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1. Introduction

In RAN1 #73, several agreements on feasibility and benefits of radio-interface based synchronization mechanisms are achieved as follows:

Agreements:
· 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

· Send an LS to RAN3 to inquire whether current standardised support for network listening can be applied to FDD 
· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· 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.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
In this contribution, we provide our views on network listening to achieve small cell synchronization.
2. Discussion
In [1], 2 techniques for TDD HeNB synchronization are specified: MBSFN subframe based network listening and TDD special subframe based network listening. In the above agreements, such network listening schemes are deemed the baseline for small cell synchronization study. Therefore, the study should focus on the insufficiency of the current mechanisms when applying it to the small cell deployment.
2.1  Network Listening for TDD and FDD Systems
Since it is agreed that both TDD and FDD systems need to be considered in the small cell synchronization study, TDD special subframe based network listening cannot be used for FDD systems while both schemes can be applied for TDD systems. In the following analysis, we discuss FDD systems and TDD systems separately.
Network listening for TDD systems can simply reuse current techniques. However, when considering eIMTA where different cells can have different TDD configurations, MBSFN subframe based network listening may face some issues [2]. TDD UL-DL reconfiguration has shorter periodicity compared to MBSFN subframe configuration. It limits the flexibility of using MBSFN subframe based network listening. On the other hand, if a small cell wants to sync to another cell with different TDD configurations, it might face difficulties to find a common downlink subframe for synchronization purpose since MBSFN subframe can only be configured in subframe #3, #4, #7, #8, #9. The number of multi-hops supported is also affected. One solution proposed in [2] is to allow DL transmission on a subframe which is "U" to UEs. In these subframes, small cell can transmit synchronization signals for other small cells to sync. However, since TDD UL-DL reconfiguration periodicity is still under discussion, whether this solution is feasible or not is not clear now. On the other hand, TDD special subframe based network listening seems more appropriate for eIMTA. Subframe #1 is always special subframe for all TDD configurations and the slave cell can use this subframe to track synchronization signals from the donor cell. Yet, it should be noted that the maximum number of multi-hops supported is 1 (up to 2 for some special cases) for TDD special subframe based network listening. For small cell, considering at least synchronization between a small cell and the overlaid macro cell and synchronization between small cells in the same cluster should be achieved, minimum 2 hops are required. It is obvious that only TDD special subframe based network listening is not enough. Hybrid usage of two different mechanisms may be helpful. Considering that TDD configurations are usually the same within the same small cell cluster in order to mitigate the interference, TDD special subframe based network listening can be used for synchronization between a small cell and the overlaid macro cell and MBSFN subframe based network listening can be used for synchronization between small cells in the same cluster.
For FDD systems, TDD special subframe based network listening is not available. As a result, only MBSFN subframe based network listening can be reused. Since there are at most 6 subframes can be declared as MBSFN subframes for FDD systems, MBSFN subframe base network listening can support up to 5-hops synchronization. This is quite enough even for dense small cell deployment.
Observation 1: Hybrid usage of TDD special subframe based and MBSFN subframe based network listening may be helpful for eIMTA TDD systems. TDD special subframe based network listening can be used for synchronization between a small cell and the overlaid macro cell and MBSFN subframe based network listening can be used for synchronization between small cells in the same cluster.
Observation 2: MBSFN subframe based network listening can be simply reused for FDD systems. Up to 5-hops synchronization can be supported which seems enough even for dense small cell deployment.
2.2  Other Considerations for Network Listening
New Carrier Type
Rel-12 NCT is expected to have lower CRS density. Current network listening schemes which use CRS for tracking may have worse performance with NCT. For NCT, CSI-RS provides another choice for small cells to derive its timing. Both MBSFN subframe based and TDD special subframe based network listening schemes can be simply extended with appropriate CSI-RS configuration.
Observation 3: CSI-RS based network listening can be used for NCT. Both MBSFN subframe based and TDD special subframe based network listening schemes can be simply extended with appropriate CSI-RS configuration.
Indication of Stratum Level and Synchronization Status

In [1], indication of stratum level and synchronization status is fulfilled by either backhaul signaling or blind detection. Considering the small cell scenario with non-ideal backhaul, any proposed network listening scheme should consider its applicability of stratum indication using blind detection. 
Observation 4: Small cell synchronization using network listening should consider the applicability of indication of stratum level and synchronization status by blind detection.
Small Cell On/Off
Small cell on/off may change the stratum level of other small cells. Although the time scale of small cell on/off is still under discussion, it can be concluded that the indication of stratum level and synchronization status should have similar time scale as small cell on/off.
Observation 5: The indication of stratum level and synchronization status should have similar time scale as small cell on/off.
3. Conclusion

In this contribution, we provide our views on the network listening to achieve small cell synchronization and have the following observations:

Observation 1: Hybrid usage of TDD special subframe based and MBSFN subframe based network listening may be helpful for eIMTA TDD systems. TDD special subframe based network listening can be used for synchronization between a small cell and the overlaid macro cell and MBSFN subframe based network listening can be used for synchronization between small cells in the same cluster.
Observation 2: MBSFN subframe based network listening can be simply reused for FDD systems. Up to 5-hops synchronization can be supported which seems enough even for dense small cell deployment.
Observation 3: CSI-RS based network listening can be used for NCT. Both MBSFN subframe based and TDD special subframe based network listening schemes can be simply extended with appropriate CSI-RS configuration.
Observation 4: Small cell synchronization using network listening should consider the applicability of indication of stratum level and synchronization status by blind detection.
Observation 5: The indication of stratum level and synchronization status should have similar time scale as small cell on/off.
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