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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. For information, the RAN2 meeting notes are provided in an Appendix. As such, it is reasonable to bring this for discussion in RAN3, with a view to check whether there is a common understanding on this topic.

The paper briefly describes the scenarios and resulting problem. The discussion then focusses on the possible network solutions, and their limitations.
2. Ambiguity Scenarios
The basic source of ambiguity is the fact that the RRC MBMSCountingResponse message only contains mbsfn-AreaIndex-r10 which indicates the index of the entry in field mbsfn-AreaInfoList within SIB13. 
Under some scenarios, however, this index becomes ambiguous. The problem arises when the UE is receiving eMBMS service from another frequency (possibly a different eNB) than that of its PCell. Even if the receiving eNB is aware that there is an ambiguity (i.e. because it knows that potentially the UE could be receiving a service in an MBSFN area not supported in the PCell), it cannot resolve it, i.e. it cannot know for sure which service and cell the UE is referring to in the MBMSCountingResponse message.
Below two such scenarios are described in more detail:
2.1 UE receives eMBMS on SCell and network deploys eMBMS in multiple frequencies

In this scenario, the network deploys eMBMS on multiple frequencies. For example, in Figure 1, eNB broadcasts eMBMS on F1 & F2.  MCCH on F1 indicates TMGI1& TMGI2 services available.  MCCH on F2 indicates TMGI3 & TMGI4 services available.  The UE is receiving eMBMS of TMGI1 on F1 and TMGI4 on F2 as PCell and SCell, simultaneously.

When UE receives two MBMSCountingRequest messages from eNB on PCell and SCell around the same time, UE replies with two MBMSCountingResponse messages, one with countingResponseList = 0 (i.e. TMGI1) for MBMSCountingRequest messages from eNB on PCell, the other one with countingResponseList = 1 (i.e. TMGI4) for MBMSCountingRequest messages from eNB on SCell.  
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Figure 1: Ambiguity of MBMS Counting Response when UE is receiving eMBMS on SCell and network deploys eMBMS in multiple frequencies

Observation 1: The eNB receives two MBMSCountingResponse messages but there is ambiguity on which MBMSCountingRequest (or MCCH) corresponds to MBMSCountingResponse UE sent. Therefore, eNB cannot determine that the UE is receiving TMGI1 & TMGI4 versus that UE is receiving TMGI2 & TMGI3.  Although eNB has received MBMSInterestIndication message, it has two frequencies which cannot help to resolve the ambiguity. 
As per current specifications, the eNB cannot resolve ambiguity of processing MBMSCountingResponse from UE receiving eMBMS.

2.1.1 Scenario Analysis
The scenario above implies two counting requests ongoing at similar times. In principle, the network could avoid or minimize this scenario e.g. if the MCE avoids counting requests for MBSFN areas in different frequency layers at the same time. This possibility was discussed in RAN2, but it is not clear that this limitation is known.
For this to work, there is also a new requirement on the eNB - that it shall correlate received counting responses with ongoing requests, even if the PCell of the UE is not making such a request currently. 

But even if it is assumed that the MCE and the eNB will act as above, still the problem is not solved in all scenarios. The above diagram shows PCell and SCell in the same eNB. However let’s assume that the SCell is in a different eNB. This scenario could happen for example in the case of dual connectivity using e.g. small cells which provide a different frequency layer (while maintaining the PCell in the macro eNB). In this scenario it is quite possible that different MCEs control the different eNBs. As a result:
· If the MCE controlling the PCell frequency initiates a counting request, it has no guarantee that the counting responses are remotely valid (unless it is able to ensure that the other MCE(s) has (have) no parallel counting requests)

· If the MCE controlling the SCell frequency initiates a counting request, the other eNB will receive counting requests it may never have requested. It can of course ignore these, but this will be confusing as the eNB does not know why the UEs are sending MBMSCountingResponse messages.
2.2 UE receives eMBMS on non-serving cell

In this scenario, the network deploys eMBMS on multiple cells.  For example, in Figure 2, eNB1 and eNB2 broadcast eMBMS on F2.  MCCH from eNB1 indicates TMGI1 & TMGI2 services available.   MCCH from eNB2 indicates TMGI3 & TMGI4 services available.  The UE is receiving eMBMS TMGI3 on non-serving cell from eNB2.

