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1
Introduction
A number of previous RAN2 contributions assume the support of dynamic MBSFNs (i.e. switching the MBSFN transmission on/off as needed on per-cell, per-service granularity) and/or switching between MBSFN and single-cell transmission modes, as features supported on an LTE MBMS carrier shared with unicast. This contribution discusses some implications of supporting these features, some of which have been observed after e.g. the submission of [2].
2
Dynamic MBSFNs
By dynamic MBSFN, we mean that the cells of an MBSFN Area contribute to the MBSFN transmission at any given time only where required to provide sufficient coverage to all the UEs in the MBSFN Area that are interested in the particular service. In cells that are not required to contribute to the MBSFN transmission, the corresponding radio resources can be used for other purposes.
The main motivation behind the idea of dynamic MBSFNs is that where coverage for a certain MBMS service is not required, the corresponding radio resource can be reused for unicast traffic.
2.1 Radio resource reusability

In order to enjoy the radio efficiency benefits of MBSFN transmission, the transmission parameters (modulation, coding) must be chosen subject to the assumption of reception conditions improved thanks to the MBSFN gain. This implies that switching the MBSFN transmission off cannot simply be carried out independently by cells “empty” of UEs interested in the service, but rather, coordination over cells is needed to maintain the required MBSFN gain in cells where the service is needed. Such coordination is bound to introduce additional network complexity.

The number of neighbour cells that need to be kept transmitting due to MBMS users in the current cell depends on whether a simple polling –based approach or full measurement report –triggered approach to dynamic MBSFN management would be adopted, as discussed in [3]. Whatever the case, it is safe to say that a single empty cell is not enough to switch off the MBSFN transmission. In our view, a scenario where it often happens within an MBSFN area that several adjacent cells have no users interested in MBMS may be considered unlikely if the division of the MBMS service area to MBSFN area and single-cell p-t-m area is done properly. Hence, if the deployment is done with care, in our view the benefit of fully dynamic MBSFN areas over O&M-based semi-static configurations (that may still change, albeit slowly!) is questionable and should be better evaluated before adopting such complex schemes to the specifications.
We note that even though the MBSFN transmission in some cells could be turned off, the radio resources need to be prioritized for MBSFN so that whenever some user joins the service, i.e. switches a TV channel, starts the MBMS reception or moves to the coverage area of the cells that are turned off, a rapid network response can be ensured. This then means that likely the radio resources can not be counted to increase the effective capacity in the eNBs in terms of e.g. VoIP – they can still be used for some best effort unicast data or possibly retransmissions. Some problems relating to the reuse of the radio resources are discussed more in the next section.
2.2 Informing unicast UEs about reused resources 

Current understanding is that the MBSFN subframe allocation is signalled in the System Information and can not be changed very rapidly to take into account the changes due to dynamic MBSFN operation. Our assumption is that UEs not interested in MBSFN transmission may only read PDCCH in these subframes if they are not in DRX and are expecting some other control information than downlink allocations in those subframes. Hence, the intention to allocate reused MBSFN resources (subframes) to unicast UEs raises the question, how those UEs should be informed about these additional allocations. While extending those UEs to also check for downlink allocations is one option, such UEs (that are seeking for other than downlink allocation) may be too restricted a population to have enough pending downlink data to fully utilize the available reused resources. Another option is to mandate all UEs not in DRX to always read the L1/L2 control channel of also MBSFN subframes, but that may be wasteful from UE power consumption point of view. There remains the option of dedicated signalling informing UEs about the additional downlink allocations, but as a new functionality that, again, introduces additional complexity.
2.3 Switching on/off the MBSFN transmission in cells 
As mentioned, in a dynamic MBSFN, cells currently not transmitting the MBSFN must be able to switch back on rapidly enough to prevent service breaks from occurring to e.g. new appearing UEs due to mobility and channel switching. For this reason, keeping the network informed about such UEs must be based on UE-initiated announcements or requests, rather than periodical enquiries from the network, i.e.polling. In order to convey the necessary information, such UE-initiated announcements are likely to require the UEs to leave RRC_Idle state, which so far has been assumed the default state for MBSFN reception. One hypothetical way around this could be e.g. the simple solution of the UE transmitting on RACH a signature sequence continuously reserved for the service, but this would require one such sequence reservation per each separate service, which could seriously impact the space of sequences available for conventional RACH usage. Hence in our view, managing dynamic MBSFNs would require both UE-initiated service requests (or measurement reports) for turning more cells on when needed, as well as infrequent polling to turn the cells off based on some more conservative rule, such as that the cells can be only turned off when there are neither users in the cell nor in any of its neighbour cells.

We note that dynamic MBSFNs would in fact add one service continuity scenario to those agreed in [4] because in any given situation the network would need to ensure sufficient coverage to the UEs within the maximum MBSFN area. The conclusion is that the concept of a dynamic MBSFN departs from the current assumption of MBSFN being a simple arrangement allowing seamless mobility without any further supporting procedures and also allowing the receiving UEs to stay in RRC_Idle instead of utilizing RRC_Connected state for MBSFN reception.
3
Dynamic transmission mode switching
We define dynamic transmission mode switching as the network deciding for each cell the optimal choice of transmission mode between MBSFN and single-cell transmission, as a process repeated during the lifetime of an MBMS service/session, based on information it has extracted about the spatial distribution of UEs located in the Service area that are interested in the service. Dynamic transmission mode switching is motivated e.g. by a case where a service only needs to be transmitted in fairly isolated individual cells, and using single-cell transmission in those cells allows surrounding cells not to participate in the service transmission. Thus, while the time-frequency resources required to transmit the service in single-cell mode may be either greater or less than in MBSFN transmission thanks to uplink feedback, the number of cells required to spend those resources will be less.
Needless to say, a decision of switching between MBSFN and single-cell transmission mode, like that of switching MBSFN transmission on/off, also requires coordination over cells and has the corresponding network complexity implications.
Also the question of MBSFN subframe allocation is pertinent in this context. For unicast measurement reasons, information about the allocation of MBSFN subframes in any given cell not only needs to be given in the System Information of that cell, but also of neighboring cells. In order to be efficient, also transmission mode switching should keep up with temporal changes in the spatial UE distribution, but on the other hand, every change of MBSFN subframe allocation requires a coordinated change of system information in a group of cells.

As a final note, we remind that the Rel-6 switching between point-to-point and point-to-multipoint – which after all is confined to individual cells – has been deemed too complex and, as a result, avoided in LTE. By the above observations, switching between MBSFN and single-cell transmission seems even more complex.
4
Conclusion
As the conclusion from the above discussion, we propose to agree on the following and incorporate the implied additions into [1]:

1. Dynamic MBSFNs are not supported. This implies that no separate counting/polling mechanism needs to be separately specified for the purpose of multi-cell transmission. O&M-based slow reconfigurations of the MBSFN areas on the other hand can and should be supported.
2. Dynamic switching between single-cell and multi-cell transmission based on counting information is not supported, i.e., the decision on which transmission mode is used in different parts of the network is made by O&M.
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