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1 Introduction
In RAN1#76bis meeting, RAN1 sent an LS to RAN3 about the status of Radio-interface based synchronization [1]. It is said that RAN1 has made the following agreements on Radio-interface based synchronization (RIBS).

	Agreement:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

· Other specification impacts are FFS
Agreement:

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded

· Whether standard impact is needed is FFS
Agreement:

· PRS and/or CRS is used as the listening RS for RIBS

· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting


We can see from the LS that the listening RS(s) needs to be acquired by the listening cell. Moreover, Subframe-level muting is also supported for RIBS in order to avoid the potential interference between cells. In this contribution, we give the analysis and solutions on how to support RIBS.
2 Discussion
2.1 Overview on current synchronization schemes
According to current TS36.413 [3], the Time Synchronization Info IE 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. 
	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 signalling is shown in Fig1, after the small cell1 detects small cell2's synchronization signal, small cell1 initiates S1-AP eNB configuration transfer procedure by sending the eNB CONFIGURATION TRANSFER message which contains the target eNB ID and Time Sync Info request to the MME. The MME forwards the request to the target eNB(small cell2) by the MME CONFIGURATION TRANSFER message.
When the small cell2 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 cell1.
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Figure 1 Stratum Indication by Backhaul Signalling
From this perspective we can conclude that RIBS has already been supported since Rel9. Therefore, Rel9 RIBS could be the starting point for supporting Rel12 RIBS.
2.2 Evaluation of the possible solutions
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Figure 2 Scenario of small cells listening to small cells
As shown in Figure 2a, when SeNB_1 listens to SeNB_2, we call that the SeNB_1 cell is the target cell of synchronization, the SeNB_2 cell is source cell of synchronization and SeNB_3，SeNB_4，SeNB_5 cells may be the neighbouring interference cells. Based on the agreements above, SeNB_1cell(target cell) needs to acquire the listening RS(s) which at least includes RS pattern, subframe periodicity, and offset from SeNB_2 cell in order to improve the hearability for SeNB_1cell, and tells the neighbouring interference cells to do subframe-level muting by sending muting pattern information as shown in Figure 2b. Note that the muting pattern may be the same with the listening pattern.
There are several solutions to be evaluated as below.

(a) Solution 1: S1-AP based solution
In this solution, the information such as the muting/listening pattern are transferred between small cells via MME.
The process signalling is shown as in Fig3:
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Figure 3 Sync procedure by S1-AP
After the small cell_1 detects small cell_2's synchronization signal and selects it as a candidate source cell, the SeNB_1 (small cell _1) initiates S1-AP eNB configuration transfer procedure by sending the eNB CONFIGURATION TRANSFER message containing the target eNB ID and Time Sync Info request to the MME. The MME forwards the request to the SeNB_2 (small cell_2) with the MME CONFIGURATION TRANSFER message.
When the SeNB_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 listening RS(s) information. The MME forwards the received information to the SeNB_1 as shown in step1~step4.

Since the small cell_1 may detect more than one synchronization signals from multiple small cells, such as small cell_3 shown in Fig3, after acquiring their stratum levels, sync status and listening pattern, the small cell_1 tries to select the cell with the lowest stratum level and appropriate listening pattern as its source cell. If the small cell_1 selects small cell_2 as its source cell, then the small cell_2 can get the time synchronization source confirmation from small cell_1 as shown in step5~step6. 

Furthermore, in order to improve the hearability, for example, when the small cell_1 is listening to the small cell_2, small cell_1 can try to tell the neighbouring cells such as small cell_3 not to transmit any signal on small cell_1's listening pattern, so small cell_1 needs to tell the neighbouring cells the muting pattern information as shown in step7~step8.
(b) Solution 2: X2-AP based solution
When the small cell_1 detects the small cell_2's(or small cell_3's) synchronization signal and selects it as a candidate source cell, it sends the small cell_2(or small cell_3's)  the LOAD INFORMATION message containing Time Sync Info request. Then small cell_2 replies to small cell_1 with LOAD INFORMATION message containing its stratum level, sync status and listening RS(s) information. If the small cell_1 selects small cell_2 as its source cell, it may send a Time Sync source confirmation IE to small cell_2. Then the small cell_2 knows itself as the source cell of small cell_1. Once the small cell_1 confirms the listening pattern and strong interference cell ID, it can send the muting pattern indication to the interference cells. The process signalling is shown as in Fig 4:
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Figure 4 Sync procedure by X2-AP
The main drawback of this solution is that it wouldn't work for the scenario that no X2 interface between eNBs.
(c) Solution 3: Mixture of solution1&2

