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1 Introduction
In [1], coordinated and time synchronized operation of the small cell layer and between small cells and the macro layer can be assumed for specific operations and feasibility and benefits of radio-interface based synchronization mechanisms shall be addressed. In RAN1 #73 meeting, the following agreements are achieved:

· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
In this contribution, we will give our analysis on radio-interface synchronization enhancement.
2 Discussion
In current standard[2], if a (H)eNB wants to make radio-interface synchronization, it should listen to other cells reference signal and be aware of its neighbours synchronization hierarchy (stratum info), and then correspondingly decide its own stratum number. Also, the (H)eNB needs to let others know its own synchronization status and stratum info. Two methods are provided to fulfill this function. The first one is backhaul signaling based and the other one is blind detection based. 
For backhaul signaling based method, neighboring eNB's time synchronization status and stratum level should be achieved from MME. The whole process is given in figure 1(figure 6.4.2.1.4.1-1 in [2]). In this progress, MME is requested as media to exchange stratum level between different (H)eNB. Therefore, if two (H)eNBs belong to different operators, the stratum level message might not be exchanged. Then the radio-interface synchronization will not be completed. Therefore, the radio-interface synchronization between different operators is hard to achieve by backhaul signaling.
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Figure 1 Stratum Indication by Backhaul Signalling
If we resort the inter operator radio-interface synchronization to blind detection, there will also be some problems. Blind detection needs the OAM configures or all HeNBs embedded pre-configure the same muting places (e.g. MBSFN subframes) for a given value of stratum and status, while configures different muting places for other values of stratum and status. For example in Figure 2, HeNB stratum 1 will trace CRS in SF#2 of RF#1, HeNB stratum 2 will trace CRS of stratum 1 in SF#2 of RF#2, also mute to avoiding interference to HeNB of stratum 1 (this muting could be omitted if power control is appropriately utilized then interference will be mitigated); similar ruling is taken to the following strata. If different operator configures different pre-configure muting places, the stratum and status can’t be known by (H)eNB belonging to different operators. 
Proposal 1: Inter operators radio-interface synchronization needs to be enhanced.
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Figure 2 Explanation for blind detection on stratum info and synchronization status

3 Possible enhancements

According to the analysis on section 2, backhaul signaling exchanging between different operators is hard to achieve. One possible solution is to enhance the blind detection based method. 
The enhancement blind detection can be realized by standardizing the muting place of different stratum and status. This means the reference signal of the same stratum level transmits in the same place. By this way, stratum and status recognition over different operators can be realized by physical layer and no high layer signal exchanging is needed. 
When we design the muting place for different stratum, subframe level muting or symbol level muting can be chosen. If subframe level muting is adapted, like figure 2, blind detection can be done by the legacy CRS on muting place. However, with the increasing of small cells in one area, the interference among different small cells will rise. Then the synchronization accuracy decreases. To further increase the synchronization accuracy, new radio-interface synchronization reference signal could be included. If symbol level muting is used, several symbols in given subframes can be used for muting. In this case, no legacy RS can be reused and new radio-interface synchronization reference signal needs to be designed. 
Proposal 2: Standardizing muting place of different stratum and status could be considered to enhance specified blind detection method. The design of muting places needs FFS.
The enhancements for blind detection requires (H)eNB make network listening in Tx band. It will cause transmission resource waste. Besides, for FDD (H)eNB, extra Rx module should be added. Therefore, 
Proposal 3: the enhancements for radio-interface based synchronization should not be limited by the specified methods.
4 Conclusion
In this contribution, we give some proposals on radio-interface based synchronization. They are
Proposal 1: Inter operators radio-interface synchronization needs to be enhanced.

Proposal 2: Standardize muting place of different stratum and status to enhance radio-interface based synchronization. The design of muting places needs FFS.
Proposal 3: the enhancements for radio-interface based synchronization should not be limited by the specified methods.
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