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1 Introduction
In previous RAN2#57bis and on the RAN2 email reflector, the UE states during MBMS reception were discussed. It was identified that the technique should be standardised to support a MBSFN broadcast. However, the need for other transmission methods (i.e. PTP, and/or single cell PTM (with or with out feedback)) are still under discussion in RAN1 and RAN2. RAN1 is evaluating the performance of these methods to justify the radio efficiency gain resulted over introduce complexity to support these methods.
According to the email discussion on the RAN2 reflector, it is understood that MBSFN and at most one of single-cell transmission methods (e.g. PTP, PTM-SC without feedback, PTM-SC with feedback (common or dedicated)) would be selected. Independent of the methods being selected, the switching between the different MBMS delivery techniques will be based on the number of users (user population) and the coverage area. 
Another common understanding is that the switching threshold for switching between MBSFN and single cell transmission modes will be smaller than the switching threshold used in Rel.6 MBMS (e.g. 5-7 UEs in a cell). The switching threshold also depends on the coverage area. If very large coverage area is assumed, then MBSFN is most efficient except for the scenarios with very low user densities (as shown in [1] this results in less than on average 3-4 users per cell for a 120 cell area). 
In this contribution, the counting requirement for E-MBMS is discussed based on the above understanding. A common channel based counting procedure is proposed. Compared to the Rel.6 MBMS counting procedure, the proposed counting procedure provides the following advantages:

· A simple low complexity procedure to count MBMS users in a cell.

· A common procedure for UEs which are in synch and non-synch to the network.
· The procedure does not create a significant uplink load. 

· The procedure does not create congestion on RACH and does not affect other RACH users.

· The procedure does not require idle state UEs to establish a connection to the network.
2 Discussion
Transmission mode switching can be visualised as switching from single cell transmission to MBSFN and switching from MBSFN to single cell transmission. The UE is assigned with a dedicated feedback channel in the single cell transmission Technique 1 (PTP) and Technique 6B (PTM with dedicated feedback). In both cases, the UE would be in RRC light state (option B), hence the network would have knowledge of how many users are receiving the MBMS service using technique 1 or technique 6B. This information may be used in the decision to switch from single cell transmission (technique 1 or technique 6B) to MBSFN. 
However, problem arises when the switching from MBSFN to single cell transmission is considered. The UE will not have dedicated feedback channel assigned while receiving the services in MBSFN mode. Moreover, the UE will be in RRC_IDLE with respect to MBMS (option A) hence the network has no knowledge of the number of users in the cell. The switching to single cell transmission should be decided considering the user population as well as the coverage area. i.e. the switching threshold is a function of the coverage area. Therefore, it is beneficial to design a counting procedure where the switching threshold is scalable to the coverage area. 
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Figure 1: EMBMS delivery mode switching w.r.t. user population.
Given the fact that the required switching threshold is small and most likely to be less than 5users/cell, the accurate users counting is only required up to the switching threshold. This means the counting procedure should be designed to guarantee high probability of accurate counting only up to the switching threshold value. For example, if 25 interested users in a cell and the switching threshold is 4, then the probability of counting 4 users out of 25 users should be as high as 100% but probability of counting 5 or more users out of 25 may be much less. This suggest that shared counting response channel may be used given that there are enough channels to permit accurate counting up to the threshold value.
The user identification of the interested users or the higher layer information is not required to be known for the purpose of counting the MBMS interested user. Also it does not require idle state UEs to establish a connection to the network for the user response. This suggests that a layer 1 signaling based procedure is best suited for the counting response.
Two extreme conditions of user population can be envisaged in MBSFN: very small number of users interested in the service or very large number of users interested in the services. If the counting is based on the RACH access as in Rel.6, the cell access due to counting will create congestion on RACH and affect other RACH users in scenarios where a very large number of users interested in the service. The use of access probability may control the access some what but the access probability factor can not be designed to be scalable to the number of users interested in the service. 
On the other hand, the counting response can only be sent on message 3 of the RACH access procedure (according to the agreed RACH procedure). After receiving the RACH preamble, the up link resources should be granted to the users for the counting response. This is not only delay the counting response but also is radio resource inefficient.
The procedure proposed below aims to avoid the drawbacks of the Rel.6 like counting procedure. The proposed procedure is based on the concept presented in [1]. Here, dedicated preamble based access is used by the users involved in counting where a set of dedicated preambles are assigned for the counting responses. Due to the use of dedicated preamble, the possible congestion on RACH due to counting users is eliminated and there will be no effect on normal RACH access users. 

3 Proposal
After making decision for counting, the controller (e.g. eNodeB) initiates the counting procedure by sending a UE counting request message on MCCH.

The message includes the MBMS service ID which the counting is required, access probability factor and a “dedicated access information” that is to be used for the counting response by the UEs. The dedicated access information may consist of a set of dedicated preambles which should be used by the users in counting response. In addition, the dedicated access information may include RACH channel (time/frequency resources). 

The user selects a preamble among the set of allocated dedicated preambles according to the access probability factor and transmit the selected preamble on the non-synchronous RACH channel or the assigned RACH channel. The access probability factor is used here to control the number of users accessing on the same preamble at a given instance. If the access probability does not allow the users access, then the user re-tries the access in the next available RACH instance. The controller (e.g. eNodeB) counts the number of preamble received over a period of time. Note that the counting response is simply the transmission of one of the dedicated preamble and the procedure does not include the transmission of message 2 or message 3 in normal RACH access procedure.
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Figure 2: The signalling flow seen in the user feedback procedure.
All interested UEs send the allocated signature sequence on non-synchronous RACH preamble burst. This means that both Idle and connected state UEs use non-synchronous RACH for the user feedback allowing the common counting procedure for both idle and connected state UEs.

The number of preambles dedicated to each service and the access probability factor are decided by the controller taken into account the switching threshold, the coverage area and the required probability of accurate detection. Therefore, the allocation of dedicated preambles hence the counting procedure is scalable to the switching threshold and the coverage area. 
For example, if the switching threshold is 1, only 1 dedicated preamble with access probability factor of 1 is adequate. If the switching threshold is 2, then with access probability factor of 1, probability of detecting 2 out of 2 users is 75%. Probability of detecting 2 out of 3 users is 87.5%. This detection probability can further be increased with allocation of access probability factor. If the access probability factor is set to 0.75, the probability of detecting 2 out of 2 users increases to 85.94%. However, this requires more than 1 RACH instance.
4 Conclusion
A simple shared channel based method to count the number of MBMS user interested in the service in a cell is presented. As this method is based on the layer 1 signalling, and does not require any higher layer information or user identification, the method does not require idle state UEs to establish a connection to the network for the MBMS user counting response. In addition, this method requires the same response from UEs regardless of their connection states to the network. Thus, this provides a common counting procedure for both idle and connected state UEs. The proposed method provides:
· A simple low complexity procedure to count MBMS users in a cell.

· A common procedure for UEs which are in synch and non-synch to the network.

· The procedure does not create a significant uplink load. 

· The procedure does not create congestion on RACH and does not affect other RACH users.

· The procedure does not require idle state UEs to establish a connection to the network.

· The procedure is scalable to the switching threshold and the coverage area.
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