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1. Introduction

The E-MBMS deployment scenarios were proposed in RAN2# 56 [1]. Two out of nine scenarios are immediately agreed and it was agreed that further discussion is required. The scenarios and radio efficiency of different transmission modes are analyzed in RAN1 and RAN2 [2]. Initial results are available from RAN1 in [3]. In last joint meeting of SA2/RAN2/RAN3, new working assumptions are agreed. With this information, the scenarios and phasing issue can be discussed.
2. Discussion
The possible transmission modes of E-MBMS include
· PTP

· Single-cell PTM with feedback

· SFN PTM. Single-cell PTM without feedback can be taken as a special case of SFN PTM.

2.1. PTP vs. Single-cell PTM

The efficiency of the above transmission methods are discussed in RAN1, and some simulation results are given [2][3][4]. In the case of small number of UEs, the PTP may be better than SFN PTM for single-cell transmission.  But with feedback single-cell PTM could be always equivalent or better than PTP. PTP transmission is not efficient when there is large number of UEs according to the simulation in RAN1. Thus, if PTP needs to be supported, the PTP, PTM switching needs to be supported. 
Currently, it is agreed that there is no MBMS UE context in EPC, so PTP might be different from Rel6 in that NAS signalling would not be used for PTP delivery. Further, there would be one SAE bearer mapping to multiple PTP radio bearers.
The feedback of Single cell PTM may use different uplink channel and mechanisms, compared to PTP, so the switching involves the uplink channel establishment/release. The feedback information may also be used for the switching, so counting could be avoided for the switching between PTP and Single Cell PTM with feedback. When switching between PTP and SFN PTM (or single-cell PTM without feedback), counting is needed and different RRM termination would be adopted. 

If PTP is not supported in the first phase, it will be excluded in the later phase due to the difference of MBMS PTP bearer and unicast bearer which is assumed to be associated with NAS signalling. Hence if PTP would need to be supported in a later release, it must be supported in the first release itself.  However, the need for PTP is still FFS.
If switching between PTP and SFN PTM can be delayed to the later phase, counting procedure could also have been avoided. However, if counting is not supported, the switching may be only applicable from SFN PTM to single-cell PTM with feedback and then to PTP.
2.2. Dynamic SFN

For SFN PTM, if the cells that do not have UEs can mute, it is potentially beneficial to reduce the interference and enable the resource reuse. However, the benefit is limited for some scenarios.
On the one hand, it may not be possible for certain E-MBMS service that can just use the resource saved by another E-MBMS due to dynamic SFN. It most cases, overlapping of SFN areas may happen if they share the same radio resource. Thus the bottleneck for resource allocation remains, e.g. at hotspots. For the mixed carrier, the gain of dynamic SFN may not be so large. The reason is that resource bottleneck might be the hotspot, but it may not be possible for E-MBMS service that the interest UEs are all outside the hotspot.

The dynamic SFN may result in different topologies of the SFN Area. For some topologies, the spectrum may be near the general SFN performance, i.e. Topology A. However, for some other topologies, the performance may drop near the single-cell SFN PTM. Thus the dynamic SFN may have the risk of performance variation, which requires the MCS adaptation dynamically. When the resource is used by other E-MBMS or unicast services and when the SFN Area needs expand, resource coordination and interference coordination between E-MBMS and unicast services is needed. This brings some complexity.
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Figure 1 Different topologies
On the other hand, if dynamic SFN is not supported in the first phase, how to support the legacy UE is an issue when it is introduced later. Hence, dynamic SFN can be put into later phase, with polling supported in the initial phase; otherwise there will be some limitation or restrictions on the application of dynamic SFN in the future.
2.3. On/off control

On/off control seems quite useful in single-cell transmission, because it brings less complexity for resource coordination when single-cell transmission shares the radio resources with unicast, although the polling procedure is needed.
If the simulation result in RAN1 shows that the threshold of the PTP, PTM switching is only one UE, only polling instead of counting is needed. If on/off control is not supported in initial phase, it can be implemented through the counting procedure.
2.4. Single-cell PTM and SFN PTM

If there are several cells, each cell can use single-cell PTM or composes a SFN using SFN PTM. SFN is definitely the most efficient transmission method when there considerably continuous SFN cells. The spectrum efficiency of single cell PTM goes down with the increasing number of UEs, and SFN PTM has higher spectrum efficiency when increasing the number of sites. Currently, the switching threshold is undecided by RAN1. 

Current understanding is that single-cell PTM could be totally controlled inside eNB, which does no coordination with other cells. However SFN needs coordination (MCE), synchronization. If HARQ is used, MBMS may map to DL-SCH. However, SFN MBMS would map to MCH. They may use different interference coordination algorithms. Thus, the single-cell PTM and SFN PTM are quite different. The switching between single-cell PTM and SFN PTM includes the RRM termination and may use different RLC/MAC entities, resynchronization between eNode Bs. Therefore, there may be performance degradation during the switching. To support the switching, counting is needed, and the counting results should always be reported to MCE.

One operator may choose to transmit SFN PTM on the dedicated carrier, while single-cell PTM on mixed carrier. Hence, the service may switch between single-cell PTM and SFN PTM will be from dedicated carrier and mixed carrier. The evaluation and procedures seems quite complicated. 
The resource for SFN PTM is known by MCE, but what’s for single-cell PTM is only known by eNB. Hence, if after switching, single-cell PTM uses the same resource with SFN PTM, a report on resource allocation to MCE is needed.
Therefore, the support of switching between single-cell PTM and SFN PTM may be considered only in later phases. There is no impact on the legacy UEs, if counting procedure is supported in initial phase. 
3. Conclusion

In this document, the E-MBMS transmission modes and deployment scenarios are discussed. According to the analysis, there is some complexity in the switching between different transmissions modes. Phasing the E-MBMS standardization needs to be considered.
What can be phased are:

1. Network side support of switching between PTP and SFN PTM

2. Switching between single-cell PTM and SFN PTM

3. Dynamic SFN, depending on whether counting or polling procedure is supported in the initial phase.

What can not be phased (whether need to be excluded totally is beyond this paper):

1. Support of PTP

2. Counting/polling procedure.
3. Support of uplink feedback in single-cell PTM for HARQ or AMC.
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