over the air synchronisation 
3   Conclusion 
In this paper an analysis of the Release 12 RIBS procedures was made. It was pointed out that, despite RIBS enables a reduction of interference levels to allow a synchronization target node to better detect synchronization source RSs, the lack of mechanisms to compensate for synchronization RS propagation delays poses a serious threat to the level of accuracy that can be achieved via OTA synchronization.
It is suggested to agree to the following proposal:

Proposal 1: It is proposed to address the scenario and problem of propagation delay compensation for over the air synchronisation 
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