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1 Introduction
At RAN2#70b in Stockholm possible enhancements to E-UTRAN MBMS were discussed. The inclusion of a means to achieve “counting”, i.e. feedback of UE interest in MBMS services was considered and the following understanding of the scope of such a feature was reached [1]: 
· There is no requirement from WI point of view to support state transitions for "counting": i.e. only interest from UE's in connected is retrieved

· FFS if we still want to do counting IDLE mode UEs if a simple solution is available

· Solution should enable the network to become informed about the MBMS services that the UE is interested in:

· this includes services already provided on PTM (for deactivation) and 

· services not yet provided by PTM (for activation)  

· Focus is on activation/deactivation MBMS service provisioning in a whole MBSFN area, rather than individual cell level.

Discussion document [2] made the following proposals:

· Proposal 4: RRC_Idle case should be taken into account to avoid wrong estimation of the real audience calculation for a given service and also to make the feature more efficient/accurate.

· Proposal 5: Whatever the type of UE feedback (UE decision: event based report, periodical report, network explicit request), the Network shall be able to deactivate the reception status report. (a flag (one bit) could be enough)
This contribution shows that a simple solution for the counting of IDLE mode UEs is available and further that a common procedure for the counting of IDLE mode and CONNECTED modes UEs may be employed.

The counting method, as described below, is directly applicable to counting the number of UEs interested in services (sessions) that are currently listed in the IE MBMS-SessionInfoList-r9 of MCCH. Thus, it may be used for decisions about deactivation of MBMS bearers for services currently provided via PTM and also to gather statistics in order to make future decisions about whether or not to provide sessions via PTM bearers.  Further, it is believed that the same basic counting procedure could be employed to assess interest in services not currently described in MCCH, by adapting the means by which the request for UE feedback is conveyed.
The contribution addresses the requirement for activation/deactivation at the MBSFN area level, when considering the controlling entity in the counting procedure.
In this contribution, 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 / MBSFN Area which are interested in specified MBMS service(s).

· A common procedure for UEs whether or not they have an RRC connection.

· 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
In 3GPP Rel9/10 the options for delivering MBMS services in E-UTRAN are via multi-cell (MBSFN) PTM bearers or via unicast bearers. The network must make the decision as to whether it is more efficient to provide MBMS service(s) via MBSFN bearers or unicast bearers.
This contribution addresses the collection of UE feedback from UEs receiving , or interested in receiving MBMS services over MBSFN bearers.
When services are broadcast on E-MBMS all eNBs inside the MBSFN area (apart from reserved cells – Figure 3) are involved in MBSFN operations and the full bandwidth of the configured MBSFN sub-frame(s) are used, so the amount of wasted resource could be important if the audience is very low. Therefore, when the audience for an MBMS service is going down, it is relevant to switch off provision of the service via MBMS bearers (MBSFN).  It is generally considered that the number of users required, in order to decide that service provision via MBMS bearers is more efficient,  is quite low (say less than 6 users/cell). If more than one service is being provided the decision to switch off (or on) MBSFN operation may be influenced by the sum of counts across a numbers of MBMS services.
Thus, it is likely that the threshold count required to make a decision is likely to be a low but variable number dependent upon the network scenario and operator deployment policy. Therefore, it is beneficial to design a counting procedure that can support a low but variable switching threshold. 
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Figure 1 : eMBMS delivery mode switching
Given the fact that the required switching threshold is small and most likely to be less than 6users/cell, the requirement is only for reasonably accurate user counting up to the switching threshold. This means the counting procedure should be designed to guarantee a reasonably high probability of accurate counting only up to the switching threshold value. This suggests that shared counting response channels may be used given that there are enough channels to permit accurate counting up to the threshold value.
Identification of the interested users and/or other higher layer information is not required to be known for the purpose of counting the number of users interested in an MBMS service. Given this situation, then there is no requirement for IDLE state UEs to establish a connection to the network to provide a user counting 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: i.e. a very small number of users interested in the service or a very large number of users interested in the service. If counting is based on the RACH access method used in Rel.6, the cell accesses due to counting will create congestion on RACH, and it will affect other RACH users, in scenarios where a large number of users are interested in an MBMS service. The use of an access probability factor may control the access somewhat but the access probability factor cannot be designed to be scalable to the number of users interested in the service. 
Additionally, where a higher layer counting method is used the counting response can only be sent on message 3 of the RACH access procedure. After receiving the RACH preamble, uplink resources must be granted to the users for the counting response. These extra message exchanges not only delay the counting response but are also an inefficient use of radio resources if another method exists which does not require the additional signalling.
The Rel-6 MBMS counting procedure has been perceived as overly complicated.  An aim for the E-UTRAN counting procedure should be that it fulfil the requirements without unnecessary complication. To this end a procedure that is equally applicable to IDLE and CONNECTED mode UEs is desirable.  

