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1. Introduction
The TDD HNB synchronization mechanism in frame of network listening technique have been long debated in RAN4 (also in RAN2) [1], [2], [3].  According to [4], [5], HNB deployment scenarios were observed and macro cell’s conveying were further simulated, the results showed that with smart PC scheme over 95% HNBs could directly listen to Macro cell signal, while a blind detection mechanism was suggested for left 5% HNBs’ synchronous solution; all those implied that no additional synchronization signalling (e.g. stratum number & self-synchronized identify) will be needed for TDD-HNB synchronization. However at last meeting, doc[7] recurred to the necessity of these information signalling. This contribution gives our opinions on this topic. 
2. Discussion 

The importance of timing Synchronization for interference control in TDD systems is already widely recognized. Three independent techniques (GPS, IEEE 1588 v2, Network Listening) shall be applied to fulfil the synchronous requirements, while the last method may be the most mature in moment, which we would like to go into details here. 
It only comes to the agreement that, In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected [8].  However the question is: how could the best accurate synchronization source been found?  If this kind of synchronization source detection by TDD-HNB itself without additional signaling is possible?
2.1 Typical scenarios of TDD HNB air interface synchronization 

4 TDD HNB Synchronization scenarios were brought in [3], they are:
· Scenario 1 HeNBs all in the coverage of TDD macro cells
· Scenario 2 HeNBs partly in the coverage of TDD macro eNB
· Scenario 3 HeNBs all out of the coverage of TDD macro eNB
· Scenario 4 HeNBs deployed between the coverage of isolated HeNBs and TDD macro eNB
From our point of view, Scenario 1&2 are the most typical deployment scenarios of TDD-HNBs, since HNBs are very end-user-dependent equipment, which could be located randomly at any places (in a building). As a result, the synchronization strategies under these 2 scenarios shall be considered in priority.
For Scenario 1: All TDD-HNBs can directly listen to the macro cell’s synchronous signals (PSS/VSS/CRS), which ensure them to be able to choose macro eNBs as the synchronous source, so called single-hop synchronization. Even in this case, if no priority information (such as stratum number) provided, some TDD-HNBs equipped with GNSS terminal may become confused when it meanwhile receives GNSS satellite signal. (Obviously, in such situation the GNSS signal from satellite is the most accurate source, but HNB may still probably synchronize with macro eNB )[7]
For Scenario 2:  Some TDD-HNBs are not in the conveying of macro eNBs, but in the conveying of other TDD-HNBs, which are already GNSS-synchronized with macro eNBs or GNSS satellites. In this Scenario, these TDD-HNBs shall listen to the GNSS-synchronized HNBs and synchronize with standard GNSS timing, so called multi-hops synchronization. Although this kind of HNBs are in a very small proportion[5], we think, this scenario still should be taken into account, as loosing synchronization may cause serious interference to the already GNSS-synchronized HNBs networks due to their equally TX level. For multi-hops synchronize source selection, priority info(such as stratum number) is necessary, for example, “state 1” representing the HNBs directly synchronize with macro cells, “state 2”, representing the HNBs synchronize indirectly with a GNSS-synchronized HNBs, and so on. The smaller stratum number means it has lower synchronization priority, with which, the accuracy level of synchronization source could be identified.
For other Scenario: such as scenario 3&4 (with isolated HNBs network), other additional signalling (self-synchronized) seems to be needed, which shows that the part of these HNBs network is isolated from macro cells and organize synchronization by itself. However this identification may not be such a must as priority info(stratum number), as an isolated HNBs’ network will not introduce interference to other parts of HNB networks.
2.2 Synchronous source selection & reselection
According to the analysis above, additional signal Stratum, such as stratum number and self-synchronized identifier can help TDD-HNBs’ with the best synchronization source selection. The cell with the lowest stratum number and “self-synchronized= no” is in first to be chosen as synchronous source.
However, as the HNBs are movable equipment depending on the end-user’s behavior, its conveying condition could be change at any time, so its original synchronous source will be consequently lost and new synchronization source shall been timely reselected.
Consider the synchronization source reselection scenario figured below: HNB1 moves from the conveying of GNSS satellite to conveying of Macro cell, the task of HNB1 should be changing its synchronization source to Macro eNB and reset its “state number =1”. More complicated task lies in HNB2 and HNB3, which were both originally synchronized with HNB1. As HNB1 moves to other place, HNB2 and HNB3 can not listen to HNB1. Theoretically it should look for other new synchronization source, but practically HNB2&3 may still synchronize with each other, treating the other as a reliable source. This problem need to be further investigated. 
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Figure TDD-HNB synchronization reselection scenario
3. Conclusion
Suggestion 1: The priority info such as stratum number should be added as additional synchronous signalling in priority; other additional synchronous signalling like self-synchronized identifier can be considered if isolated HNBs network’s scenario is introduced.
Suggestion 2: Consider the TDD-HNBs synchronization source reselection as an open issue in forward work, maybe defining the typical scenario firstly.
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