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1 Introduction

In the RAN3#53bis meeting, resource usage optimisation for mixed carrier configurations was discussed, and the following points are still open:
· for SFN operation, resource usage optimisation is performed by:

· simple, O&M assisted, semi-static SFN area configuration adaptations, or
· supported by feedback/counting (or other methods), i.e. switching on/off transmission in SFN sub areas
· support of UE mobility (in terms of adaptation of SFN area) during an MBMS session
· usage of CN assisted optimisation
In this contribution, we propose TA-based SFN area concept for resource usage optimisation for mixed carrier configurations. We discuss how SFN area is configured, how it can obtain joined UEs location, and how it can be applied to UE mobility during an MBMS session.
2 Discussion
2.1 Resource usage optimisation

As discussed in the last meeting, there are two ways for resource usage optimisation, i.e. (semi-)static SFN area configuration assisted by O&M and dynamic SFN area configuration supported by some feedback mechanisms.
In a (semi-)static SFN area configuration assisted by O&M, some user distribution patterns could be used for SFN area adaptation. However, if the prospective SFN area is smaller than actual user distribution at a certain moment, the users outside the area cannot receive the service. Or if larger, it leads to radio resource waste. Hence, we believe that it is necessary to consider a dynamic SFN area configuration supported by some feedback mechanisms for resource usage optimisation for mixed carrier configurations.
2.2 Dynamic SFN area configuration
2.2.1 Cell-based SFN area configuration
For cell-based SFN area configuration, configuring the cells which serve UEs that have joined the MBMS service and its surrounding cells as an SFN sub area; it is necessary to perform counting rather frequently to know joined UEs existence per cell. In addition, it is necessary to signal the information on radio resource assignment whenever the cell distributions in which there are joined UEs is changed due to UE mobility.
2.2.2 TA-based SFN area configuration
2.2.2.1 Principle
Figure 1 shows an example of TA-based SFN area configuration. The principle of this concept is to configure certain TA and its surrounding cells as an SFN sub area. The reason why the surrounding cells join the SFN transmission is to obtain the gain by SFN also in the edge of TA. An SFN area consists of a group of SFN sub areas in which there are joined UEs. MBMS data using SFN operation is transmitted only to the SFN sub areas. It is generally known that modulation and coding scheme (MCS) which could be selected for the service would be limited in much localised, e.g. a few cells, SFN transmission. We expect that the size of TA will be large enough for obtaining the gain of SFN transmission.
In this concept, Multi-cell/multicast Coordination Entity (MCE) allocates the same radio resources to all the SFN sub area in advance so that resource re-assignment does not occur at the time of switching on/off of SFN transmission to SFN sub area. In addition, the MCE indicates the radio resources to be used for multi-cell MBMS transmission in SFN operation; there is no negotiation with eNBs. Hence, if the eNBs have already allocated the radio resources to unicast or non-SFN services, the eNBs shall re-allocate other radio resources to them based on their QoS parameters.
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Figure 1 Example of TA-based SFN area configuration
2.2.2.2 Support of UE mobility

In this concept, switching on/off of SFN transmission is done per TA-based SFN sub area, and joined UEs are known on TA level by Tracking Area Update (TAU) procedure. UE mobility is handled by TA level by TAU, and no signalling other than TAU is needed, i.e. no counting is performed to support UE mobility.

Figure 2 shows an example of how TA-based SFN area concept can be applied to UE mobility during an MBMS session. If a joined UE moves from current SFN sub area (TA4) to new SFN sub area (TA6), this concept provides service continuity to the UE as follows:
1. The joined UE sends Tracking Area Update message when the previous Tracking Area is no longer valid. Service continuity is guaranteed at this moment because the surrounding cell is also configured as a part of SFN sub area.
2. MME notifies to an MCE the new TA (TA6) that should join in SFN operation while responding with Tracking Area Update Confirm message to the UE.
3. The MCE activates the configuration of the radio resources to be used for multi-cell MBMS transmission in SFN operation in all the eNBs in the SFN sub area (TA6 and its surrounding cells).
4. All the eNBs in the SFN sub area will join the IP multicast group which is used for S1 TNL for the service.
If step 4 described above is completed while the UE is still in the same SFN sub area, service continuity will be provided. For example, in case where it is assumed that the above-mentioned steps take 1 second, UE can move only about 100m even at 350km/h. Hence, we believe that TA-based SFN area concept can support service continuity of MBMS service during UE mobility in most deployment scenario. As a result, service continuity will be provided in any case that UE moves across a TA or a cell within a TA.
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Figure 2 Example of mobility support during an MBMS session
2.2.2.3 CN assisted optimisation
As CN assisted procedure, MME informs TA-list in which there are joined UEs to MCE and MCE activates the configuration of the allocated radio resources in all the eNBs in the SFN sub area. Hence, some CN assisted optimisations like these are required in this concept. However, such procedures are quite simple as what we have in Rel-6 MBMS: MBMS registration procedure and MBMS session update procedure [1].
2.3 Summary
The pros and cons for (semi-)static and dynamic SFN area configuration are summarized in the following Table 1.
Table 1 Comparison of each alternative
	Alternatives
	Pros
	Cons

	(semi-)static SFN area configuration
	· simple
· less standardization effort
	· radio resource waste (if users not exist)
· the users outside the prospective area cannot receive the service

	Cell-based SFN area configuration
	· cell level radio resource usage optimisation
· flexible service area planning
	· signalling load between MCE and eNBs due to dynamic cell-based SFN configuration
· counting is necessary

	TA-based SFN area configuration
	· TA level radio resource usage optimisation (see 2.1)
· flexible service area planning (see 2.1)
· no counting is performed (see 2.2.2.2)
	· some CN assisted optimisation is required (see 2.2.2.3)


3 Conclusion
In this contribution, we proposed TA-based SFN area concept for resource usage optimisation for mixed carrier configurations. We compared the configuration, resource efficiency, complexity and support for UE mobility during an MBMS session with (semi-)static and cell-based SFN area configuration and showed the advantages of our concept.
We propose RAN3 to study TA-based SFN area configuration for resource usage optimisation for mixed carrier configurations, and to capture agreeable parts from the discussion in the study area of RAN3 TR.
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