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1. Introduction
In RAN2#75bis, the HO ping-pong related to intra-frequency MBMS was discussed in [1]. And we achieved the following consensus [2]:

	=>
Can discuss further whether a cell may broadcast MBMS SAIs of intra-frequency neighbouring cells in the SI in order to avoid the ping-pong effect explained in R2-121634 [1].


In this contribution, we analyze the issues related to intra-frequency MBMS in more details, and some possible solutions of solving these issues. 
2. Discussion
2.1. Issue Analysis on Intra-frequency MBMS
Figure 1 illustrates the scenarios used to analyze the issues related to intra-frequency MBMS. As shown in Figure 1, UE is camping in Cell1. Cell1 belongs to SAI1. Cell2 belongs to SAI2. Cell3 belongs to SAI3. And Cell4 belongs to SAI4. Cell1 and Cell2 are on the frequency of f1. Cell3 and Cell4 are on the frequency of f2.
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Figure 1: Analysis on Intra-frequency MBMS
1) Analysis on RRC_CONNECTED UE:
If a RRC_CONNECTED UE is interested in SAI2 and SAI3, the UE camping in Cell1 may indicate f2 as its interested MBMS frequency. The source eNB knows that Cell3 and Cell4 are providing MBMS on f2. But without knowing UE’s interested SAI, the source eNB does not know which cell is providing the MBMS services which the UE is actually interested in. As such, the UE could be handed over to Cell4 with un-interested SAI4. After being handed over to Cell4, the UE may indicate f1 as its interested MBMS frequency due to its interest in SAI2. As such the UE could be handed over back to Cell1 because the eNB does not know if the UE is interested in SAI1 or SAI2 or both. Then ping-pong handover occurs. According to the analysis on RRC_CONNECTED UE, we have the following observations:
Observation 1: While reporting interested MBMS frequencies, RRC_CONNECTED UE could be handed over to a cell with un-interested SAI.

Observation 2: Ping-pong handover could occur due to the reporting of interested MBMS frequencies.

2) Analysis on RRC_IDLE UE:
If a RRC_IDLE UE is interested in SAI2 and SAI3, the UE camping in cell1/f1 may set f2 as the highest priority, because the UE does not know if f1 is providing its interested MBMS SAI2 in cell2. Then the UE could reselect to Cell4. After the reselection to Cell4, the UE discovers that Cell4 is not providing its interested MBMS SAI3, and f1 is providing its interested MBMS SAI2. And the UE may set f1 as the highest priority for cell reselection. Then the UE could reselect back to Cell1. Thus ping-pong reselection occurs. Based on the analysis on RRC_IDLE UE, we have the observation as the following:
 Observation 3: Ping-pong reselection could occur due to the prioritizing of interested MBMS frequencies. 
2.2. Solutions to the issues of intra-frequency MBMS
As mentioned in [1], by including the MBMS SAIs of intra-frequency neighboring cells in the system information, ping-pong handover can be solved. Additionally, IDLE UE can also use the MBMS SAIs of intra-frequency neighboring cells to avoid ping-pong reselection.
Observation 4: By including intra-frequency MBMS SAIs in system info, ping-pong handover/reselection can be avoided. But the issue mentioned in Observation 1 is not solved.
However, as analyzed above, even though the MBMS SAIs of intra-frequency neighboring cells are broadcast in the system information, RRC_CONNECTED UE could still be handed over to a cell which is not providing UE’s interested MBMS SAIs as the interested SAIs are not reported to the eNB. If UE reports its interested SAIs instead of interested MBMS frequencies, eNB is able to know exactly which SAI UE is interested in. Then UE can be correctly handed over to the cell with its interested SAI. And the ping-pong handover can also be solved accordingly.
Observation 5: By reporting interested SAIs instead of interested frequencies, UE can be correctly handed over to the cell with interested SAI, and ping-pong handover can be solved.
Considering the ping-pong reselection mentioned in observation 2 when UE is interested in SAI2 and SAI3, a UE camping in Cell1 can record that f2 is providing SAI3 and SAI4, and f1 is providing SAI1 according to the SAIs provided in SI. After reselecting to Cell4 due to its interest in SAI3, the UE can also record that f1 is providing SAI1 and SAI2, and f2 is providing SAI3. Then, UE can have the full records of SAIs for both f1 and f2. Thus, by utilizing the historical records of SAIs, IDLE UE can avoid the ping-pong reselection by more efficient and practical implementation.
Observation 6: By utilizing historical records of SAIs, ping-pong reselection due to MBMS based prioritization can be solved.
As the intra-frequency MBMS scenarios are at the corner between different SAIs and MBSFNs, we suggest RAN2 to firstly discuss the necessity of solving the issues related to the intra-frequency MBMS scenarios.
Proposal 1: RAN2 is requested to discuss the necessity of solving the issues related to the intra-frequency MBMS scenarios.
According to the observations discussed above, we have the following proposals:
Proposal 2: It is not essential to include the MBMS SAIs of intra-frequency neighboring cells in system information, in order to solve ping-pong issues.

Proposal 3: It is proposed that RRC_CONNECTED UE reports interested SAIs instead of interested frequencies to solve the issues mentioned in Observation 1 and 2.
3. Conclusion
As UE can utilize the assistance information provided by both system information and USD to indicate its MBMS interest, some issues (such as ping-pong and unexpected handover) due to indicating such MBMS interest could occur. By analyze the issues and solutions to intra-frequency MBMS, we have the following observations.
Observation 1: While reporting interested MBMS frequencies, RRC_CONNECTED UE could be handed over to a cell with un-interested SAI.

Observation 2: Ping-pong handover could occur due to the reporting of interested MBMS frequencies.
Observation 3: Ping-pong reselection could occur due to the prioritizing of interested MBMS frequencies.
Observation 4: By including intra-frequency MBMS SAIs in system info, ping-pong handover/reselection can be avoided. But the issue mentioned in Observation 1 is not solved.
Observation 5: By reporting interested SAIs instead of interested frequencies, UE can be correctly handed over to the cell with interested SAI, and ping-pong handover can be solved.
Observation 6: By utilizing historical records of SAIs, ping-pong reselection due to MBMS based prioritization can be solved.

According to the observations given above, our proposals are given below:
Proposal 1: RAN2 is requested to discuss the necessity of solving the issues related to the intra-frequency MBMS scenarios.
Proposal 2: It is not essential to include the MBMS SAIs of intra-frequency neighboring cells in system information, in order to solve ping-pong issues.

Proposal 3: It is proposed that RRC_CONNECTED UE reports interested SAIs instead of interested frequencies to solve the issues mentioned in Observation 1 and 2.
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