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1. Introduction
Recently, RAN2 discussed whether MBMS counting could be ambiguous, and result in wrong counting results under certain scenarios (specifically when receiving eMBMS on SCell or non-serving cell) [1,2].

In our understanding, the scenarios (and resulting possibility of ambiguity) were confirmed. However RAN2 did not agree to provide a RRC-based solution, mainly due to an assumption that the problem could be minimized through network behaviour. 
The same scenarios were discussed in RAN3#93bis [3], focussing on how the network could avoid ambiguity. This paper summarizes the issues, describes the possible solutions, and discusses their effectiveness.
2. Recap Ambiguity Issue
As discussed in [3], the basic source of ambiguity is the fact that the RRC MBMSCountingResponse message from the UE only contains mbsfn-AreaIndex-r10 which indicates the index of the entry in field mbsfn-AreaInfoList within SIB13, and similarly, it does not contain actual TMGIs, but simply indices related to the order of the TMGI entries in the countingRequestList within MBMSCountingRequest.

The UE obviously sends the MBMSCountingResponse message to the current PCell. But in general this could have been triggered by a counting request in a different cell in the same or different eNB, and therefore the dual index signalling (Area/TMGI) does not provide reliable counting once more complex scenarios are considered [2,3].

It can be argued that counting is not exact since it only applies to UEs in RRC_CONNECTED state; however this is equivalent to taking a population sample (where both the sample – number of connected UEs – and the universe – number of camped UEs – are known or can be estimated). On the other hand, the network may be configured in a certain way that UEs are systematically receiving a certain MBMS service in cell (frequency) different from their own PCell, at least for certain areas, but this probability is much harder to estimate than a simple idle/connected probability. 
2.1 Mitigation Options

Below we list two previously considered mitigation options:

Option 1: UE provides cell ID within MBMSCountingResponse message [1,2]: the cell ID indicates the cell whose mbsfn-AreaInfoList within SIB13 provides the mapping to the index of the area in the message. With this information, an eNB that received the counting request (e.g. for a different cell/frequency layer) can disambiguate and use the counting response of the UE in the response towards the MCE. This enables concurrent counting requests since the eNB is able to decide which counting request the UE is responding to. Note however that this cannot work if the eNB did not receive the counting request in the first place (i.e. counting responses from the UE are lost).
Option 2: MCE ensures that counting procedures do not overlap in time, for different MBSFN areas: this is the MCE action which was suggested during discussions in both RAN2 and RAN3. If the eNB receives a counting request, it could assume that all responses (even in the “wrong cells”) are due to this request, and interpret the RRC responses accordingly. But can it do so? This is only possible if the eNB is confident that the MCE is not enabling multiple requests. But even in this case, the eNB can only resolve the ambiguity by mapping the indices received to an MBSFN area and TMGI. In fact the same MBSFN area may appear in different order in each SIB13, so the eNB needs to ignore the MBSFN index information altogether. Also as above, it will not work if the eNB did not receive the counting request in the first place. 
It can be seen that the two options are functionally similar provided that the eNB can be confident (in the second case) that the MCE is not enabling multiple requests, including in MBSFN areas that the eNB does not support (but which could be in the same geographical area).

Note also that neither option can handle the case of counting initiated by multiple MCEs, when there is no simple way to coordinate the counts.

In summary:

Observation 1: The two options are functionally similar in that the eNB can allocate a UE’s response correctly if it received the respective counting request (provided it knows in the second option that the MCE is not overlapping requests).
Observation 2: In both options, if the eNB did not receive the counting request, then it cannot make use of UE’s responses (but it will discard, i.e. reject false positives)
Observation 3: Similarly, both options cannot handle the case of UE’s counting responses triggered by different MCE’s, but in this case option 2 may result in false counts (option 1 would result in ignoring the UE responses, i.e. rejecting false positives).
2.2
Network Solution

In this section we consider the elements of a network solution based on option 2. 

The first aspect of this solution is to ensure that the counts do not overlap, at least for a given MCE. This can be done in three different ways:

Option 2a: by implementation: since an eNB in general does not know the MCE behaviour, it has to always count a UE response. This is therefore completely up to the MCE.
Option 2b: stage 2 solution: add text to stage 2 to note that the counts may need to be time-multiplexed by the MCE. This has the same interworking problem as the MCE behaviour cannot be mandated.
Option 2c: stage 3 solution:  explicitly signal to the eNB that all UE responses may be taken into account (i.e. no count overlap).
Comparison: alts 2a and 2b are possible, but overall behaviour stays ambiguous. With alt 2c, the eNB behaviour could be quite clear i.e. if indicator is received, use any count request received to resolve the UE’s responses.

2.3 Possible Solution based on Option 2c (explicit signalling)
It turns out that it is possible to use the explicit signalling approach to solve all the scenarios under the same MCE, assuming that the MCE does not overlap counting processes. This can be done if the MCE sends the M2AP: MBMS SERVICE COUNTING REQUEST MESSAGE to all eNBs that it controls, even if they do not support the MBSFN areas whose services are being counted.
In other words, an MCE has only one counting procedure (related to a given MBSFN area, but possibly covering multiple services) ongoing at any time. It sends the same counting request to all eNBs, irrespective of whether they support or not this area. Based on that:

· eNBs that support this area behave as normal (sending MCCH and collecting responses), and in addition may also collect UE responses from cells that do not support this MBSFN area; they map these directly since the TMGI order in the counting request is non-ambiguous (and ignore the MBSFN area index).

