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1   Introduction 
RAN3 received LS from RAN1 regarding the support for radio interface based synchronization. This contribution discusses the impact to RAN3 and possible way forward. 
2   Detailed analysis 
RAN1 LS ([2]) request following actions

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.
Before deciding the periodicities and values of offset(s), it is better to discuss how the eNB gets the listening RS information first. 

2.1   How can eNB get the listening RS information for intra-operator case
There are several possible options:

· Option 1a: the eNB know the listening RS information from OAM
Listening RS related information is configured by OAM, just like the configuration for other eNB related parameters, e.g. MBSFN configuration in network listening mode in Rel-9. 
· Option 1b: the eNB know the listening RS information via signaling procedure
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Figure 1 – Example for S1 based solution
The eNB initiates S1/X2 procedure to retrieve the RS information of the candidate eNB. Using S1 procedure is shown as above. One may argue this solution allows the candidate eNB to select its own RS configuration. The result is the eNBs with same stratum level may have different RS configuration. But it is unclear why this is needed. First, the different RS configuration of the same stratum level does not help the synchronization. Second, the different RS configuration consumes more resource. When muting is required, the interference cell has to mute more subframes. The overhead will be significantly high in dense small cell deployment. So the only benefit of this solution is to avoid the OAM configuration. 

2.2   How can eNB get the listening RS information for inter-operator case
RAN1 LS([1]) states
Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded. 
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Figure 2 – Example for inter-operator synchronization
The inter-operator synchronization may be required when an operator deploys a small cell in a site that does not have neighboring cells from the same operator. In above example, Operator B deploys SeNB21 that needs to synchronize to SeNB11 from Operator A. Later on, Operator B deploys another small cell (or macro cell) near SeNB21. SeNB21 synchronize to SeNB22 due to its smaller stratum level. So the inter-operator synchronization may change from time to time. 
· Option 2a: the eNB know the listening RS information from OAM 
For example, Operator A need to have agreement with Operator B in order to know the RS information in Operator B’s network, then configures Operator A’s eNBs. 
· Option 2b: the eNB know the listening RS information via signaling approach
Due to difficultly to have signaling interface between operators only for synchronization, Option 2b is not considered for inter-operator. 
In a summary, there are following combinations for intra/inter-operator:
	
	Intra-operator
	Inter-operator

	Solution 1
	OAM based solution
	OAM based solution

	Solution 2
	Signaling based solution
	OAM based solution


Solution 1 is quite straightforward. The eNB only need to support OAM solution no matter whether it is intra-operator or inter-operator.
Solution 2 may saves OAM effort for intra-operator case, but it makes inter-operator synchronization very difficult. In above example, both operator A and Operator B use signaling based solution for intra-operator, for Operator A, the eNBs with same stratum level may use different RS configuration. Operator A has to use OAM to retrieve the RS configuration from each eNB, then provide this information to Operator B. Operator B has to manually configure each cell with all neighboring cell’s RS configuration of operator A, more signalling exchanges between cells and OMA of operator A are required, which will cause the synchronization delay. Furthermore this also requires careful maintenance in case Operator A’s cells change RS configuration. From Operator B’s perspective, the eNB has to support both OAM based solution (for inter-operator) and signaling based solution (for intra-operator). This complicates the eNB implementation.  

So it is preferred that OAM configures the listening RS information in the eNB for both intra-operator and inter-operator. SA5 should be consulted on how to configure the listening RS information in the eNB, and determine the RS periodicities and values of offset(s). 
Proposal 1: OAM configures the listening RS information in the eNB, and send LS to SA5 asking to define listening RS pattern, periodicities and offset(s). 

Proposal 2: for inter-operator case, it is preferred to get the listening RS related information via OAM configuration. 

2.3   Muting 
To improve the hearability, muting may be needed. In below example, the cell(s) of SeNB3 and SeNB4 need to be muted in order to facilitate the SeNB2’s listening.
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Figure 3 – Example for muting
Regarding on how to initiate the muting, there two options:

· Option 3a: Auto muting - Mute based on neighboring cell info (stratum level, sync status)

There is no signaling to trigger the muting. The eNB performs muting based on the neighboring cell information, or mute for subframes used by all stratum level. In above example, SeNB4 knows SeNB2’s stratum level is 2, then mute subframes used by Stratum level 1 and 2. In case the SeNB4 does not know the stratum level of neighboring cells, it may mute for subframes used by all stratum level.
· Pros: not requiring standard changes. All possible subframes of different stratum levels are protected. 
· Cons: muting subframe of a specific stratum level may be unnecessary. For example, if no cell sync to SeNB2, muting for subframes related to stratum level 2 is useless. 

