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1 Introduction
In RAN#62, feasibility and benefits of radio-interface based synchronization (RIBS) mechanisms for operation efficiency improvement had been addressed; the following have been agreed as the object on RIBS in the approved WID on small cell enhancement [1]:
· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells.
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band.
In this contribution, we share our views on the applicability of RIBS to several deployment scenarios: small cell on/off, eIMTA, and inter-operator TDD deployment. Other aspects of RIBS are discussed in our companion contribution [2].
2 Potential Enhancements on RIBS
The WID [1] mentions that the solutions of RIBS should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment. Thus some enhancements may be introduced for this purpose.
2.1 Supporting synchronization for small cell on/off
Introducing small cell on/off can bring many benefits via interference avoidance and coordination, e.g., better service, load balance and energy saving. Small cell on/off itself has been considered as one of the key features for small cell enhancement [1]. 
In the multiple-hop radio-interface based synchronization scenario, when the synchronization source cell switches from on to off state, the target cell may lose the synchronization with the synchronization source cell; and the synchronization stratum level of the target small cell may be changed in case of a new cell with different stratum level is selected as the synchronization source, which in turn might cause some interferences or collisions, even synchronization errors. Furthermore, when the original synchronization source cell switches from off to on state, the target cell may switch the synchronization source again to obtain better synchronization accuracy if such on/off state switch is notified to the target cell as well.

Depending on the scenarios, small cell on/off may be deployed in different scenarios. In the case of a central control node (e.g., overlaid macro or cluster head cell) controlling small cell on/off within the small cell cluster, small cell on/off and network listening could be well coordinated since the information of load, interference, and synchronization may be collected by the central node via the backhaul. Whether a small cell can be off or not may as well consider the criteria of whether that small cell serves as the synchronization source cell to other small cells. For example, when a current source cell switches from on to off state, the central node allows the current source cell to be off if the target cell can get a new synchronization source cell, otherwise indicates the current source cell to wake up in the listening subframe(s) of the target cell and transmitting RS normally. Another way of coordinated small cell on/off and RIBS could be the central node configures candidate synchronization source cell(s) for the target cell.
In the case of small cell on/off transition is under the interaction between small cells. It is commonly assumed that network coordination via backhaul (e.g., X2 interface) will exist for various reasons during small cell ON/OFF transitions [3]. Thus, information such as small cell ON/OFF notification may already be in place for reasons such as handover, load balancing and/or interference coordination via backhaul to other small cells in a cluster. Again, information exchange on synchronization status for consideration as small cell on/off criteria as well as the listening subframe(s) should be considered to support RIBS with small cell on/off. 
In summary, small cell on/off should be designed with the consideration of supporting RIBS. For instance, even during the off state, a cell as the synchronization source cell to the target cell may wake up in the listening subframe(s) and transmit RS normally for the purpose of RIBS.
Proposal 1: Small cell on/off should be designed with the consideration of supporting RIBS.
2.2 Supporting synchronization for TDD eIMTA
When the small cells are enabled with TDD eIMTA, different cells can have different TDD configurations and the traditional technique of using MBSFN may have some issues. For example, on TDD UL-DL configuration 0, there is no MBSFN subframe, and hence configuring the network listening period in MBSFN subframes cannot be used.
Some solutions can be considered for this issue:

Alt 1: performing network listening in GP of special subframe. In this solution, the target cell and the source cell utilize different special subframe configuration. The source cell is configured with more OFDM symbols in DwPTS, and the target cell with less OFDM symbols in DwPTS, so the target cell can utilize the GP for network listening.
Alt 2: performing network listening in flexible subframes. In this solution, flexible subframes are configured via network coordination as subframes for network listening. For example, the target cell can declare these subframes as UL in order to avoid the impact to the UEs, and the source cells can transmit DL listening signals for other small cells to listen in these subframes.
Observation 1: Network listening can be applied with TDD eIMTA.
2.3 Inter-operator synchronization
The WID [1] says the RIBS should be applicable to inter-operator TDD deployment in the same band. The reason is to reduce mutual interference of both operators. And in [3], two ways of achieving synchronization in such deployment are identified. In case that the operators can negotiate or exchange information about their common/reference timing, inter-operator synchronization may be achieved by appropriate synchronization requirements. Alternatively, mutual network listening where communication between the cells of different operators is needed, such as the stratum level indication, RS configuration and etc can be applied to achieve inter-operator synchronization. 
Considering the case of TDD inter-operator where TDD networks are on different frequencies within the same band. Even with small or no guard band, that synchronization accuracy requirement may be lower than that of intra-operator case. It is worth studying the impact of synchronization accuracy requirement for the inter-operator case.  
If more than two operators deploy TDD mode cells in the same region, X2/S1/OAM configuration sharing among different operators would become quite difficult if not impossible. It is well known that currently all macro cells in a TDD network are synchronized. Thus, each operator ensures accurate synchronization of its own network to an absolute timing, such as via GPS may be a practical way to achieve synchronization between cells of different operators. In this way, communication about RIBS between cells of different operators is not needed at all.

If common reference timing cannot be assured for both operators, network listening may still be possible as an implementation method as described in [4]. For example, when a small cell of operator A is powered on, it can listen to cells of another operator B to be synchronized to operator B. This may be useful for an isolated small cell of operator A but close to other cells of operator B. Whether this is a typical case worth specification can be up to discussion. When a deployed small cell cluster of one operator is also under the coverage of another operator, selecting synchronization source within the cells of the same operator can obtain better synchronization accuracy and thus is preferred [3]. It also has been shown in [3] that coordinated muting can greatly improve the synchronization accuracy within an operator’s network. When coordinated muting is applied within the cells of one operator, the hearability of network listening to the other operator can be improved as well. 
Observation 2: Inter-operator signalling is not needed for inter-operator synchronization.
3 Conclusion
This contribution shared our views on RIBS’ applicability to small cell on/off and eIMTA, and inter-operator TDD deployment. The proposals and observations are as follows:
Proposal 1: Small cell on/off should be designed with the consideration of supporting RIBS.
Observation 1: Network listening can be applied with TDD eIMTA.
Observation 2: Inter-operator signalling is not needed for inter-operator synchronization.
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