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1. Introduction
There are several contributions on TDD HeNB synchronization method in RAN4. Also hot discussion occurs on interference scenario analyses for inter-eNB synchronization. 
To avoid asynchronous interference, [1] introduce a simple method to achieve HeNB synchronizing to macro layer eNB, in which there is no need HeNB install satellite receiver. In this solution, Home eNBe and macro layer eNBs utilize different special subframe configuration, macro layer configure with more OFDM symbols in DwPTS, and Home eNB with less OFDM symbols in DwPTS, so Home eNB can utilize the GP to track macro layer eNB common reference signal (CRS) in DwPTS without additionally impact on its normal transmission.
This contribution will extend to a wider view on inter-eNB synchronization solutions and discuss some related important issues such as synchronization source selection and hidden node problem. 
The following section 2 will analysis the synchronization source selection and reselection, section 3 will elaborate hidden HeNB problem. In the end, summary and conclusion in section 4. 
2. Synchronization source selection and reselection
2.1 Selecting proper synchronization source

It is mentioned [1] that new booted HeNB will perform cell search process as UE activity for synchronization purpose. For these cell search process, DL band receiving function of HeNB should be enabled. 
In cell search process, HeNB will identify its neighbouring macro eNBs who always mounted with GNSS receiver such as GPS receiver, and select one as synchronization source. Then the selected Macro cell’s PSS and SSS and other needed system information will be decoded by HeNB and HeNB will accordingly synchronized with the selected Macro eNB. And this Macro layer is naturally succeed as synchronization source in the following synchronization maintain process, until synchronization source reselection be triggered.
If only one Macro eNB was founded, HeNB does not have other choice and will easily select this unique Macro eNB as synchronization source. .

As for multiple Macro eNBs were found, some rules should be use for HeNB to determine which eNB to synchronize. One nature way is to select the Macro cell with strongest signal, or SNR, that is usual the nearest macro cell to HeNB.

The afrontmentioned only refer to HeNB synchronizing with Macro cell. If talking about the scenario where the Macro cell signal is not available, synchronization source selection may have further consideration.
In case HeNB can’t find a eNB to synchronize, HeNB can free running, and some problem on this case will be discussed latter. Another choice is to synchronize with its neighbor HeNBs, one possible rule of selection source may be HeNB will synchronize with the one who have least synchronization hops to a GNSS receiver, or namely highest synchronization level. It is suggested that not to introduce too much synchronization levels to avoid network complexity and performance degradation.
2.2 synchronization source reselection

When synchronization source reselection is triggered, HeNB will repeat the cell search process as afrontmentioned. Trigger events may include HeNB unfortunately lost synchronization, HeNB reset, and HeNB location change by User.
It is notable that severe changes occur on Macro layer signal power and SNR may also trigger synchronization source reselection. If the synchronized eNB overload is higher or eNB change the CRS power, related CRS will be interfered, the CRS hearability will be problem for the HeNB. If the CRS SNR is lower than a threshold in consecutive monitor period, HeNB should consider reselect synchronized eNB.
3. Hidden HeNB problem
As mentioned on section 2.1, there may exists free running HeNB, or even free running HeNB networks which synchronized with each other nodes while no any access to GNSS synchronization. This isolation island case is quite possible because indoor case will have relatively large wall- penetration loss, especially in the deep of a building. 

The free running HeNBs will be no harm and workable unless other neighbour HeNB is booted which located near other GNSS source/level synchronized HeNB or Macro cell. Another possible scenario of synchronizing free running HeNB may be enterprise application. All HeNB is logically belong to one enterprise, and need to be well synchronized to support handover or other enterprise requirements, while isolation island exists due to the building structure. In these cases, the hidden node problem needs to be resolved. 

Here is a hidden HeNB scenario. In figure1, we have two HeNBs, HeNB1 and HeNBx, that are synchronized with Macro eNB (which synchronized with satellite). HeNB2 is isolated from this network and runs at its own time. At this point of time we have not made any assumption whether the HeNBs are synchronized to global clock or not. When HeNB3 turn on, it will follow the cell search process and especially the synchronization source selection rule to select Macro eNB/ or higher synchronization level HeNB (e.g. HeNB1) as source, and then execute the synchronization process to get the timing from synchronization source.
To avoid asynchronous interference between HeNB2 and HeNB3, HeNB2 need to adjust its timing. HeNB may not notice this problem by itself, some scheme may need for identify server interference due to asynchronism by HeNB, or new booted HeNB should give notice to free running HeNB since it have better view on synchronization level of each surrounding neighbour eNBs. This notification may be sent via backhaul/X2/S1. And X2 could be setup by ANR (Automatic Neighbour Relation) function with neighbouring HeNB. Then the HeNB2 realized the higher level synchronization neighbour is booted, it can synchronize with HeNB3, and hidden node problem can be resolved.
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Figure 1: Synchronize the hidden free running HeNB with GNSS relevant source
4. Summary and Conclusion
In this contribution, we describe some issue related to inter-eNB synchronization methods, such as synchronization source selection and reselection, how to handle the problem of hidden HeNB, these issue should be solved to avoid potential influence to system performance.
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