· Option 3b: Requested muting – target cell informs the neighboring cell to mute for specific stratum level

The target eNB initiates signaling to request the interference cell to be muted. In above example, SeNB2 requests SeNB3 to mute for subframes used by Stratum level 1. 
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Figure 4 – Target requested muting

1.
SeNB2 power up. 

2.
SeNB2 initiates eNB Configuration Transfer procedure to retrieve SeNB1’s sync status. The eNB Configuration Transfer message is enhanced to include the muting information. 

3.
MME sends the MME Configuration Transfer message to SeNB1. The MME Configuration Transfer message is also enhanced to include the muting information. 

4.
SeNB1 replies with Sync status. 
5.
MME sends the MME Configuration Transfer message to SeNB2

6.
SeNB2 initiates similar procedure (Step 2-5) to retrieve SeNB3’s sync status, and request SeNB3 to mute.

7.
SeNB 1 and SeNB3 perform muting for subframes related to all stratum levels except the one for its RS transmission.

8.
SeNB2 selects synchronization source and sync to SeNB1 (let’s assume SeNB1’s stratum level is 1)

9.
SeNB2 initiates eNB Configuration Transfer procedure to inform SeNB1 and SeNB3 for the refined muting. The Muting Stratum info IE is set to only mute subframes for Stratum level 1. 

10.
MME sends the MME Configuration Transfer message to SeNB1 and SeNB3. 

11.
SeNB3 perform muting only for subframes related to Stratum level 1. SeNB1 stops the muting for subframes related to other stratum levels.
This solution requires changes to RAN3 spec, e.g. new IE to current SON Information Transfer.

· Pros: more efficient, i.e. only subframes in requested specific stratum level are muted and no additional resource wasted.

· Cons: When an eNB power on, the subframes used by sync source are not protected. The sync performance will be affected. The worst case is eNB could not find the sync source. In the example, if the interference from SeNB3 is very strong, SeNB2 may not be able to sync to SeNB1. Thus the SeNB2 need to request the SeNB3 to mute for all stratum levels (except the one for its RS transmission) for initial synchronization. In the sync tracking stage, there is no problem, eNB will send the sync info to neighboring cells, and related subframes could be protected. In the example, SeNB2 request SeNB3 to protect the subframes in Stratum 1 after it sync to SeNB1. 
In a summary, the requested muting is better than the Auto-muting due to more efficient resource usage. 
Proposal 3: RAN3 introduce the requested muting.
The interference eNB(s), e.g. eNB3 in above example, needs to know following information in order to perform muting

· Which cell(s) need to be muted
· Muting pattern or Stratum level 

Knowing the stratum level may be enough. For example, when SeNB4 knows the stratum level of SeNB2 is 2, it can mute the subframes related to stratum level 1 to avoid interference for SeNB2’s listening. 
· “stop” muting indication. 
It is unclear whether the “stop” muting indication is needed, for example, when the target cell is gone or sync to another eNB with less stratum level. This may also be solved by the implementation. In case SeNB2 is gone, SeNB4 can know it via ANR (e.g. did not detect SeNB2 for a while). In case SeNB2 sync to another eNB with less stratum level, SeNB4 can know it if SeNB4 periodically initiates SON Information Transfer procedure to check SeNB2’s sync status.
Proposal 4: RAN3 introduce the enhancement to include the Muting Request information in the eNB/MME Configuration Transfer message. The Muting Request Info includes the cells to be muted, and related stratum level.
3   Conclusion and Proposals
This contribution analyzed the indirect X2 setup failure and possible solutions. Our proposals are:

Proposal 1: OAM configures the listening RS information in the eNB, and send LS to SA5 asking to define listening RS pattern, periodicities and offset(s). 

Proposal 2: for inter-operator case, it is preferred to get the listening RS related information via OAM configuration. 

Proposal 3: RAN3 introduce the requested muting.

Proposal 4: RAN3 introduce the enhancement to include the Muting Request information in the eNB/MME Configuration Transfer message. The Muting Request Info includes the cells to be muted, and related stratum level.
A draft reply LS is prepared in ([3]). The draft Stage-3 CR is prepared in ([4]).
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6. SeNB2 Initiates SON Procedure to retrieve SeNB3's sync status, and also requests SeNB3 to mute for subframes related to all stratum level (Similar to Step 2 – 5)
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