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Introduction
In RAN2#119e, the following was agreed on shared processing for MBS broadcast and unicast reception [1].
	RAN2 focuses on solutions taking multi-Rx UEs (i.e. no specific enhancements for 1Rx UEs).



In this contribution, we will further analyse the scenarios and problems of shared processing for broadcast and unicast, and propose possible solutions.
Discussion
During Rel-17, it was agreed that a connected UE may receive MBS broadcast service from non-serving cell within the same PLMN. This kind of reception is supported by UE implementation, without impact on the operations of the serving cell(s). There is no corresponding capability or MII (MBS interest indication) reporting enhancement for this case. 
According to the agreement in RAN2#119e, the multi-Rx UEs are targeted in Rel-18, which should be capable of receiving broadcast from non-serving cell(s) and unicast/multicast from serving cell(s) simultaneously, like CA reception. The broadcast and unicast/multicast may belong to the same or different operators. Thus, compared with reserving separate resource for broadcast as illustrated in Figure-1a, it is more beneficial and cost-effective to share the hardware resource between unicast/multicast and broadcast. As in Figure-1b, the hardware resource related to a component carrier can be allocated to either unicast/multicast or broadcast dynamically according to the requirement. For example, when the UE is interested in MBS broadcast services, but the serving cell cannot provide the MBS broadcast services (e.g. not providing SIB21) or the interested broadcast services are from a different operator, the UE can “borrow” the hardware resource for one CC from unicast/multicast side, and “return” it to unicast/multicast afterwards. 
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Figure-1a separate resource for unicast/multicast and broadcast         Figure-1b shared resource 
During the last meeting, the TDM reception between unicast/multicast and broadcast was mentioned by some companies. Some kind of ‘MBS gap’ was suggested to be configured by the network scheduling unicast/multicast based on the DRX/MTCH pattern for broadcast reported by the UE. However, since the broadcast PDSCH was dynamically scheduled, it is hard for the UE or the network scheduling unicast/multicast to determine a MTCH pattern. Besides, the benefit is limited if the broadcast PDSCH is scheduled densely in time. According to the agreement made in the last meeting, RAN2 will focus on solutions on multi-Rx UEs (i.e. no specific enhancements for 1Rx UEs). Therefore, sharing internal UE resource between unicast/multicast and broadcast in a FDM way (i.e. in different CCs) should be the baseline mechanism for Rel-18 MBS. 
Under this baseline assumption, it is necessary for the serving gNB to know how much UE capability can be left for unicast/multicast when there is broadcast reception from non-serving cell simultaneously. Otherwise, the maximum UE capability may be exceeded and there will be decoding failures/packet losses when the network schedules unicast/multicast traffic, e.g. using all the component carriers the UE supports, while the UE is trying to receive broadcast service on one of them. Here we provide our analysis on two possible options to solve this issue.
Opt1: Indicating capability restriction through UE assistance information
In Rel-15, to solve the over-heating problem, it was agreed that a UE can indicate to the network its preference on reduced capabilities through UE assistance information (UAI), including reduced CC numbers, MIMO layers and so on. This mechanism can be reused to inform the network of the restrictions of the unicast/multicast capability when the broadcast reception from non-serving cell would have an impact on the unicast/multicast reception. However, in over-heating scenario, the UE only cares about the amount of reduced processing capability of UE and does not care about which carrier or which band gets de-configured eventually. For example, the UE only requests to reduce the number of CC/MIMO layers, etc. For broadcast reception on the other hand, the used capability includes not only baseband capability but also RF capability. The capability restriction mechanism is only useful in case the current occupied RF capability is compatible with the RF capability required for broadcast reception. Take the following assumptions as an example:
1) A UE is configured with 2CC in Band A for unicast reception
2) And the UE needs to receive broadcast in Band C 
3) And the UE supports Band A (1CC) + Band C (1CC)
In such case, the UE can request to reduce one CC from Band A for broadcast reception and tune to band A+ Band C locally for broadcast reception. However, in some cases where the current used RF capability is not compatible with the RF capability required for broadcast reception, the UE can’t achieve this by dynamic capability update. For example:
1) The UE is configured with Band A for unicast reception,
2) The UE needs to receive broadcast in Band C,
3) The UE does not support CA combination of Band A + Band C,
4) The UE supports CA combination of Band B + Band C.
In such case there is no way for the UE to request unicast/multicast capability reduction for broadcast reception using the mechanism used for overheating. In this case, option 2 can be considered.