3 Proposal
The procedure proposed aims to avoid the drawbacks of the Rel.6 like counting procedure by employing a Layer 1 based counting approach that is equally applicable to IDLE and CONNECTED state UEs, but does not require IDLE state UEs to connect to the RAN.

Proposal 1: E-MBMS user feedback (counting) shall employ a common Layer 1 based approach that is equally applicable to both IDLE and CONNECTED state UEs.
The procedure is based on the concept presented in [3], wherein dedicated preamble based access is employed to indicate service interest. In the procedure described here a configurable sized set of dedicated preambles are assigned for the counting response. Due to the use of dedicated preambles, possible congestion on RACH due to MBMS counting may be eliminated and there will be no effect on normal RACH accesses. 

Proposal 2: E-MBMS user feedback (counting) shall employ dedicated preamble(s) as the means of sending a UE feedback response via layer 1 signalling without creating congestion on the (normal) RACH and thus not affecting normal RACH operations.
The MBMS entities in E-UTRAN are shown in Figure 2. 
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Figure 2 : E-MBMS Logical Architecture
As per the agreement from R2#70b, “Focus is on activation/deactivation MBMS service provisioning in a whole MBSFN area, rather than individual cell level.”, the coordination of counting and decisions upon activation/deactivation should be made in an entity with responsibility across the MBSFN area (see Figure 3). The description for the MCE logical entity in [4] includes “… whose functions are the admission control and the allocation of the radio resources used by all eNBs in the MBSFN area for multi-cell MBMS transmissions using MBSFN operation. The MCE decides not to establish the radio bearer(s) of the new MBMS service(s) if the radio resources are not sufficient for the corresponding MBMS service(s). Besides allocation of the time/ frequency radio resources this also includes deciding the further details of the radio configuration e.g. the modulation and coding scheme. The MCE is involved in MBMS Session Control Signalling …”
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Figure 3 : MBSFN Areas / Cells
It is proposed that the MCE makes the decision whether counting (reception status feedback) is necessary for a given MBMS service. If it is decided that counting is needed, the MCE initiates the counting procedure by sending a request, over the “M2” interface (Figure 2), to the appropriate eNBs of all cells (except MBSFN Area Reserved Cells) in the appropriate MBSFN Area(s). The eNBs then indicate the need for UE feedback for a given service by modifying the information sent over MCCH.
Proposal 3: The MCE entity in E-UTRAN shall control and coordinate UE feedback/counting for MBMS services.
A UE feedback request for a given MBMS service may be encoded in MCCH by adding an optional extension IE into the IE MBSFNAreaConfiguration-r9. The extension IE would include:

· a boolean to indicate that counting is required,
·  the TMGI of the service being ‘counted’ during this period,

· an access probability factor, and
· “dedicated access information” that is to be used for the counting response by the UEs.
The dedicated access information would consist of a set of dedicated preambles, any one of which may be used by a UE in the counting response. In addition, the dedicated access information may include RACH channel (time/frequency resources) information, such as a PRACH Mask Index to limit the PRACH resources allocated for counting the given MBMS service.
Proposal 4: A UE feedback request in E-MBMS shall be carried on MCCH as an extension IE within the IE MBSFNAreaConfiguration-r9.
Proposal 5: A UE feedback request in E-MBMS carried on MCCH shall include dedicated access information and an access probability factor.