When UE receives MBMSCountingRequest message from eNB2 on non-serving cell, UE replies with the MBMSCountingResponse message, with countingResponseList = 0 (i.e. TMGI3) for MBMSCountingRequest messages from eNB2 on non-serving cell.  
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Figure 2: Ambiguity of MBMS Counting Response when UE is receiving eMBMS on non-serving cell and network deploys eMBMS in multiple cells (or eNB) on the same frequency
Observation 2: The eNB1 receives the MBMSCountingResponse message and the eNB cannot clearly determine which MBMSCountingRequest (or MCCH) corresponds to the serving eNB (i.e. eNB1) or neighbour eNB (e.g. eNB2). Or, if eNB does not send MBMSCountingRequest during the time period, the serving eNB cannot even know which MBMSCountingRequest (or MCCH) corresponds to any neighbour eNB. 

As per current specifications, the eNB cannot resolve ambiguity of processing MBMSCountingResponse from UE receiving eMBMS on non-serving cell.
2.2.1 Scenario Analysis

The scenario above is similar to the previous one if different eNBs are providing PCell and SCell. The same considerations apply i.e.

· For eNB under the same MCE, MCE must stagger requests. Still, the reliability of counting is severely limited, because the serving eNB will probably ignore counting responses from the UEs (as it has not issued a counting request).
· For eNBs under different MCEs, there is no guarantee that the counting responses are remotely valid (since timing of the requests is not coordinated), AND

· the serving eNB will receive counting responses that it may never have requested.
3. Discussion and Conclusions

The above scenario descriptions show that the counting ambiguity problem may be partly minimized by MCE/eNB actions. Summarizing:
1) When all layers/areas are in same eNBs, controlled by same MCE:

a. MCE should stagger counting actions

b. eNB should interpret counting responses on “wrong cells” appropriately based on its knowledge of the counting requests; otherwise counting results are biased.

2) When different layers/areas are in different eNBs, controlled by the same MCE

a. MCE should stagger counting actions

b. eNB may receive counting responses without knowledge of any counting request; eNB will likely reject, and counting results will be biased.

3) When different layers/areas are in different eNBs, controlled by different MCEs

a. eNB may take into account counting responses that were never meant for it (“false positives”); more generally no counting response from a UE can be relied upon
b. Many counting responses will never be considered (e.g. eNB not aware of counting) and eNBs  receive counting responses they may not have requested.
Note that problems above would be either solved or minimized by adding the cell identity (identifying the cell corresponding to the mbsfn-AreaInfoList in SIB13 which the response relates to), as proposed in [1]. This would fix (1) above completely without the need for counting stagger, or eNB guessing; it partially fixes (2) since the eNB knows the external trigger for the counting response without having to consider ongoing counting in different layers; and it partially fixes (3) since it will stop “false positives”. 
It is therefore proposed that RAN3 discusses the above scenarios and the ambiguity problem. The main question is whether network node behaviour is considered to be sufficient to minimize the problem (i.e. a combination of “MCE counting stagger” and “eNB inspection / guesswork”), in which case it may be prudent to consider capturing some hints in TS 36.300; alternatively, RAN3 should provide an LS to RAN2 informing them that the network-based solutions are not considered to be sufficiently robust, and including some of the above analysis.

The contributing company feels that there are good technical arguments to prefer the second option, hence:

Proposal 1: A RRC-based solution for disambiguation is preferred. Although MCE/eNB node behaviour can minimize the ambiguity problems, this solution is only partial and introduces unwanted and undocumented limitations in the system.
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5. Appendix

Introducing cell identity in MBMSCountingResponse          QUALCOMM Inc.           CR        36.331  13.2.0   2330     -           F                      Rel-13   MBMS_LTE_enh-Core

-     ZTE think that the issue is only caused by parallel counting procedures in the same location and this should be avoided by eNB implementation.

-     Kyocera ask if in the case of a non serving cell it is easy for the eNB to avoid. 

-     Nokia think that the MCE can know if different areas have counting ongoing and it is the responsibility of the MCE to avoid 2 parallel counting procedures. The UE can only send the counting response in connected. Hence not sure there is a big problem to solve.

-     Kyocera think there may also be distributed MCEs. ZTE think it might be a corner case of several MCEs controlled the same location.

=>  Not pursued
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