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1. Introduction

In RAN #61, radio-interface based synchronization is regarded as an open issue [1] and it is concluded that RAN1 should:
· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters.

On the other hand, the following description is endorsed in [2]:
· To support network listening in small cell deployments, at least the following potential standards impacts need to be considered:

· Improvement on the achievable synchronization accuracy by improving the herability channel condition of received network listening RS at the target cells

· Mechanisms to reduce the resource overhead for network listening

In this contribution, we discuss how to use non-zero-power and zero-power CSI-RS for network listening to achieve small cell synchronization with reduced resource overhead and interference to network listening.
2. Discussion
2.1  CRS based Network Listening
The network listening mechanism specified in [3] for TDD HeNB synchronization is based on CRS. As depicted in fig.1, to improve the synchronization performance, inter-HeNB interference to network listening can be cancelled by configuring MBSFN subframes to mute the transmission and avoid interference to network listening of HeNB belongs to the upper stratum. In these subframes, the HeNB belongs to the upper stratum is also muted by configuring MBSFN subframe and does network listening with CRS transmitted from its own upper stratum HeNB.
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Figure 1 Inter-eNB interference cancellation in CRS based network listening [3]
If the CRS based network listening mechanism is directly reused for small cell synchronization, the inter-cell interference to network listening is still alleviated by muting the configured MBSFN subframe. However, the resource overhead for interference avoidance seems quite high since the configured MBSFN subframe for avoiding interference to upper stratum listening should be muted and cannot be used for PDSCH transmission. Since small cell deployment may be very dense, a small cell may want to avoid interference to multiple stratums’ network listening. Significant resource overhead is needed if accurate synchronization is required. As a result, directly reusing CRS based network listening mechanism for small cell synchronization may not be a very appropriate solution.
Observation: Reusing CRS based network listening for small cell radio-interface based synchronization may lead to significant resource overhead (especially considering dense small cell deployment) since multiple MBSFN subframes can be configured in the synchronization period for interference avoidance to network listening.
2.2  CSI-RS based Network Listening
As discussed above, reusing CRS based network listening for small cell radio-interface based synchronization may lead to significant resource overhead. We propose to handle this problem by using CSI-RS based network listening instead of CRS based network listening. The synchronization procedure is similar to the CRS based network listening except that the synchronization signals changed from CRS into non-zero-power CSI-RS. An example of CSI-RS based network listening mechanism is depicted in fig.2. To make a small cell able to do network listening on non-zero-power CSI-RS transmitted from another small cell of upper stratum, MBSFN subframes are still configured to mute its own transmission in these network listening subframes. Yet, when considering interference avoidance to small cells of other stratums, zero-power CSI-RS can be used instead of configuring MBSFN subframes. Since zero-power CSI-RS can be easily configured on the REs of the transmitted non-zero-power CSI-RS, it is suitable for reducing the network listening interference to other small cells. Moreover, PDSCH can still be scheduled in the subframe with zero-power CSI-RS configuration by rate matching on zero-power CSI-RS. The resource overhead of using zero-power CSI-RS for avoiding network listening interference to small cells is very low compared to using MBSFN subframes. Therefore, CSI-RS based network listening seems to be more appropriate for small cell synchronization.
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Figure 2 An example of CSI-RS based network listening and interference avoidance
However, it is noted that current zero-power CSI-RS has different available periodicities from MBSFN subframe configuration. The periodicities of CSI-RS can be 5, 10, 20, 40 and 80 while the periodicities of MBSFN subframe can be 10, 20, 40, 80, 160 and 320. Since small cells still do network listening in configured MBSFN subframe, new zero-power CSI-RS periodicities (e.g. 160, 320) may be introduced to comply with the periodicity of MBSFN subframe configuration.
Proposal: CSI-RS based network listening can be applied for small cell radio-interface based synchronization. MBSFN subframes are configured for network listening and zero-power CSI-RSs are configured for network listening interference avoidance. The resource overhead of network listening interference avoidance can be minimized compared to using MBSFN subframe for network listening interference avoidance since PDSCH can still be scheduled in subframes configured with zero-power CSI-RS.
3. Conclusion

In this contribution, we discuss the CRS based network listening for small cell synchronization and have the following observation:

Observation: Reusing CRS based network listening for small cell radio-interface based synchronization may lead to significant resource overhead (especially considering dense small cell deployment) since multiple MBSFN subframes can be configured in the synchronization period for interference avoidance to network listening.
The resource overhead for network listening interference avoidance can be relieved by replacing CRS based network listening with CSI-RS based network listening and we have the following proposal:
Proposal: CSI-RS based network listening can be applied for small cell radio-interface based synchronization. MBSFN subframes are configured for network listening and zero-power CSI-RSs are configured for network listening interference avoidance. The resource overhead of network listening interference avoidance can be minimized compared to using MBSFN subframe for network listening interference avoidance since PDSCH can still be scheduled in subframes configured with zero-power CSI-RS.
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