After detecting the feedback request message on MCCH, the UEs which are interested in receiving the indicated MBMS service respond to the request by sending a feedback message using the allocated “dedicated access resource” over non-synchronous RACH (Figure 4). Taking into account the access the probability factor, the UE decides when to transmit a response and selects a preamble from the set of allocated dedicated preambles and then transmits the selected preamble. The access probability factor is used here to control the number of UEs transmitting the same preamble at any given instance. If the access probability does not allow the UE access, then the UE re-tries the access in the next available RACH instance taking into account the PRACH Mask Index if included in the request IE. The eNB counts the number of preambles detected over a period of time. Note that the counting response is simply the transmission of one of the dedicated preambles and the procedure does not require the transmission of message 2 or message 3 in the normal RACH access procedure.
The same UE feedback procedure, as described above, may be used by both idle and connected state UEs. Thus, a common counting procedure for both idle and connected state UEs is possible as per proposal 1.
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Figure 4 : The signalling flow seen in the user feedback procedure
The number of preambles dedicated to each service and the access probability factor are decided by the eNB taking into account the switching threshold and the required probability of accurate detection. Therefore, the allocation of dedicated preambles, hence the counting procedure is scalable to the desired switching threshold.
Proposal 6: The access probability factor and set of dedicated preamble shall be configurable to permit scaling to the operator’s desired switching threshold.
When the eNB has completed the counting procedure for a given service, the eNB will pass the counting results back to the MCE over the “M2” interface. 

The number of distinct preambles are limited in a system. Therefore, it will not be possible to dedicate a set of preambles for each MBMS service.  This problem can be resolved by time multiplexing the use of the same preamble set between a number of MBMS services. Thus, only one set of dedicated preambles needs to be reserved for providing user feedback for all the MBMS services.  Furthermore, this set of preambles need only be dedicated for MBMS counting during periods when an MBMS service counting procedure is actually in progress.

Figure 5 illustrates an example of time multiplexing using a single dedicated preamble set for the counting of a number of MBMS services.
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Figure 5 : An example of time multiplexing of counting for a number of MBMS services
During MCCH modification period T0-T1 the eNB sends an MCCH change notification via PDCCH addressed with the M-RNTI. UEs interested in MBMS services whose configuration is provided on that MCCH start to (re)acquire the MCCH at the start of the next modification period (T1). The UEs detect that user feedback is requested for MBMS service 1 during this modification period (T1-T2) and, if interested in service 1, UEs respond in the manner described above. Likewise, the procedure is repeated in period (T2-T3) for MBMS service 2.
The user feedback instances are scheduled for different MBMS services by the MCE. During any given MCCH modification period user feedback (counting) may only be carried out for one MBMS service using any one given set of dedicated preambles. For instance, during period (T1-T2) all preamble transmissions (from the set of dedicated preambles) detected in the RACH resources constrained by any associated PRACH Mask Index necessarily relate to user feedback for MBMS service 1. The actual time of transmission by any one UE will be affected by the indicated access probability factor.
As illustrated in Figure 4 the request for user feedback related to MBMS service 1 is removed and a request for user feedback related to MBMS service 2 is included in the MCCH information sent during the modification period (T2-T3). Likewise, the procedure is repeated in period (T3-T4) for MBMS service 3, and so on.

