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1 Introduction

In this document, we discuss the ambiguity in MBMSCountingResponse when UE is receiving eMBMS on SCell or non-serving cell when the operator deploys multiple frequencies and/or multiple cells of eMBMS services. 
The ambiguity is because the MBMSCountingResponse message only contains mbsfn-AreaIndex-r10 which indicates the index of the entry in field mbsfn-AreaInfoList within SIB13. When serving eNB receives the MBMSCountingResponse message, the serving eNB may not know which eMBMS service and cell the UE is refering to in the MBMSCountingResponse message.   

This document will discusses scenarios when the ambiguity can occur, and proposes possible solutions. 
2 Discussion
Scenario 1 UE is receiving 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.
Scenario 2: UE is receiving 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.

Solution

To resolve the ambiguity, there could be a few possible options. 

Option 1: Scheduling counting request in sequence among multiple frequencies.
The option 1 has disadvantage of increasing the latency of counting procedures and requiring inter-MBSFN-area coordination. In addition, it requires the eNBs to coordinate when scheduling counting request.   

Option 2: Adding MBSFN Area Id in the MBMSCountingResponse message. 

The option 2 is to add MBSFNAreaId in the MBMSCountingResponse message to indicate the MBSFN Area where the UE receives MBMSCountingRequest message when UE receives eMBMS and replies to MBMSCountingRequest message on SCell or non-serving cell; and if UE receives eMBMS and replies to MBMSCountingRequest on PCell, then there is no need to add.

The option 2 requires network to use different MBSFN Area Id across multiple frequencies in scenario 1.  This has disadvantage of constraining reuse of the MBSFN Area ID on different frequencies.  Furthermore, in scenario 2, the serving eNB still cannot determine which cell or eNB that UE replies for. In addition, it requires the eNBs to coordinate when scheduling counting request.
Option 3: Adding DL carrier frequency in the MBMSCountingResponse message.
The option 3 is to add DL carrier frequency information, e.g. ARFCN-ValueEUTRA (or Measurement Object), in the MBMSCountingResponse message, when UE receives eMBMS and replies to MBMSCountingRequest message on SCell or non-serving cell; and if UE receives eMBMS and replies to MBMSCountingRequest on PCell, then there is no need to add.

The option 3 can resolve ambiguity in scenario 1.  However, in scenario 2 that eMBMS is deployed on multiple cells (or multiple eNBs) on the same frequency, MBMSCountingResponse has same frequency information, and therefore option 3 cannot resolve ambiguity. 

Option 4: Adding cell Identity in the MBMSCountingResponse message.

The option 4 is add cellIdentity in the MBMSCountingResponse message when UE receives eMBMS on SCell or non-serving cell and if UE receives on PCell, then there is no need to add.

The option 4 can resolve ambiguity of both scenarios 1 and 2.

3 Conclusion 

From the analysis in Section 2, it is concluded that only Option 4 can resolve the ambiguity completely in the following scenarios.

· Scenario 1: Network broadcasts eMBMS on multiple frequencies, and UE is receiving eMBMS on multiple frequencies as PCell and/or SCell(s)
· Scenario 2: Network broadcasts eMBMS on multiple cells (or eNBs) on single frequency, and UE is receiving eMBMS on non-serving cell. 
Hence, we have the following proposal. The reference CR is R2-165622.
Proposal 1: RAN2 to agree on the following solution to fix the ambiguity in the counting procedures when UE can receive eMBMS in SCell or non-serving cell:
· Adding cell Identity in the MBMSCountingResponse message.

Proposal 2: The specification change will be done from Release 13, although the issue exists from Release 11.
4 Reference

R2-165622, Introducing cell identity in MBMSCountingResponse, 36.331 CR, Qualcomm Incorporated.
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