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1. Introduction
As we have agreed in RAN2#75, MBMS UE capability shall be clearly defined, in order to provide more thorough enhancement for MBMS service continuity. And the agreements are quoted as the following:
	Reuse the existing SupportedBandCombination IE to derive MBMS related reception capabilities:  I.e. if the network wants to ensure the UE is able to receive MBMS and unicast bearers, it has to ensure that all unicast frequencies and the MBMS frequency are indicated as on supported combination in the SupportedBandCombination signalling.

FFS whether we need additional UE signalling to indicate it supports MBMS reception in only Pcell, or in all frequencies of a bandcombination.


Furthermore we also achieved some agreements in RAN2#77 on the MBMS assistance information, which allows UE to utilize the SAIs from the RAN and the USD to indicate its MBMS interest without reading MCCHs of this frequencies. This kind of new UE behaviours based on SAIs also impacts the MBMSInterestIndication report. In this contribution, we will discuss the MBMS UE capability and the MBMS UE capability related MBMSInteretIndication report. 
2. Discussion
2.1. MBMS UE Capability
(1) Minimum MBMS UE Capability

For a Rel-10 or former UE, the minimum requirement is to be able to receive MBMS on the PCell. MBMS reception on cells other than the PCell is up to UE implementation. When UE cannot support simultaneous MBMS and unicast communication, UE will give up the MBMS reception. This interrupt brings uncomfortable user experience.

In Rel-11, the eMBMS WI was agreed to specify mechanisms to enable the network to provide continuity of the service(s) provided by MBSFN. In order to ensure the service continuity for a RRC-Connected UE, the network needs to try its best to handover the UE to the suitable serving cell(s) where the UE can support simultaneous MBMS and unicast communication. 
Therefore，there are two optional approaches for R11 UE requirement of MBMS reception:

Alt1: Rel-11 MBMS UEs are only required to receive MBSM in PCell, and MBMS reception in other cells is left to UE implementation.
Alt2: Rel-11 MBMS UEs are required to receive MBMS on all frequencies of a BandCombination indicated in the SupportedBandCombination. 

Considering Alt1, the disadvantage of Alt1 is that Alt1 results in more complexities and signaling overheads. Firstly, in order to ensure MBMS service continuity, a UE which does/doesn’t want to receive a MBMS will be handed over to/from the MBMS cell as its PCell upon the start/end of the UE’s interested MBMS service. Secondly, if lots of UEs want the MBMS cell as their PCell, MBMS frequency congestion may occur. Then the number of UEs supported with simultaneous MBMS and unicast transmission will decrease, and this may impact user satisfaction and experience. Thirdly, as eNB does not know whether the UE reporting interested MBMS frequency is only able to receive MBMS in PCell, UE needs to send additional indication to inform eNB if it only supports MBMS reception in PCell. And the design of MBMS UE capability indication will lead to more complexity in MBMSInterestIndication, like when/how to provide this MBMS UE capability indication, because UEs with different capabilities may or may not need to report the capability indication.
With regard to Alt2, if Rel-11 UEs can receive MBMS on its SCell(s), handover signaling overheads can be reduced. And the congestion problem in the MBMS cell can also be alleviated, since receiving MBMS from SCells consumes less network resources of the MBMS frequency while establishing RRC connections.  Additionally, if Alt2 is agreed, there is no need for additional capability indication. Although supporting MBMS reception on all frequencies of a BindCombination may increase the complexity of UE, the extra cost of UE is acceptable, and the additional functions provided by the UE bring more benefits.
According to the above discussions and comparisons, it is proposed:
Proposal 1: The minimum MBMS reception capability of Rel-11 UE is to receive MBMS on all frequencies of a BandCombination indicated in the SupportedBandCombination.
(2) Concurrent MBMS Reception on Multiple Frequencies

Based on proposal 1, we will further discuss the UE capability of concurrent MBMS reception on multiple frequencies:

Alt1: Rel-11 MBMS UEs are required to support MBMS reception on one frequency of a SupportedBandCombination. 

Alt2: Rel-11 MBMS UEs are required to support concurrent MBMS reception on multiple frequencies of a SupportedBandCombination. 
From the perspective of flexibility, Alt1 is the baseline capability of receiving MBMS service, and the requirement of supporting MBMS reception on multiple carriers (i.e. Alt2) is the enhanced capability. Considering diverse receiver configuration and the data processing capability between different UEs, the requirement to support MBMS reception on multiple carriers may not be supported by all UEs. Although Alt2 can improve user experience and the flexibility of MBMS reception, it will bring more requirements on UE capability and additional network complexity for ensuring MBMS service continuity.

