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1. Introduction
In RAN1#76, radio-interface based synchronization in small cell enhancement was discussed, with the following agreements:
· Support muting to improve the hearability for the scenario of small cells listening to small cells. FFS on the standard impacts.

· Support not turning off listening RS in the source cell when small cell on/off is used in the network. FFS on the standard impacts.
This contribution discusses the FFS part of RIBS and how to support RIBS in TDD eIMTA scenario.
2. Discussion
2.1. Muting pattern used for RIBS
In RAN1#76 meeting, it was agreed to support muting to improve the hearability for the scenario of small cells listening to small cells. When one or several small cells are synchronized to GNSS or a synchronized Macro eNB, one such small cell can be the synchronization source cell. The synchronization status and the subframe used for the transmission of RIBS synchronization signal are conveyed to neighboring cells via the X2 interface. The eNB receiving such information shall mute the subframe in which the source cell transmits the RIBS synchronization signal, such the other eNBs can have better hearability of the source eNB’s synchronization signal. 
An example is shown in figure 1. Source cell informs neighbor cells that it has achieved synchronization and will transmit the synchronization RS at subframe#1 in a radio frame. Then the neighbor cells will stop data transmission and prepare to receive the RS from the source cell. As illustrated in figure 1, only the source cell is transmitting and all other cells are muting. The interference from the other cells can hence be mitigated and the SINR between source cell and any other cell is improved. Evaluation result in contribution [1] shows that in SCE scenario 2b where muting is applied and only one small cell is used as the source cell, the SINR between any other cell and the source cell is higher than 0dB even if the source cell is located at the edge position. This indicates that there is no problem for all other cells to achieve the required synchronization accuracy using one subframe per 10 seconds and one hop is sufficient within a small cell cluster. In addition, the same subframe can be used for synchronization for all small cell clusters. Therefore, the overhead for subframe muting is 0.01% which is quite low.
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Figure 1: Subframe muting pattern
Proposal 1: The synchronization source cell informs other cells via X2 interface about its synchronization status and the subframes containing the RIBS synchronization signal. The receiving cells shall mute its transmission in the subframes in which the source transmits the RIBS synchronization signal.
2.2. Reference signal used for RIBS
Reference signal used for RIBS has been discussed in several contributions [1]-[5]. The chosen signal should be simple based on the existing reference signals and provide sufficient synchronization accuracy. In the last meeting, it is agreed that not turning off listening RS in the source cell when small cell on/off is used in the network should be supported. Given that discovery signal should be transmitted irrespective of small cell on/off status, it is logical to reuse discovery signal as synchronization reference signal. As discussed in contribution [7], CRS and PSS/SSS can be used for discovery procedure. Considering CRS is a part of discovery signal, it may be a good choice to use it for RIBS. As shown in figure 2 [1], in the SCE scenario 2b, when CRS is used for RIBS with subframe muting, the SINR between source cell and any other cell is better than 0dB, which means all other cells can achieve synchronization with required accuracy within 1ms per 10s. 
One concern is that the transmit position of synchronization signal and discovery signal (e.g. to support small cell on/off) may collide with each other every 10 seconds. One simple way to solve the collision is that the target cells stop transmitting discovery signal and listen to the source cell. Since the target cell only needs to listen to the RIBS synchronization signal once every 10ms, there is little impact on small cell discovery using the Rel-12 discovery signal, which is expected to be transmitted every tens or hundreds of milliseconds.
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Figure2: SINR distribution between each small cell and its source small cell
Proposal 2: CRS is used as RIBS synchronization signal.
2.3. RIBS in TDD eIMTA scenario
In small cells enabled with TDD eIMTA and UL-DL configuration #0 is used in SIB-1, only subframes {#0, #1, #5, #6} are fixed as downlink subframe and these subframes cannot be configured as MBSFN subframes. Thus network listening can only be performed in flexible subframes or in GP of special subframe. For the first case, one solution is to allow some DL transmission of the synchronization signals on a subframe where it is declared as uplink subframe to the UE as discussed in contribution [6]. There is no problem when the source cell is enabled with TDD eIMTA. However, if the source cell is not enabled with TDD eIMTA and uses with same SIB-1 configuration as the target cell, the target cell cannot achieve time synchronization from the source cell. This case is very likely to happen when macro cells are used as source cells for which SIB-1 UL-DL configuration is fixed. Therefore the second approach, i.e. synchronization based on GP is more preferred to relax the limitation on network deployment. In this approach, longer GP should be configured in the target cell for network listening and overhead in all radio frames are caused since the length of GP is not reconfigurable across radio frames. Given the synchronization can be required once every 10 second, it shall be considered to reduce the resource overhead. Reconfiguration of GP length across radio frames can be considered. In addition, subframe muting can be easily applied to improve synchronization performance when network listening is based in GP of special subframe. 
Proposal 3: Network listening in GP of special subrame shall be supported cells enabled with TDD eIMTA in order to avoid the limitation to network deployment. GP reconfiguration across radio frames shall be considered to reduce the resource overhead for network listening.
3. Conclusion
In this contribution, we discuss the muting pattern and reference signal used for RIBS. Our view on how RIBS is applied in TDD eIMTA scenario is also shown with the following proposals:
Proposal 1: The synchronization source cell informs other cells via X2 interface about its synchronization status and the subframes containing the RIBS synchronization signal. The receiving cells shall mute its transmission in the subframes in which the source transmits the RIBS synchronization signal.
Proposal 2: CRS is used as RIBS synchronization signal.
Proposal 3: Network listening in GP of special subrame shall be supported cells enabled with TDD eIMTA in order to avoid the limitation to network deployment. GP reconfiguration across radio frames shall be considered to reduce the resource overhead for network listening.
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