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1 Introduction 
The present discussion paper looks at potential benefits of specifying the exchange of synchronization information over the X2 interface, in light of the tight synchronization requirements brought on by heterogeneous network deployments.
2 Background
With the increasing importance of interference coordination for the sake of heterogeneous deployments, it can be seen that acquisition of synchronization information becomes more and more important in distributed topologies, like for example eNBs connected by a X2 interface.
Of course, it is possible to consider the adoption of perfectly synchronized networks, with fully aligned SFN timing throughout the network; however, it is more realistic to consider also deployments like:

· Phase locked network where the SFN timing in every cell is phase aligned;
· Phase locked network where SFN timing between any 2 cells, at least in the concerned area, differs by a known offset;
· Unsynchronised network where the SFN timing in every cell in the network is unknown (while the SFN timing in each cell may have considerable phase drift as the respective eNB-s are only frequency synchronised);
More over, even for synchronized networks, there may be practical limitations as there is a phase error even in case of synchronised and phase locked networks (even if known error).
It should be of course noted that already with the introduction of positioning methods like OTDOA in Release 9 synchronization aspects are very relevant to consider.
3 Discussion

3.1 Potential information to be exchanged
Synchronization information could be exchanged over the X2 interface via the X2 Setup procedure (or potentially via a new procedure) at the establishment of the interface or shortly after.
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Fig.1: Exchange of Sync Information via X2
In case the two eNBs do not have a X2 interface, it would be possible to use the S1 Configuration Transfer, provided it still makes sense for that pair of eNBs to acquire such information. Needed updates could be transferred via the eNB Configuration Transfer for the eNBs connected via X2.

Information that could be potentially signaled per cell is:

· Synchronisation type: frequency synchronisation, phase synchronisation
;

· Time base: Global Navigation Satellite System Time (e.g. GPS time), International Atomic Time (TAI), etc;

· System Frame Number (SFN) initialisation time;

· Phase offset, i.e. difference between the SFN of the cell and the eNB Frame Number of the controlling eNB (where the phase offset is 0 in all cells in case of the synchronised network with aligned SFN timing);

· Phase accuracy, as e.g. defined for a LTE TDD base station in [1]or better;

· Phase drift indication to identify reliability of the provided phase information;

· Frequency error.

As the periodicity of requests/information updates could be dependent on the expected drift rate, it could be also possible to define a new X2 procedure to decouple the update of this information from the update of other more static cell information, in case it is considered that the updates could occur quite often. Large drift rates may be for example associated to specific areas, like dense urban with many buildings and indoor deployment. 
3.2 Benefits
Knowing the synchronization information of a neighboring eNB can prove very useful for the purpose of:

· ICIC (inter-cell interference coordination).

· UE Positioning (configuration of UE measurements, etc.);

In particular, when focusing on heterogeneous deployments, the following advantages may be noted:
· reliability; 

· off-load the air interface (regardless if this may be not needed to be signaled very often; the air is overloaded already as a rule);

· cheaper/smaller eNBs may suffer more from the clock drift;

· indoor placement of low-power nodes (possibly no access to GPS in many cases);

· dense deployments -> smaller distances -> x2 becomes more feasible;

· the eNB informs the UEs about the measurement pattern, so it can better assist the UE in measuring neighbor cells, i.e. measurement patterns may be designed accounting e.g. for the clock drift information, which is important for the UE since the UE will be doing interference cancellation.
4 Conclusion and Proposal
From the above discussion, it can be seen that there appear to be clear benefits in exchanging synchronization information between eNBs.

RAN3 is kindly asked to discuss and agree to the introduction of the necessary signaling support for exchanging sync info over X2.
5 References

[1] TS 36.104.


























































































� If a eNB\cell is phase synchronized, it is also considered to fulfill the frequency synchronization requirements.
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