· eNBs that do not support this area do not send MCCH, but still collect UE responses if any, and send responses based again on the TMGI order.

The signalling change could be as follows in TS 36.443:

===================================================

9.1.24
MBMS SERVICE COUNTING REQUEST

This message is sent by the MCE to request the eNB to report the number of connected mode UEs that are receiving or interested in the MBMS service(s).

Direction: MCE ( eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MCCH Update Time
	M
	
	9.2.1.19
	
	YES
	reject

	MBSFN Area ID
	M
	
	9.2.1.14
	
	YES
	reject

	MBMS Counting Request Session 
	M
	
	
	
	YES
	reject

	>MBMS Counting Request Session Item
	
	1 to <maxnoofcountingservice>
	
	
	EACH
	reject

	>>TMGI
	M
	
	9.2.3.3
	
	-
	-

	Request Type
	O
	
	
	ENUMERATED (Non-overlapped, ...)
	YES
	reject


============================================================
The related procedural text change could be as follows in TS 36.443, while the proposal for stage 2 text is included in the appendix.
============================================================
8.11.2
Successful Operation
The MCE initiates the procedure by sending the MBMS SERVICE COUNTING REQUEST message to the eNB.
After receiving the MBMS SERVICE COUNTING REQUEST message successfully, the eNB shall respond the MCE with the MBMS SERVICE COUNTING RESPONSE message, apply the MCCH update from the modification period defined in the MCCH Update Time IE, and perform counting as specified in TS 36.300 [3]. 
If the MBMS SERVICE COUNTING REQUEST message contains the Request Type IE set to “Non-overlapped”, the eNB shall, if supported, consider that counting may be performed in all cells as described in TS 36.300 [3], including cells where the MCCH update for counting is not applied.
2.4 Summary: comparison of solutions
The following table summarizes the behaviour resulting from different options (Note: the symbol ( means that all UE responses are taken into account in the eNB responses to the MCE under the correct TMGI): 
	
	Existing behaviour
	Option 1 (cell ID signalling in RRC)
	Option 2 (Time-multiplexed counting procedures)
	Option 2c with eNB counting for non-supported areas 

	Same eNB, different MBSFN areas in different cells
	False counts (extra and/or missed) during concurrent counting procedures
	(
	(
	(

	Different MBSFN areas in neighbour eNBs
	False counts (extra and/or missed) during concurrent counting procedures
	Rejects false positives
	Rejects false positives
	(

	Neighbour eNBs controlled by different MCEs
	False counts (extra and/or missed) during concurrent counting procedures
	Rejects false positives
	False counts during concurrent counting procedures
	False counts during concurrent counting procedures


From above, it can be seen that the solution described in section 2.3 is the only clean solution for all cases under the same MCE. However option 1 (RRC-based) is the only one that ensures no false positives even in the “different MCE” case.
3. Conclusions

In the above, we summarized the problem and analyzed possible solutions. A summary table is shown in section 2.4.
The solution described in section 2.3 (“option 2c with eNB counting for non-supported areas”) is the only clean solution for all cases under the same MCE, although it requires extra signalling and time-multiplexing of counting procedures by an MCE. Option 1 (RRC-based) is also attractive since it is the only one that ensures no false positives even in the “different MCE” case.
For this reason, it is proposed to discuss further CRs [4,5] based on section 2.3. It is also proposed to liaise RAN2 with the analysis and the results of RAN3’s discussions.
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5. Appendix

The following contains the stage 2 text proposal [5]

15.10.2
Counting Procedure

The Counting Procedure is initiated by the network. Initiation of the Counting Procedure results in a request to each eNB involved in the providing MBSFN area to send a Counting Request (the Counting Request is included in the directly extended MCCH message), which contains a list of TMGI's requiring UE feedback. The connected mode UEs which are receiving or interested in the indicated services will respond with a RRC Counting Response message, which includes short MBMS service identities (unique within the MBSFN service area) and may optionally include the information to identify the MBSFN Area (if overlapping is configured).
The MCE may also send the request to count to eNBs not involved in the providing MBSFN area. In this case, the eNB does not send a Counting Request in the MCCH, but may receive RRC Counting Response messages from UEs served by one of its cells. If supported, the eNB performs counting using the UE responses, and sends the corresponding report to the MCE. In the case of an eNB involved in the providing MBSFN area, UE responses may be received in cells not supporting this area, and the eNB shall, if supported, also take these responses into account. To aid the eNB in performing unambiguous counting in these cases, the MCE may indicate to the eNB that the request does not overlap in time with any other request, and therefore any received UE responses should be taken into account in the requested counting process.
The following principles are used for the Counting Procedure:
-
Network has means to disable UE counting per service.

-
The UE is able to report on multiple MBMS services via a single Counting Response message.

-
It is unnecessary to retransmit the Counting Response when the UE moves within the same MBSFN area.
-
The network only gets one response from a UE related to one Counting Request message, which is broadcast for one modification period.

-
The UE cannot automatically indicate to network a change of interest in MBMS service(s).
-
The network counts UE interest per service.
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