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1. Introduction

The advantage of SFN dynamic configuration has been discussed in the past meetings. It is flexible and efficient for usage of radio resource, especially for some mixed-carrier scenarios the vacated radio resources could be used for other purposes (e.g. unicast) when it is not used for SFN transmission. 
This paper further discusses and presents a cell-based dynamically configuration solution: For SFN area expansion only the eNBs in the edge of SFN area are involved and expansion will be triggered when a MBMS UE enters/leaves an eNB in the edge of SFN area. For SFN area shrinking periodical counting will be used.
2. Discussion
2.1. Creation/ shrinking of SFN area
For initial SFN area creation, two options should be considered. One is based on O&M configuration, i.e. MCE creates a SFN area made up of eNBs which are configured by O&M. The other is based on the existence of joined UE in eNBs, i.e. MCE creates a SFN area made up of the eNBs in which scope MBMS users exist.
For shrinking of SFN area, MCE should know the existence of MBMS users in the involved eNBs, this could be reached by counting, and counting can be unfrequent (e.g. be triggered by timer or event). MCE can decide whether to shrink the SFN area according to the UE numbers in eNBs. (In addition, it is possible that periodical counting can provide non real-time audience number statistics for operators in cell level)
2.2. Expansion of SFN area
For expansion of SFN area, when UE moves across eNBs, the MBMS service continuity should be ensured. It demands that the target eNB has already prepared for the SFN transmission before UE camps on it. UE mentioned below is MBMS activated. 
Two possible expansion alternatives are given as below. And only eNBs in the edge of a SFN area are involved. These eNBs will broadcast some information in MCCH/BCCH that could indicate they are being in the edge of SFN area, i.e. they are neighboring on one or more eNBs in the guard area. For one SFN area, when UE (independentof LTE_idle or LTE_ACTIVE) enters or leaves the edge of SFN area, UE will send a message to notify the MCE. MCE decides whether to trigger an expansion procedure.
So it is needed that every eNB should know whether it is being in the edge of SFN area. One possible way is that MCE stores an eNB geography distribution table and indicates whether the eNB is being in the edge of SFN area when the eNB setups SFN transmission. 
2.2.1. Alternative 1: Expansion triggered when UE enters the edge of a SFN area from the internal SFN area 
For alternative1, independent of LTE_idle or LTE_active, once an UE recognizes it has entered the edge of a SFN area, it will send an Expansion Request Message to MCE immediately, and then MCE will decide whether to trigger an expansion procedure. The scenario is illustrated in Figure1:

[image: image1]
The detailed procedure is depicted in Figure 2 as below.

[image: image2]
1, eNB1 (which denotes an eNB in the edge of a SFN area) broadcasts some information in MCCH/BCCH that denotes it is being in the edge of the SFN area.
2, when an UE enters eNB1 from the internal SFN area, it recognizes that the eNB1 is being in the edge of a SFN area and then sends an Expansion Request Message immediately to the eNB1.
3, eNB1 forwards the message to MCE.
4, MCE decides whether to trigger an expansion procedure.

5, MCE sends Expansion Response Message to eNB1, and then eNB1 stops to send the information that denotes it is being in the edge of the SFN area.

6, eNB1 sends Expansion Response Message to the UE.

7, if MCE decides to expand, MCE sends Expansion Indication Message (with parameters of radio resource allocation) to eNB2 (which denotes the eNB that will be expanded). Normally, all eNBs in the guard area surrounding the eNB1 will be added into the SFN area, and these eNBs will start to broadcast some information that denotes they are being in the edge of the SFN area.

8, eNB2 sends Expansion Indication Response Message to MCE.

9, eNB2 registers in the upper node for multicast.

10, MCE sends Coordination Indication Message to eNB3 (which denotes the eNB in the new guard area) to restrict the usage of related radio resource for interference considerations.

11, eNB3 sends Coordination Indication Response Message to MCE.

2.2.2. Alternative2: Expansion when UE leaves the edge of a SFN area for guard area
In alternative2, an expansion procedure is divided into LTE-idle UE case (being the same as in alternative 1) and a separate LTE-active UE case as described below. The scenario is illustrated in Figure3.