As described above, the process for synchronization can be divided into two parts. The first part is that the target cell acquires time sync relevant information which is used to select the source cell and confirms the listening pattern, and the second part is that the target cell tells the neighbouring interference cells the muting pattern. So a mixture way of solution1&2 is proposed in order to make use of current signalings as much as possible, the first part can be achieved by S1-AP messages which is shown as step1~step6 in Fig.3, and the second part can be achieved by X2-AP messages which is shown as step4 in Fig.4.

(d) Solution 4: O&M based solution

In this solution, the O&M system needs to collect the information which include time synchronization status, stratum level and listening pattern of synchronization source cell and sends them to the synchronization target cell. Meanwhile, the O&M system also needs to get the muting pattern of synchronization target cell and sends them to the neighbouring interference cells.

In principle, this solution has no impact on the MME and minimizes the duplication of databases. However it requires the O&M system to fulfil the requirements for operation across element managers and vendors. This essentially moves the complexity to the O&M domain and may have impacts on the interface between NMSes. Moreover, it is not clear that this will be an efficient solution since the time synchronization relevant information such as synchronization source cell of the target cell may be changed too frequently to O&M system.
According to the analysis above, the comparison of different solutions is summarized and captured in the table as below.

Table 1 Comparison of different solutions
	
	Impact on S1
	Impact on X2
	Impact on OAM
	Available scenario

	Solution1
	listening RS(s)
	listening RS(s) information transmission
	N
	N
	All

	
	Muting
	Subframe-level muting information transmission
	N
	N
	All

	Solution2
	listening RS(s)
	N
	listening RS(s) information transmission
	N
	may not available for multi-vendor scenario

	
	Muting
	N
	Subframe-level muting information transmission
	N
	may not available for multi-vendor scenario

	Solution3
	listening RS(s)
	listening RS(s) information transmission
	N
	N
	All

	
	Muting
	N
	Subframe-level muting information transmission
	N
	may not available for multi-vendor scenario

	Solution4
	listening RS(s)
	N
	N
	Out of the scope in RAN3
	may not available for inter-NMS scenario and introduce lots of manual work

	
	Muting
	N
	N
	Out of the scope in RAN3
	may not available for inter-NMS scenario and introduce lots of manual work


According to the comparison table, we can see that Solution1 has the benefit that it can be used for all the scenarios, and it also has the similar standard impact on S1 interface as Solution2. Solution3 has the drawback as Solution2. If we consider the multi-vendor scenario is not the case of support RIBS, then Solution1 has no obvious benefits than Solution2 and Solution3. While Solution4 will impact on OAM system, which is out of the scope in RAN3 which will introduce lots of manual management work and it can not apply to all scenarios, e.g. inter-NMS scenario.
Proposal1: The S1/X2 signalling can be enhanced to support the target cell of synchronization acquire listening RS(s) information which at least includes RS pattern, and subframe periodicity, and offset.

Proposal2: The S1/X2 signalling can be enhanced to support the interfering cell acquire subframe-level muting information.
As LS[1] said, the standard impact on network listening between the cells of different operators operating is FFS and the discussion still continues in RAN1. Here we propose to postpone the discussion of this issue until RAN1 has a definitive conclusion.

Proposal3: Postpone the discussion of this issue until RAN1 has a definitive conclusion.
3 Conclusion
According to the above analysis, our views on how to support RIBS in Rel12 are provided. We propose:

Proposal1: The S1/X2 signalling can be enhanced to support the target cell of synchronization acquire listening RS(s) information which at least includes RS pattern, and subframe periodicity, and offset.

Proposal2: The S1/X2 signalling can be enhanced to support the interfering cell acquire subframe-level muting information.

Proposal3: Postpone the discussion of this issue until RAN1 has a definitive conclusion.
And we propose to send the corresponding reply LS to RAN1 as in [4].
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