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1 Introduction
In previous RAN2 LTE Ad Hoc meeting in Cannes, the requirements for support of MBMS services in LTE was discussed. One requirement identified to be supported is that the capability of the network to detect at least one MBMS user interested in the MBMS service in the cell. This is needed to avoid unnecessary MBMS transmission in a cell where there is no MBMS user. It is also noted that the need to count the precise number of UEs interested in an MBMS service is FFS.
In this paper, we discuss the need for a low complex method to detect the MBMS interested users in a cell and propose a simple layer 1 signalling based method to detect at least one MBMS user interested in the service in a cell. The proposed method provides the following advantages:

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

· A common procedure for both Idle and connected state UEs.

· The procedure creates only a very small amount of signalling traffic.

· 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
The counting procedure used in the UTRAN is complex and requires a large amount of signalling between the UEs and the network controller over the radio interface resulting an inefficient radio resource utilisation. The counting procedure used in the UTRAN is designed to determine the transmission mode (between p-t-p and p-t-m) of MBMS service based on the number of users in a given cell. Therefore, it is necessary to indicate accurately whether the number of users in the cell is larger than a pre-set threshold value in order for to switch to p-t-m mode. Also for the establishment of p-t-p bearer, the UE identification should be known to the network at the end of counting procedure.  The use of p-t-p transmission mode not only increases the MBMS complexity but also has limited or even non-existent performance gain over p-t-m mode in OFDMA based Single Frequency Network where physical layer (L1) combining mechanisms may provide a significant performance gain for p-t-m MBMS delivery in multi-cell deployment scenarios.  Therefore, the counting might not be necessary for the determination of the p-t-p and p-t-m transmission modes.  However, a simplified procedure is necessary to detect whether there are any recipients in a given cell. This allows significantly more efficient transmission of localized MBMS services in cases when the recipient population is sparse, as the data does not need to be transmitted in “empty” cells.


The procedure is needed solely for the detection of any MBMS interested users in a given cell. The user identification of the interested users or the higher layer information is not required to be known for the purpose of detecting 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 user detection.
More over, MBMS service can be received by the user regardless of its connection states to the network. This implies that it is benefited to have a user detection procedure also independent from the connection states of the user. i.e. a common user detection procedure for both connected and idle state users.

Idle state UEs can only be communicated to the network via non-synchronous RACH. Note that connected state UEs can access on non-synchronous RACH whenever it is necessary. Hence, in order for to design a common user detection procedure for both connected and idle state UEs, non-synchronous RACH based user response is envisaged.
Conclusion1:Layer 1 signaling based procedure is best suited for the user detection
Conclusion2: the user detection procedure should be applicable to both connected and idle states independent for the user connection state

Conclusion3: non-synchronous RACH based response may allow a common user detection procedure for both connected and idle state users
3 Proposal
The controller (i.e. e-Node b or centralised RRM unit for SFN) makes the decision whether the “user detection” is necessary for a given MBMS service. If it is decided the “user detection” is needed, the controller initiates the detection procedure by sending a UE feedback request message on MCCH. 
The message includes the MBMS service ID which the user feedback is required and a “dedicated access information” that is to be used for the user feedback by the UEs. After receiving the feedback request message, the UEs which are interested in receiving the particular MBMS service respond to the request by sending a feedback message using the allocated “dedicated access resources” over non-synchronous RACH. 
The “dedicated access information” takes the form of a particular signature sequence which is to be used as a preamble sequence for non synchronous RACH access. Thus, the user feedback message is simply the transmission of the allocated dedicated signature sequence. i.e. the user feedback is implicitly delivered to the network within the signature sequence.

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 user detection procedure for both idle and connected state UEs.

The e-NodeB receives the feedback from the UEs in the form of signature sequence. The reception of the signature sequence at the e-NodeB would typically be implemented in the form of a correlating receiver.  If energy is detected corresponding to the known signature sequence, this indicates that at least one user in the coverage area of the e-NodeB is interested or activated the particular MBMS service. Even though, the number of users may not be decided accurately, this can detect whether at least one user has responded based on the received signal strength at the receiver. Thus, this provides a simple physical layer signalling based method of detecting the presence (or not) of MBMS activated users in a cell.
If the dedicated signature sequence is detected at the e-NodeB, it sends an acknowledgement for the reception of the dedicated signature sequence in downlink. This can be interpreted as a request for stop of transmission of the feedback by the UEs. As only L1 signalling is involved, this also results in reduced signalling overhead in downlink. 
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Figure 1: The signalling flow seen in the user feedback procedure. 
Note that user feedback request message is an L3 message while user feedback response message is an L1 signal.

The number of signature sequences may be limited in a system. Therefore, it may not be possible to dedicate a signature sequence for each MBMS service.  The problems caused by the limited signature sequences can be resolved by time multiplexing of the same signature sequence between a number of MBMS services. Thus, only one signature sequence is needed to be reserved for use of user feedback for all the MBMS services. Figure 2 illustrates an example of time multiplexing of signature sequence between a number of MBMS services.
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Figure 2: An example of time multiplexing of signature sequence between a number of MBMS services.

At the first MBMS user feedback request instance (T1), user feedback is required for MBMS service 1. The user feedback request for MBMS service n is requested at user feedback instance 2 (T2) and user feedback request for service 3 is at user feedback instance 3 (T3) and so on. The order of user feedback request for MBMS service is given as an example. The user feedback instances are scheduled for different MBMS services by the network controller. Two MBMS services can not be requested be counted at the same user feedback instance. 

The UEs response by sending the indicated signature sequence on RACH preamble. The user feedback instances are designed to avoid the overlap of user feedback responses indented for different MBMS services. The gap between two consecutive user feedback instances should be large enough for all the UEs, which are interested of the service to respond to the user feedback request. Therefore, the gap between the user feedback instances should be larger than the largest DRX length of a UE in the cell.

4 Conclusion
A simple layer 1 signalling based method to detect at least one 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 feedback response. This reduces the amount of signalling. In addition, this method requires the same response from UEs regardless of their connection states to the network. Thus, this provides a common user feedback procedure for both idle and connected state UEs. The proposed method provides:
· A simple low complexity procedure to detect MBMS activated users in a cell.

· A common procedure for both Idle and connected state UEs.

· The procedure creates only a very small amount of signalling traffic.

· 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.
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