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1 Introduction
In RAN1#77 meeting, RAN1 sent an LS to RAN3 about the status of Radio-interface based synchronization [2]. The following agreements on Radio-interface based synchronization (RIBS) was made in RAN1.
	1. Overall Description:
RAN1 has agreed the following in RAN1 #77 on radio interface based synchronization.

· For network listening, the following RS pattern is supported by configuration 

· CRS only 

· The number of CRS ports can be 1 or 2 

· CRS and PRS 

· The number of CRS ports can be 1 or 2 

· The eNB should use one periodicity and offset of network listening RS that can be selected from the following recommended range of values

· A range of values (>=2) for the periodicity 

· Choose all or a subset from [1280ms, 2560ms, 5120ms, 10240ms] 

· There is no consensus in RAN1 on the additional periodicities of 640ms and 20480ms

· Values of offsets FFS

· The max number of hops is kept at 3. 

2. Actions:

To: RAN3

ACTION: RAN1 sincerely asks RAN3 to take all of RAN1 agreements including [1] into consideration in the specification. RAN1 also sincerely asks RAN3 to decide the periodicities and values of offset(s), and to decide the means by which the periodicities, offsets and RS patterns will be assigned to and/or exchanged between the relevant nodes.


According to the LSin from RAN1, we can split the issues as two parts. 

-  Configuration of network listening RS (LRS) 

It includes LRS type, radio-frame periodicity, radio-frame offset, sub-frame allocation and number of stratum levels, there is no doubt on the definition on LRS type, periodicity from RAN1. And the stratum level is 4 which is aligned with the current definition in S1 AP. Values of offsets is FFS.
-  Signalling design 
Whether and how to specify RIBS signalling via S1/X2 interfaces shall be investigated. 

In this contribution, we give the analysis and solutions on how to support RIBS.
2 Discussion
2.1 Introduction on synchronization scenario  
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Figure 1 Scenario of small cells listening to small cells
As shown in Fig.1a, when SeNB_1 listens to SeNB_2, we call that SeNB_1 cell the target cell of synchronization, SeNB_2 cell the source cell of synchronization and SeNB_3, SeNB_4, SeNB_5 cells the neighbouring interference cells. Based on the agreements before, SeNB_1cell (the target cell) needs to acquire the listening RS(s) configuration information 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 Fig.1b. Note that the muting pattern may be the same as the listening pattern.
Based on the discussion in last meeting, several solutions of acquiring synchronization information had been evaluated in [3].  In general, all the solutions could be classified as OAM-based solution and signalling-based solution. 

With OAM-based solution, since it needs lots of manual maintenance work to find the source cell and the LRS configuration information of the source cell for the target cell, it is difficult for the OAM system to know which cells are the synchronization source cells at the beginning of the deployment of the network which shall be based on the actual signal measurement result. If the target cell doesn’t know the LRS configuration information of the source cell, the target cell may take a long time to measure the LRS in order to find a suitable source cell based on blind detection of the LRS sub-frames which will increase the complexity and the energy consumption of the target cell. 
Furthermore, the OAM system may not know whether the cell is the neighbouring interference cell of other cells, it may mute all the possible LRS sub-frames when muting is needed, which again will cause resource waste.

Lastly, OAM-based solution is lack of feasibility. Because the network load and radio link status will change in real-time, e.g., some eNBs may turn on/off frequently, which will have an effect on the synchronization relationship between the source cell and target cell. It is quite difficult for OAM to monitor such kind of change dynastically; lots of manual maintenance work cannot be avoided.

On the other hand, with signalling -based solution, the target cell can acquire the newest LRS configuration information of the source cell. If the source cell adjusts the LRS pattern due to the traffic variation, the target cell can acquire synchronization information of the source cell immediately which can avoid the target cell searching the LRS sub-frames blindly. If the target cell suffers the interference from the neighbouring cells when listening the synchronization signal, it can send the muting pattern to the neighbouring cells right away. Then the neighbouring interference cells of the target cell can perform muting in the muting sub-frame. 

Base on the analysis above, signalling-based solution is better than OAM-based solution. 

Proposal1: The eNB acquires synchronization information from the relevant nodes via backhaul interfaces.

2.2 Configuration of network listening RS
The small cell needs to stop transmitting for a sub-frame for synchronization in order to minimize the impact on UEs, one fully backward compatible scheme is that the small cell declares this sub-frame to be an MBSFN sub-frame. Based on this consideration, the sub-frames used for listening RS for synchronization can be configured as MBSFN sub-frame. 
On the other hand, if the eNB is involved in the transmission of eMBMS service, the LRS configuration of the eNB needs to avoid occupying the MBSFN sub-frames.  In addition, if the eNB does not have the flexibility to configure LRS sub-frames, it may cause more constraints on the sub-frame configuration. 
Based on the above analysis, we think the LRS sub-frames configuration should be determined by the eNB and could be configured as MBSFN sub-frame.
Proposal2: The LRS sub-frames configuration should be determined by the eNB and could be configured as MBSFN sub-frames.
The proposed LRS-SubframeConfig IE is expressed as Table1： 
                                                                          Table1
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	LRS Subframe Info
	
	0 .. <maxnoofMBSFN>
	
	
	GLOBAL
	ignore

	>Radioframe Allocation Period
	M
	
	ENUMERATED(n128, n256, n512, n1024)
	Value n128 for radioframeAllocationPeriod denotes value 128, n256 denotes value 256, and so on.
	–
	–