Proposal 7: Within an MCCH modification period, feedback responses using a given set of dedicated access resources shall refer to a single MBMS service. UE feedback / counting for different MBMS services shall be achieved serially by time multiplexing.
If during period n+1 the user feedback request is for the same MBMS service as during period n, then this could be taken as a means of extending the possible feedback period, or it could be taken as the start of a new feedback request, in which case all UEs would respond again.
Proposal 8: If during MCCH modification period n+1 the user feedback request is for the same MBMS service as during period n, then this shall be taken as the start of a new feedback request, requiring UEs to respond again.
4 Proposal summary

Proposal 1: E-MBMS user feedback (counting) shall employ a common Layer 1 based approach that is equally applicable to both IDLE and CONNECTED state UEs.
Proposal 2: E-MBMS user feedback (counting) shall employ dedicated preamble(s) as the means of sending a UE feedback response via layer 1 signalling without creating congestion on the (normal) RACH and thus not affecting normal RACH operations.
Proposal 3: The MCE entity in E-UTRAN shall control and coordinate UE feedback/counting for MBMS services.

Proposal 4: A UE feedback request in E-MBMS shall be carried on MCCH as an extension IE within the IE MBSFNAreaConfiguration-r9.
Proposal 5: A UE feedback request in E-MBMS carried on MCCH shall include dedicated access information and an access probability factor.

Proposal 6: The access probability factor and set of dedicated preamble shall be configurable to permit scaling to the operator’s desired switching threshold.
Proposal 7: Within an MCCH modification period, feedback responses using a given set of dedicated access resources shall refer to a single MBMS service. UE feedback / counting for different MBMS services shall be achieved serially by time multiplexing.

Proposal 8: If during MCCH modification period n+1 the user feedback request is for the same MBMS service as during period n, then this shall be taken as the start of a new feedback request, requiring UEs to respond again.
5 Conclusion
A simple shared channel based method is presented, in order to count the number of users within a cell/MBSFN area who are interested in a given MBMS service.

As the method presented is based on layer 1 signalling, and does not require any higher layer information or user identification in the counting response, the method does not require idle state UEs to establish a connection to the network in order for the MBMS user to send a counting response. In addition, this method requires the same response from all UEs regardless of their individual connection states to the network. Thus, this method 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 interested in specified MBMS service(s).

· A common procedure for UEs whether or not they have an RRC connection.

· 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 required switching threshold.
6 References
[1]   3GPP RAN2#70b Chairman’s notes.

[2]   R2-104059, “Use cases and discussions related to UE status report”, Orange, RAN2#70b.
[3]   R2-062271, “Layer 1 signalling based user detection for LTE MBMS”, IPWireless, RAN2#54.
[4]   TS 36.300, “E-UTRAN; Overall description; Stage 2”, 3GPP, Rel-9.












































































































T0





MCCH change notification








RACH











PDCCH





MCCH





T3





T2





T1





Count the number of preambles detected over a period





Select preamble from the allocated preambles and transmit on RACH at a time determined by the access probability factor and PRACH Mask Index





Switching threshold





High user density





Low user density





DRX of UE n








DRX of UE 2





DRX of UE 1














Time





Time








Preamble responses for service 2





User feedback request for MBMS service 2





User feedback request for MBMS service 1





Preamble responses for service 1





 L1 signalling





L3 / RRC signalling








Disable Feedback Request on MCCH (Service n)








User Feedback Response on RACH


[Preamble sequence]

















Enable Feedback Request on MCCH (Service n)


[access probability factor, dedicated access information (a set of dedicated preambles, PRACH Mask Index]








eNB





UE








_1301228942.vsd
MBMS GW


eNB


MCE


|


|


M1


M3


MBMS GW: MBMS Gateway
MCE: Multi-Cell/Multicast Coordination Entity

M1: user plane interface
M2: E-UTRAN internal control plane interface
M3: control plane interface between E-UTRAN and EPC


MME


|


M2



_1303559690.vsd
MBMS Service Area


MBSFN Area


MBSFN Area


MBSFN Area


MBSFN Area Reserved Cell