Opt2: Capability reporting + MBS reception reporting
In this option, the UE indicates broadcast reception capability in non-serving cell per band per BC level, and when broadcast reception starts in a non-serving cell, the UE initiates the MBS reception reporting to the serving gNB including the band/frequency information for MBS broadcast reception. After that, the serving gNB could remove the configuration for the band used by broadcast reception or reconfigure to a new band combination that can be compatible with the broadcast reception to enable simultaneous unicast/multicast and broadcast reception. 
In our view, compared with capability restriction mechanism in option 1, option 2 is a more effective way considering that option 1 can’t be used in cases where the current used RF capability is not compatible with the RF capability required for broadcast reception. 
Proposal 2: Indicate the UE’s capability of receiving MBS broadcast from a non-serving cell by reusing the NR CA capability framework. 
Proposal 3: The UE should inform the network when it receives/intends to receive the MBS broadcast service from a non-serving cell if shared processing capability is used for unicast and broadcast.
For the network to configure unicast/multicast scheduling properly according to the reported UE capability, except for the band/frequency for broadcast reception, some additional information such as bandwidth, SCS and so on is needed for the network to decide which band or band combination in UE’s CA capability can be used when broadcast is received from a non-serving cell at the same time. For intra-operator non-serving cell broadcast receiving, the network can know such additional information that is used for broadcast reception based on the frequencies indicated by UE. However, in the inter-operator scenario, the network might not know such information based on the indicated frequencies. Therefore, the UE needs to acquire the additional information from the broadcasting cell and report such information to the serving gNB. 
Proposal 4: In addition to the frequency information, additional information such as bandwidth, SCS for non-serving cell broadcast reception should be indicated to the network. FFS whether some other parameters are needed. 
Besides, it should be further decided under which conditions the UE should initiate such reporting procedure. A simple way is to allow the UE to initiate such reporting in case the UE intends to perform MBS broadcast reception from non-serving cell. However, if the target frequency is deployed by the same operator, the information such as SCS and bandwidth of broadcast reception might not be necessary. Therefore, another way is to allow the UE to decide whether to include such additional information based on the PLMN of the target cell.   
Proposal 5: Whether to include additional information (e.g. bandwidth, SCS) for broadcast reception from the non-serving cell depends on the PLMN providing the broadcast service. 
In Rel-17, it was discussed which message is used to carry MBS interest information, i.e. UAI (UE assistance information) message or new RRC message. Considering that LTE had defined a similar RRC message, MII (MBS Interest Indication) was introduced in Rel-17 to indicate the list of MBS frequencies on which the UE is receiving or interested to receive MBS broadcast service. According to the current specification, UE can only initiate MII reporting when SIB21 is provided by the PCell. However, for the broadcast reception from the non-serving cell belonging to different operator from unicast/multicast service, the PCell providing unicast/multicast service may not provide SIB21. This is a possible way ofnetwork implementation. Then if MII message would be used for broadcast reception reporting from the non-serving cell, some enhancement on the condition to initiate the MII message should be studied. Another solution is to reuse UAI message to inform the serving gNB of broadcast reception from the non-serving cell. Whether such assistance information is allowed to report by the UE can be controlled by the serving gNB through RRCReconfiguration message or SIB. 
Proposal 6: RAN2 to discuss which message should be used to inform the serving gNB about MBS broadcast reception from the non-serving cell (e.g. enhanced MII message, UAI message or a new RRC message). 
Conclusion
In this contribution, we provide our analysis on the issues brought by the shared processing of unicast and MBS broadcast. Our proposals are as follows.
Proposal 1: Reception of unicast/multicast and non-serving cell broadcast in a FDM way (i.e. in different CCs) should be the baseline mechanism for Rel-18. 
Proposal 2: Indicate the UE’s capability of receiving MBS broadcast from a non-serving cell by reusing the NR CA capability framework. 
Proposal 3: The UE should inform the network when it receives/intends to receive the MBS broadcast service from a non-serving cell if shared processing capability is used for unicast and broadcast. 
Proposal 4: In addition to the frequency information, additional information such as bandwidth, SCS for non-serving cell broadcast reception should be indicated to the network. FFS whether some other parameters are needed. 
Proposal 5: Whether to include additional information (e.g. bandwidth, SCS) for broadcast reception from the non-serving cell depends on the PLMN providing the broadcast service. 
Proposal 6: RAN2 to discuss which message should be used to inform the serving gNB about MBS broadcast reception from the non-serving cell (e.g. enhanced MII message, UAI message or a new RRC message).
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