As the complexity and cost of UE rises with the increase of the number of concurrent MBMS receptions, we propose that the UE capability of MBMS reception only on one MBMS carrier indicated within the SupportedBandCombination IE is the baseline capability, and the capability of simultaneous MBMS reception on multiple carriers is up to UE implementation.
Proposal2: The baseline MBMS reception capability of Rel-11 UE is to support MBMS reception on one frequency, and the concurrent MBMS reception on multiple MBMS frequencies is left to UE implementation. 
2.2. MBMS UE Capability Related Report
According to the LS [1] from SA4, USD will provide at least TMGI, session start time and where to find the service (MBSFN) frequency and SAIs. In RAN2#77, we agreed that UE can indicate MBMS interest by comparing the SAIs from the RAN and the SAIs from the USD, also as described in running stage 2 CR [2]. And UE should be allowed to indicate more than one MBMS frequency in the MBMSInterestIndication message. That is to say, UE can obtain all the MBMS frequencies info, and the frequencies may/may not be included in the BandCombination indicated in SupportedBandCombination IE. However, according to its MBMS reception capability, UE may/may not be able to receive MBMS on all of its interested frequencies which are indicated based on SAIs. Here, we discuss the issues related to UE’s interested MBMS frequency report in the following three aspects. 
(1) UE without multiple MBMS reception capability.

Currently, it is still open that the Rel-11 UE without multiple MBMS reception capability should report one or more interested MBMS frequency/frequencies. As eNB does not know if UE is only able to receive MBMS on only one frequency, the possible configuration that a UE without multiple MBMS reception capability is configured with multiple interested MBMS frequencies causes an unnecessary waste for both the network and the UE. Anyway, even if only one interested MBMS frequency is required to report, UE’s autonomous interest/decision needs to be satisfied no matter whether the interested MBMS frequency is congested or not. Moreover, to report more than one MBMS frequencies seems introducing more signaling overhead, more complexity. Therefore, the UE without multiple MBMS reception capability shall report only one interested MBMS frequency to eNB and the MBMS frequency which such UE choose to report is left to UE’s implementation if such UE is interested in more than one MBMS frequencies.

Proposal 3: For Rel-11 UE which cannot concurrently receive MBMS on multiple frequencies, only one frequency is reported in MBMInterestIndication. If the UE has more than one interested MBMS frequencies, the selection of the reported frequency is left to UE implementation.
(2) UE with multiple MBMS reception capability.

According to the current consensus, Rel-11 UE can report more than one interested MBMS frequencies if it has the capability of multiple MBMS reception. And the interested MBMS frequencies could cross several SupportedBandCominations. Therefore, there are three optional approaches for such UE to report its interested MBMS frequencies:

Alt1: While the interested MBMS frequencies are within multiple SupportedBandCombinations, Rel-UE reports a list of interested MBMS frequencies which belong to the SupportedBandCombinations.
Alt2: The interested MBMS frequencies reported only belongs to one SupportedBandCombination.
Alt3: Rel-11 UE reports interested MBMS frequencies without any limitations.

Considering Alt1, even though several SupportedBandCombinations could include the interested MBMS frequencies, eNB can only configure UE with only one SupportedBandComination each time. Then, eNB needs to select only one SupportedBandComination according to the frequencies reported. However, eNB’s selection of frequencies may not satisfy UE’s real interests. By contrast, Alt2 allows UE to select one SupportedBandCombination and report its interested frequencies within the SupportedBandCombination. Alt2 gives UE more flexibility and introduces less signaling overhead while reporting interested frequencies. In terms of Alt3, reporting interested MBMS frequencies beyond the range of one BandCombination will need eNB to select MBMS frequencies which are configurable within a SupportedBandCombination. eNB’s selection on SupportedBandCombinaiton and frequencies may not fulfill the MBMS interest of the UE. As such, Alt2 is a preferable.

In addition, one further/relevant assumption is shown as follows: if m interested MBMS frequencies are reported, due to user’s own capability (i.e. processing and buffer capability), only n (n<m) MBMS frequencies can be received and handled simultaneously. Then, the reporting beyond UE capability of MBMS reception (i.e. (m-n) frequencies) increases network complexity (especially when the interested frequencies reported belong to more than one supported band combinations), and the range of UE’s autonomous decision on MBMS reception could be reduced (i.e. the priority of choosing different MBMS frequencies cannot be reflected). 

Therefore, more requirements should be added to Alt2: the number of MBMS frequencies reported shall not be more than the maximum number of frequencies supported by UE in order to simultaneously receive multiple MBMS services.
Proposal 4: For Rel-11 UE which can receive MBMS on multiple frequencies, the interested frequencies indicated in the MBMSInterestIndication shall be no more than the concurrent MBMS reception frequencies, and shall be within a SupportedBandCombination. 

3. Conclusion
According to the discussion in section 2, it is proposed that:
Proposal 1: The minimum MBMS reception capability of Rel-11 UE is to receive MBMS on all frequencies of a BandCombination indicated in the SupportedBandCombination.
Proposal2: The baseline MBMS reception capability of Rel-11 UE is to support MBMS reception on one frequency, and the concurrent MBMS reception on multiple MBMS frequencies is left to UE implementation. 

Proposal 3: For Rel-11 UE which cannot concurrently receive MBMS on multiple frequencies, only one frequency is reported in MBMInterestIndication. If the UE has more than one interested MBMS frequencies, the selection of the reported frequency is left to UE implementation.
Proposal 4: For Rel-11 UE which can receive MBMS on multiple frequencies, the interested frequencies indicated in the MBMSInterestIndication shall be no more than the concurrent MBMS reception frequencies, and shall be within a SupportedBandCombination.
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