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1. Introduction

In Rel-6 counting is used to determine the optimum transmission mode for a given service [1]. In this context a transmission mode can be either single-cell point-to-point (SC-ptp), single-cell point-to-multipoint (SC-ptm), or no transmission at all in case there are no users in the cell. The counting function also provides means by which the UTRAN can prompt users interested in a given service to become RRC Connected (according to the latest agreements, UEs receiving MTCH transmissions without taking part in an MBMS feedback mechanism can be in RRC_IDLE or RRC_CONNECTED state).
For the first LTE release it is agreed that no dynamic MBSFN will be supported. This means that in a preconfigured MBSFN area the transmission is always in the MBSFN transmission mode. In the areas configured to deliver an MBMS session in SC-ptm it is required to switch on the transmission in a cell only if interested users are present in order to optimise radio resource consumption. In this tdoc triggering conditions for the switching between SC-ptm transmission and no transmission are discussed.
2. Triggers for changing the transmission mode
There are several triggers for changing the transmission modes between SC-ptm and no transmission, during which the service is only advertised but not transmitted within the cells:

· Network-induced

· Session Start/Stop: If a new session is to be set up it has to be determined whether interested users exist (e.g. by polling or counting) and thus whether a SC-ptm transmission is necessary in a given cell. In the trivial case of closing a session no transmission is triggered.
· User-induced

· Users joining/leaving because of on/off switching of service.

· Users changing cell because of mobility.
Mechanisms are needed to allow that for each cell up to date information on the existence of interested users is available.

2.1. Network-induced triggers
Once a session is started it has to be checked whether there are any interested users for each cell. For this purpose, UEs have to indicate their interest to the network via RRC signalling. For UEs in RRC Connected, UEs can report their interest on the already existing RRC connection by a Service Request once they have received a notification of a Session Start in case of a new session. For UEs in RRC Idle two basic alternatives exist:
· Employ a polling mechanism which does not necessarily require to put UEs in RRC Connected mode. Then, however, it would be necessary to poll again whenever a user is leaving the service or the cell.

· Force and keep Idle mode UEs in Connected mode: In order to avoid frequent repolling and to allow for UE feedback in SC-ptm, UEs can be forced into RRC Connected mode. The eNB is aware of the number of users by the number of UEs in RRC Connected mode that are interested in a service. To prevent congestion on the RACH channel, we envisage the Rel-6 counting function providing means by which the RAN can prompt users interested in a given service to become RRC Connected while using a probability factor.

In our view, it is reasonable to keep in general all SC-ptm-receiving UEs in RRC Connected, because several studies have shown that SC-ptm transmissions are only efficient for user densities lower than a few users per cell and service [2-4]. If all UEs receiving the MBMS service are in RRC Connected, it is sufficient to count only once at Session Start and to increment or decrement the number of participants as necessary afterwards.
Even if transmission modes cannot be adjusted dynamically, an operator would choose the MBSFN area of a service such that the estimated number of users in a SC-ptm cell is not excessively high. An exception to this assumption would of course be a hot spot scenario, as for instance a soccer stadium with many users. However, for the regular use case of SC-ptm transmissions with low user densities it is not necessary to employ a mechanism to differentiate between RRC Connected and RRC Idle modes. Related issues like the question what happens if the number of interested UEs in the cell changes can thus be avoided.
2.2. User-induced triggers

2.2.1. User joining/leaving because of on/off switching of service
If a UE joins a session, this is very similar to a Session Start except that there are not likely to be many accesses to the RACH at the same time. An open issue has been whether for ongoing sessions the UE sends a Service Request or simply listens silently. As discussed above, in our opinion the eNB should be aware of how many users participate so an RRC Connection would be necessary and silent listening is not possible. Similarly, the UE has to inform
 the eNB when it leaves a session. The eNB can then decrement the service count accordingly.
2.2.2. User changing cell because of mobility

In the following we will assume that

· UEs receiving services in SC-ptm mode are in RRC Connected,
· UEs receiving services in mixed carrier MBSFN mode can either be in RRC Connected or in RRC Idle, and
· UEs receiving services in dedicated carrier MBSFN mode are in RRC Idle.
Handover and cell reselection are then applied in mobility scenarios as follows:

· Mixed carrier MBSFN ( SC-ptm (For UEs in RRC Connected a unicast like handover is applicable. For UEs in RRC Idle mode a cell reselection like mechanism is applicable during which the UEs are put into RRC Connected mode.)
· Dedicated carrier MBSFN ( SC-ptm (Since UEs are assumed to be in RRC Idle on the dedicated carrier a cell reselection like mechanism is applicable during which the UEs are put into RRC Connected mode.)
· SC-ptm ( mixed carrier MBSFN (Since UEs are RRC Connected a unicast like handover is applicable. However in case of inactivity on the unicast bearers a UE could be forced to RRC Idle in the context of such an handover or after the handover.)
· SC-ptm ( dedicated carrier MBSFN (Since UEs are RRC Connected a unicast like handover is applicable. However since a UE connected to a dedicated carrier cell is assumed to be in RRC Idle a UE should be forced to RRC Idle in the context of such a handover. Note that in case of active unicast bearers either service continuity for the unicast service or the MBMS service might be not possible.)
· SC-ptm ( SC-ptm (Since UEs are RRC Connected a unicast like handover is applicable.)
Which mobility type is eventually applied basically depends on the RRC state of the UE. For UEs in RRC Connected the handover decision is taken by the source eNB. Then, the source eNB decrements the service count, while the target eNB may increment it. On the other hand, for UEs in RRC Idle the UE has to reselect a cell by itself. In this case the source is not informed about the leaving UE, but this does not cause any problems if the service in the source cell is not transmitted in SC-ptm. The cell selected by the UE, however, has to announce that the service is available in SC-ptm and increments the service count.
3. Conclusion

This document evaluates triggers between SC-ptm transmission and no transmission. We argue that for use cases where optimal mobility support is required it is reasonable

· to keep all UEs in RRC Connected during the reception of SC-ptm,
· to reuse the Rel-6 counting function providing means by which the RAN can prompt users interested in a given service to become RRC Connected while using a probability factor,
· that any change of reception status (on/off, joining/leaving cell) is signalled by the UE if the eNB cannot know about it, and
· that the eNB therefore is constantly aware of the number of users receiving a given service transmitted in SC-ptm mode (which can also be used for audience measurement purposes).
For the rare use cases (e.g. stadium coverage in SC-ptm) where it might not be desirable to keep UEs in RRC Connected mode for the SC-ptm -> SC-ptm mobility, mobility is supported by cell reselection mechanisms, which might slightly impact the service during some milliseconds. However this seems to be acceptable for the rare use cases. Note that for handovers MC-ptm -> SC-ptm cell reselection based mobility mechanisms are not expected to impact the service because of relaxed timing requirements as the coverage areas overlap. 
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� This information can also be provided implicitly by the RRC Connection mobility.
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