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1 Introduction

In RAN1#76, network listening for RIBS [1] was further discussed and the following agreements were made.
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.

In this contribution, further discussion on muting to improve the hearability for RIBS is provided.
2 Discussion
2.1 Muting to the network listening RS
In the previous meeting, support on muting to improve the hearability for the scenario of small cells listening to small cells had been agreed. With this method, a target cell will stop transmitting data in RE-level or subframe-level and listen to the source cell. In RE-level muting, the target cell will mute the PDSCH REs colliding with the network listening RS REs from the target cell. In subframe -level muting, the target cell will mute PDSCH in the listening subframe(s) for RIBS. The two options are summarized as below:
· RE-level muting is a high-resource-utilization way, because the target cell can still use the remaining REs for PDSCH. However, it may cause a lot of standard impacts, because there are few features that can be reused for this way in the current standard. The remaining REs for PDSCH may still cause interference on RIBS due to the timing error. That means that the target cell may need to mute more REs to mitigate the interference on RIBS. 
· Subframe-level muting is a simple way. By this way, many REs will be wasted, but the interference from target cells can be mitigated significantly. Moreover, prolonging the detection interval of network listening can reduce the wasted REs. In the current standard, the network can configure MBSFN subframes and use one of them in a detection interval for subframe-level muting and RIBS. The same subframe can be used for subframe-level muting and RIBS in a cluster so that the control of cluster synchronization can be simplified and the interference from the other cells in the same cluster can be further mitigated.
· For RIBS coordination, RE-level and subframe-level muting both need to exchange muting information and network listening RS information via backhaul.
Considering the above, we have the following proposals:
Proposal 1: Subframe-level muting should be supported to improve the hearability for RIBS.
Proposal 2: Necessary muting information and network listening RS information via backhaul signalling should be further studied.
2.2 Consideration on network listening for RIBS with small cell on/off
Small cell on/off is a key feature of SCE for interference avoidance and energy saving. In the previous meeting, support on not turning off listening RS in the source cell when small cell on/off is used in the network had been agreed. This agreement avoids that target cells frequently search a source cell because the source cell may be switched to the off state. However, support on not turning off listening RS in the source cell may cause different off behaviors between target cells and source cells and cause more standard impacts. A possible solution is to use the cell discovery signal for discovering small cells if the cell discovery signal is always transmitted by a small cell whichever state it is in. 
Therefore, we have the following observation:

Observation 1: Using the cell discovery signal as the network listening RS causes less standard impacts if the cell discovery signal is always transmitted by a small cell whichever state it is in.
2.3 Consideration on network listening for RIBS with TDD eIMTA
If the network configures MBSFN subframes and uses one of them in a detection interval for subframe-level muting and RIBS, the usable subframes for network listening RS will be limited in the DL subframes except the subframes (#0, #4, #5, and #9). For UL-DL configuration #0, there is no usable DL subframe for MBSFN. Unfortunately, UL-DL configuration #0 may often be used in SIB-1 and be UL HARQ reference configuration for eIMTA-enabled cells. The possible solutions are to use flexible subframes or special subframes. However, if a source cell is not an eIMTA-enabled cell, such as Macro cell, the flexible subframe solutions cannot be used. A special subframe solution may be more workable for this case. In the special subframe solution, the source cell transmits network listening RS in a special subframe, and the target cells are configured a longer GP. This special subframe solution will cause a larger overhead due to the longer GP but less standard impacts.
Therefore, we have the following proposal:

Proposal 3: The network listening RS transmitted in special subframes should be considered.
3 Conclusions

In this contribution, we further discuss about muting to improve the hearability for RIBS. Considering the discussion, we have the following proposals and observations:
Proposal 1: Subframe-level muting should be supported to improve the hearability for RIBS.
Proposal 2: Necessary muting information and network listening RS information via backhaul signalling should be further studied.

Proposal 3: The network listening RS transmitted in special subframes should be considered.
Observation 1: Using the cell discovery signal as the network listening RS causes less standard impacts if the cell discovery signal is always transmitted by a small cell whichever state the small cell is in.
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