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Introduction

This TP is based on TR 36.898 [1].
TP to TR 36.898
<<< TP start >>>
5.3.2
Solution 2: OTA Synchronisation with Propagation Delay Compensation

The solution is based on achieving synchronisation of neighbouring base stations by means of detecting reference signals transmitted over the air (OTA) and detected via an UL receiver. The solution allows to calculate propagation delays of such reference signals from synchronisation source to synchronisation target. A general description of the solution is provided in the figure below:
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Figure 3: Description of synchronisation solution

From the figure above it can be seen that the solution introduces a first phase where a node in need to synchronise will request a neighbour node to start procedures for over the air signalling exchange.

In message 1 the node in need of synchronisation, eNB1, after detection of DL signals from a cell of eNB2, sends a request to start synchronisation procedures. In this request a specific cell identifier pointing at a cell of eNB2 with which synchronisation wants to be achieved could be included. 

In message 2, eNB2 responds with an acceptance message. In this message the following information are contained:

Timing information specifying when the OTA signal from eNB1 will be transmitted. Such timing information could specify the SFN number and SF number with respect to eNB2’s SFN structure at the beginning of which a specific signal would be sent by eNB1. It has to be noted that such over the air signal could be an already existing one.

Timing information specifying when the OTA signal from eNB2 will be transmitted. Such timing information could specify the SFN number and SF number with respect to eNB2 SFN structure for the system frame at the beginning of which a specific signal would be sent by eNB2. It has to be noted that such over the air signal could be an already existing one, for example this could be existing reference signals. It has to be also noted that eNB1 and eNB2 can detect each other’s signals, therefore they have knowledge of when SFNs start. 
This information could also be included in Message 1

Identification of eNB1’s cell from which the OTA signal will be expected

In message 3 eNB1 sends a signalling message over the air, at the signalling time specified in message 2.At the time of sending such message an internal time stamp is generated by eNB1, such timestamp is named T1. At the time of reception of the message at eNB2 a new internal timestamp will be generated by eNB2, such timestamp is named T2. 

In message 4, eNB2 generates a new signalling message over the air towards eNB1. This message is sent at the time specified in message 2. At the time this new message is sent a new internal timestamp can be generated by eNB2, which will be called T3. At the time the latter message is received by eNB1, a new internal time stamp will be generated by eNB1, which will be called T4. 

In message 5, eNB2 signals timestamps T2 and T3 to eNB1 via the X2 interface. 

In step 6 eNB1 has the four time stamps values available, T1, T2, T3 and T4. It should be reminded that eNB1 can synchronise to the reference signal of eNB2, but such synchronisation would be affected by propagation delays and multipath transmission, leading to a poor accuracy. By means of knowing the four timestamps, eNB1 can deduce the roundtrip delay between eNB1 and eNB2 by calculating 

Over the Air RTT = (T4-T1) – (T3-T2)

The propagation delay between eNB1 and eNB2 can be estimated by calculating 

Propagation Delay eNB1-eNB2 = (Over the Air RTT)/2.

Once the propagation delay between eNB1 and eNB2 is known, eNB1 can determine the offset to apply to the reference signal detected from eNB2. By applying such offset, eNB1 is able to perfectly synchronise to eNB2 and therefore achieve local synchronisation within a cluster of neighbouring cells.

The solution description above touches upon the main aspects of the function. The solution could be enhanced with other procedures such as exchanging information between nodes about their synchronisation status and stratum level. 
If the node requesting to start synchronisation realises that the propagation delay compensation process is not leading to a sufficiently good level of synchronisation with respect to the synchronisation accuracy achieved without propagation delay compensation, the node can trigger a Request to stop synchronisation procedures to the synchronisation target node. Synchronisation will therefore be achieved by means of synchronisation source RS signal detection without delay compensation. How to determine that the level of synchronisation between source and target is not sufficiently good is implementation specific and it may consist of monitoring cross cell interference at the UE or at the DL receiver.
<<< TP end >>>
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