	>Radioframe Allocation Offset
	M
	
	INTEGER (0..7)
	Radio-frames that contain LRS subframes occur when equation SFN mod radioFrameAllocationPeriod = radioFrameAllocationOffset is satisfied.
	–
	–

	>Subframe Allocation
	M
	
	BITSTRING (SIZE(6))
	Defines the subframes that are allocated for LRS within the radio frame allocation period defined by the radioFrameAllocationPeriod and the radioFrameAllocationOffset. 
A bitmap indicating LRS subframes allocation in radio-frames, “1” denotes that the corresponding subframe is allocated for LRS.
The bitmap is interpreted as follows:
FDD: The first/leftmost bit defines the LRS allocation for subframe #1, the second bit for #2, third bit for #3 , fourth bit for #6, fifth bit for #7, sixth bit for #8.
For TDD configurations 1~6: The first/leftmost bit defines the allocation for subframe #3, the second bit for #4, third bit for #7, fourth bit for #8, fifth bit for #9. Uplink subframes are not allocated. The last bit is not used. 
For TDD configurations 0: The first/leftmost bit defines the allocation for subframe #0, the second bit for #1, third bit for #5, fourth bit for #6. The last two bits are not used.
	–
	–

	>PRSSupport                           
	M
	
	BOOLEAN
	“0” denotes that the PRS is not used for LRS, “1” denotes that the PRS is used for LRS.
	–
	–

	>CRSportsNumber
	M
	
	INTEGER (0,1)
	“0” denotes that the number of CRS ports is 1; “1” denotes that number of CRS ports can is 2.
	–
	–


Since the maximum periodicity of MBSFN is 320ms, so the periodicity of network listening RS can be designed as an integer multiple of 320ms. Meanwhile, according to RAN1 LS, the following agreed [1280ms, 2560ms, 5120ms, 10240ms] could be the candidate set of periodicity. 

Proposal3: The LRS configuration information can be defined as Table1.

2.3 Signalling design  
According to TS36.413 [4], the Time Synchronization Info IE carried in ENB/MME CONFIGURATION TRANSFER message is transferred via S1 interface.

In order to minimize the standard impact, the LRS configuration transferred via S1 interface is proposed, e.g., extend ENB/MME CONFIGURATION TRANSFER message. 
	IE/Group Name
	Presence
	Range
	IE type and reference

	Synchronization Info
	
	
	

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

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

	>Synchronization LRS
	O
	
	LRS-SubframeConfig information


The process signalling is shown as in Figure 2:

After SeNB_1 detects SeNB_2's synchronization signal and selects it as a candidate source cell, SeNB_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 SeNB_2 with the MME CONFIGURATION TRANSFER message.
When 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 SeNB_1 may detect more than one synchronization signals from multiple small cells, such as SeNB_3 as shown in Figure 2, after acquiring their stratum levels, sync status and listening pattern, SeNB_1 tries to select the cell with the lowest stratum level and appropriate listening pattern as its synchronization source cell. If SeNB_1 selects SeNB_2 as its source cell, then SeNB_2 gets the synchronization acknowledgement from SeNB_1 as shown in step5~step6. 
According to the below agreements in RAN1#76 meeting:

	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.



SeNB_2 (a candidate source cell) may turn on/off due to the traffic variation, from the agreements above we can know that the source cell shall not turning off listening RS when it’s off, but if SeNB_2 doesn’t know whether there is any cell listening to itself, it couldn’t know whether it can stop sending LRS or not. For example, if there exists a cell (e.g., SeNB_1) listening to SeNB_2 and SeNB_2 is the only candidate source cell of SeNB_1, but SeNB_2 stops sending the LRS, then SeNB_1 can’t find any cell for synchronization. On the other hand, if there is no cell listening to SeNB_2 but SeNB_2 still sends the LRS, it may cause unnecessary interference to other cells. Therefore it is useful for SeNB_2 to get the synchronization acknowledgement from SeNB_1.
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Figure 2 Sync procedure by S1-AP
Proposal4: The S1 signalling can be enhanced to support the synchronization target cell acquiring LRS(s) information, e.g., extend ENB/MME CONFIGURATION TRANSFER message.

Proposal5: The synchronization source cell needs to get the synchronization acknowledgement from the synchronization target cell
Furthermore, in order to improve the hearability, for example, when SeNB_1 is listening to SeNB_2, SeNB_1 can try to tell the neighbouring cells such as SeNB_3 not to transmit any signal on SeNB_1's listening pattern, so SeNB_1 needs to tell the neighbouring cells the muting pattern information. Since the muting pattern is used to avoid interference, it can be transferred by extending the load information message via X2 interface as shown in Figure 3.
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Figure 3: Load Indication 
Proposal6: The X2 signalling can be enhanced to support the interfering cell acquire subframe-level muting information, e.g., extend Load information message.
3 Conclusion

According to the above analysis, our views on how to support RIBS in Rel12 are provided. We propose:

Proposal:  The eNB acquires synchronization information by the relevant nodes via interfaces, such as S1 interface and X2 interface.

Proposal2: The LRS sub-frames configuration should be determined by the eNB and could be configured as MBSFN sub-frames.

Proposal3: The LRS configuration information can be defined as Table1.

Proposal4: The S1 signalling can be enhanced to support the synchronization target cell acquiring LRS(s) information, e.g., extend ENB/MME CONFIGURATION TRANSFER message.

Proposal5: The synchronization source cell needs to get the synchronization acknowledgement from the synchronization target cell.
Proposal6: The X2 signalling can be enhanced to support the interfering cell acquire subframe-level muting information, e.g., extend Load information message.
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