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1 Introduction
In RAN1 #76 meeting, the following agreements were agreed:
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, we present our views on detailed impacts to the specification in order to support the above agreements for RIBS.
2 Discussion
2.1 Overview on existing Synchronization schemes

According to current TS36.413 [1], the Time Synchronization Info IE shown in the following table 1 that is used for signalling stratum level and synchronization status can work for the MBSFN subframe and/or GP in special subframes based network listening solution. 

Table 1   The Time Synchronization Info IE [1]

	IE/Group Name
	Presence
	Range
	IE type and reference

	Synchronization Info
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)

	>Synchronization status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)


A small cell can get information of neighbouring eNB's (including MeNB's and SeNB's) time synchronization status and stratum level over the backhaul using the S1-AP eNB configuration transfer procedure and the S1-AP MME configuration transfer procedure.

The process is illustrated in Figure 1. After the small cell_1 detects small cell_2's synchronization signal, small cell _1 initiates S1-AP eNB configuration transfer procedure by sending to the MME the eNB CONFIGURATION TRANSFER message containing the target eNB ID and Time Sync Info request. The MME forwards the request to the target eNB (small cell_2) with the MME CONFIGURATION TRANSFER message. When the small cell_2 receives the MME CONFIGURATION TRANSFER message with Time Sync Info request, it replies to the MME with eNB CONFIGURATION TRANSFER message containing its stratum level and sync status. The MME forwards the received information to the small cell_1.

From this perspective, network listening has already been supported since Rel-9. It has been recognized during the study phase that existing network listening schemes could be the starting point for Rel-12 standardization of RIBS [2].
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Figure 1. Stratum procedure by Backhaul Signalling
2.2 Solutions and standard impacts
There are several solutions to share muting/listening pattern and source cell information between small cells.

Solution 1: S1-AP based solution

In this solution, information such as the muting/listening pattern is provided to the MME, and the MME sends this information to its eNBs.

The process is illustrated in Figure 2.
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Figure 2 Sync procedure by S1-AP

After the small cell_1 detects small cell_2's synchronization signal and choose it as a candidate source cell, the small cell _1 initiates S1-AP eNB configuration transfer procedure by sending to the MME the eNB CONFIGURATION TRANSFER message containing the source cell ID and Time Sync Info request. The MME forwards the request to the source cell (small cell_2) with the MME CONFIGURATION TRANSFER message. When the small cell_2 receives the MME CONFIGURATION TRANSFER message with Time Sync Info request, it replies to the MME with eNB CONFIGURATION TRANSFER message containing its stratum level, sync status and muting/listening pattern. The MME forwards the received information to the target cell (small cell_1).

Since small cell_1 may detect more than one synchronization signals from multiple small cells, after acquiring their stratum levels and muting/listening pattern, the small cell_1 selects the cell with the lowest stratum level and an appropriate muting/listening pattern as its source cell. If small cell_1 selects small cell_2 as its source cell, then small cell_2 may get time synchronization confirmation of small cell_1.

Furthermore, in order to improve the hearability when the small cell_1 listening to the small cell_2, small cell_1 may also send a message to the neighbouring cells such as small cell_3 through MME to indicate the subframes where small cell_1 listens to small cell_2 such that small cell_3 may choose not to transmit any signal during that subframe. In this case, the muting/listening pattern information would be necessary.

This solution is a direct extension/enhancement to the existing S1-AP based solution and needs minimal standardization efforts given maximum reuse of the existing processes and parameters. More importantly, S1-AP is always present eve for small cells from different vendors.

Solution 2: X2-AP based solution

Alternatively, the muting/listening pattern information could also be exchanged over X2 interface. For example, LOAD INFORMATION could be used to carry the synchronization related message on X2. The process is illustrated in Figure 3. Similar to S1-AP based solution, stratum level, sync status and listening pattern are exchanged between the target and the source cell. The muting pattern indication information may also be sent from the target cell to the neighbouring interfering cell. 
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Figure 3 Sync procedure by X2-AP

Solution 3: radio-interface based solution

There are several possible ways to exchange sync status, stratum level and muting/listening pattern and source cell information between small cells via radio-interface.
Alt 1: signalling about RIBS transmitted by the source cell in SIB. 

The target cell gets information of a source cell's muting/listening patterns, stratum level and sync status over the radio interface using SIB, then determines whether to select as its source cell. If yes, target cell may send confirming message contained into Sync Request IE to the selected source cell over the radio interface.

Alt 2: signalling about RIBS transmitted by the source cell via dedicated RRC signalling.
The target cell connects to the source cell as a UE, and is in RRC_CONNECTED state. Thus, the target cell and the source cell can use dedicated RRC signalling for RIBS.

Alt 3: the target cell blindly detects the listening RS to obtain RIBS information.
Based on a predefined paired-relationship between listening RS pattern and stratum level, the target cell gets the stratum level via blindly detecting the listening RS pattern, and then selects the appropriate cell as the source cell.

Note that for the performance evaluation of network listening in [2], there’s an assumption that stratum level, sync status and listening RS position of neighbouring cells are known to the target cell. Network listening is shown to be feasible based on the existing signals under that assumption. However, the feasibility of obtaining RIBS information through radio-interface has not been investigated at all during study item phase. Furthermore, for each alternative, the following issues need further study.

· How to receive the source cell's SIB via the radio interface? How to exchange messages of Sync Request IE between the source and the target cell?

· What is the detailed dedicated RRC signalling procedure for RIBS?
· How to inform neighboring cells whether and when to perform muting? 
In summary, radio-interface based solution for RIBS signalling needs more time to further study on feasibility and performance, and a large effort on standardization. Given the limited time frame of this WI, we have the following proposal.
Proposal: Backhaul based solution should be introduced to support signalling of listening RS pattern for RIBS in Rel-12.

3 Conclusion
In this contribution, we presented our views on detailed impacts on specification to support RIBS in Rel.12. We propose the following:
Proposal: Backhaul based solution should be introduced to support signalling of listening RS pattern for RIBS in Rel-12.
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