[image: image3]
For LTE-idle UE, once it recognizes it is doing a cell-selection procedure in the edge of a SFN area, it sends an Expansion Request Message with the parameters of “target eNB id” immediately to the MCE, and then the MCE decide whether to trigger an expansion procedure. The procedure is same as Figure2 in alternative 1.
For LTE-active UE, once it recognizes that its current eNB (source eNB) is being in the edge of a SFN area, an expansion flag will be carried in the Measurement Report Message in the handover preparation procedure. After source eNB selects a target eNB to handover, it will send an Expansion Request Message with the parameter “target eNB id” to the MCE, and then MCE decide whether to trigger an expansion procedure. 

The procedure is depicted in Figure 4 as below:

[image: image4]1, eNB1 broadcasts some information in MCCH/BCCH that denotes it is being in the edge of a SFN area.

2, For LTE-active UE, it recognizes that the eNB1 (source eNB) is being in the edge of a SFN area and then in the handover procedure an expansion flag is carried in the Measurement Report Message.

3, eNB1 sends an Expansion Request Message with the parameter “target eNB id” (eNB2) to inform the MCE.

4, MCE decides whether to trigger an expansion procedure.

5, MCE sends Expansion Response Message to eNB1, and then eNB1 stops to send the information that denotes it is being in the edge of the SFN area.
6, if MCE decides to expand, MCE sends Expansion Indication Message (with parameters of radio resource allocation) to eNB2 (which denotes the eNB that will be expanded). Normally, all eNBs in the guard area surrounding the eNB1 will be added into the SFN area, and these eNBs will start to broadcast some information that denotes they are being in the edge of the SFN area.

7, eNB2 sends Expansion Indication Response Message to MCE.

8, eNB2 registers in the upper node for multicast.

9, MCE sends Coordination Indication Message to eNB3 (which denotes the eNB in the new guard area) to restrict the usage of related radio resource for interference considerations.

10, eNB3 sends Coordination Indication Response Message to MCE.
2.2.3. Comparison of the two expansion alternatives
	
	Alternative1
	Alternative2

	Pros
	1, simple, independent of unicast mobility and UE states
2, better SFN gain for neighbour eNBs and service continuity
	1, cell-level radio resource usage

	Cons
	
	1, complexity increasing due to unicast mobility procedure involved


Table 1
Form the analysis, Alternative1 is preferred.
2.3. Summary and Comparison 
For the convenience of comparison, we name this paper’s solution as solution A and other solutions as solution B and C. 
Solution A: 
Solution A is presented in this paper. For SFN area expansion (section 2.2.1 Alternative 1 is preferred) only the cells in the edge of SFN area are involved, an expansion procedure will be triggered when a MBMS UE enters/leaves an eNB in the edge of SFN area. For SFN area shrinking periodical counting could be used. 
Solution B: 
Solution B is cell-based SFN area configuration based on counting completely, i.e. the MBMS UE numbers in eNBs could be got by the counting procedure, and expansion or shrinking will based on the UE numbers.
Solution C: 

TA-based SFN area configuration has been mentioned in [4], it could be achieved by TAU procedure without counting.
Table 2: Comparison of each Solution
	
	Solution A
	Solution B
	Solution C

	Radio resource usage efficiency
	cell level usage
	cell level usage
	TA level usage, radio resource waste because maybe there are no MBMS UE in many eNBs in the expanded TA(especially for the fresh expanded TA)

	Counting
	unfrequent, needed for shrinking.
	Frequent, needed for expansion and shrinking
	not needed

	CN involved 
	Not involved
	Not involved
	Involved

	Speed of switch on MBMS when expansion
	quick
	slow
	quick


From the Comparison above, solution A has a high efficiency for radio resource usage and CN not involved, it is quick for switch on MBMS when expansion, counting is needed but it is not very frequent, it can be configured by demands.
3. Conclusion

As discussed above, some conclusions can be reached:
1) For consideration of expansion efficiency, only eNB in the edge of SFN area should be involved.

2) SFN area expansion procedure principle: 

an eNB in the edge of SFN area sends a signaling message to MCE due to UE moving across eNBs; MCE decides whether to expand and which cells will be expanded; MCE allocate the radio resource for the eNB to be added into SFN area and restrict the eNB in the new guard area because the same resource is used in the corresponding SFN Area; the eNBs which are added into SFN area will be registered in the upper node for MBMS data distribution tree.
3) MCE should store an eNB geography distribution table to indicate whether the eNB is in the edge of SFN area when the eNB setups SFN transmission.
4) Counting is needed for shrinking of SFN area, and it could be triggered by timer or other events which is unfrequent.
4. Proposal
It is proposed to capture agreeable parts from the discussion in the study area of RAN3 TR. Huawei is willing to prepare necessary revisions.
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