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Introduction
The work item on NR Multicast and Broadcast Services was approved in RAN 86 meeting[1], the objects of WI are listed as following 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI.
In this document, the issue on improving reliability of Broadcast/Multicast service is discussed, including UL feedback and receiving MBS data from multi-SSB beams. The proposals are also given..
Discussion 
Supporting CSI report and HARQ-ACK feedback
To improve the reliability of unicast transmission, UL feedback including CSI and HARQ-ACK feedback is supported. CSI report is used for link adaptation with various modulation schemes and channel coding rates, which can improve the radio resource efficiency. For channel state measurement and report, the UE can be configured with CSI-MeasConfig which includes the reference signal configuration and measurement report configuration. Similar with unicast CSI feedback, UE is configured by RRC signalling to estimate channel state and reports it to gNB, and it is not necessary for the UE to know the CSI report is used for unicast or MBS transmission. Transparent principle for UE of reporting CSI minimizes standardization work.
On the other hand, for MBS transmission, link adaptation is based on multi-UE’s CSI report. Since there are a lot of UEs to receive the MBS PDSCH at the same time and the location of UEs are scattered in a cell, the benefit of AMC according to multi-UE CSI reports may not be obvious for the MBS transmission compared with unicast. 
Proposal 1: CSI measurement/ report, if applied, for MBS can reuse the Rel-15 mechanism in unicast. CSI report for unicast and MBS is not differentiated by UE.
In Rel-17 MBS work item, objective A scope is supported. The use case includes public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. Different applications have different reliability requirement. For example, Multi-media traffic such as IPTV has lower reliability requirement than that of data traffic.  HARQ-ACK feedback mechanism enables UE report CRC result of a PDSCH to gNB, and then gNB retransmit the same PDSCH for UE to do combination. To support special MBS services with high requirement of reliability, HARQ-ACK feedback is supported and it is up to gNB to decide which type of traffic needs to enable HARQ-ACK.  
Proposal 2:  HARQ-ACK feedback is supported to improve the reliability of MBS.
To improve the coverage performance, four PUCCH formats are defined for different coverage performance and vary number of feedback bits. For example, PUCCH format 0 and PUCCH format 1 are regarded as a default PUCCH resource set for HARQ-ACK feedback. The UE needs feedback 1 bit HARQ-ACK during the RACH procedure.  When the distance between UE and gNB is small, DCI indicates that PUCCH format 0consuming 1 or 2 OFDM symbols is used. When the distance between UE and gNB is large, DCI indicates that PUCCH format 1 consuming 10 or 14 OFDM symbols is used
Generally, when there are several UEs receiving the MBS data, each UE’s location may be scattered. The UE which locates in the cell edge needs better coverage performance of PUCCH format with more OFDM symbols than the UE which locates in the center of cell need with fewer OFDM symbols. It is assumed that only connected UE can give a feedback of HARQ-ACK, and gNB could know which PUCCH format is suitable for a special UE just like unicast HARQ-ACK procedure. There are two methods can be used for deciding the PUCCH format as followings:
· Option 1: MBS feedback channel is indicated by unicast DCI
For unicast scheduling, the gNB will assign the suitable PUCCH format and the radio resource to UE. If gNB indicates MBS HARQ-ACK to be carried on unicast PUCCH resource, the bit(s) of MBS HARQ-ACK are multiplexed within the unicast feedback bit. The procedure is the same as two feedback bit(s) for two unicast PDSCH transmissions. Thus, the performance of MBS feedback can be guaranteed. 
The benefit of this option is that the feedback channel can be selected based on per-UE channel state, but large number of unicast DCI scheduling is needed.
· Option 2:  MBS feedback channel is indicated by sub-group DCI
Instead of scheduling the DCI based on per-UE, a group UEs can be used to schedule the sub-group DCI, which indicates a PUSCCH format/resource for HARQ-ACK feedback. The PUCCHs are defined as a PUCH group for the sub-group UEs feedback. The construction of the sub-group UEs is implemented by the gNB. 
Proposal 3:  Coverage performance of feedback channel should be considered when supporting HARQ-ACK feedback in MBS.
Proposal 4: HARQ-ACK feedback for MBS can use the resource of: 
· Option 1: Unicast feedback resources, e.g. PUCCH is scheduled by unicast DCI
· Option 2: Sub-group-UE feedback channel, e.g. group PUCCH is scheduled by sub-group DCI.

Supporting multiple SSB beams
In Rel-15, Paging and SIBx message will be broadcasted for all UE in a cell. In single-beam operation, only one SSB is configured. The messages are transmitted one time within a configured window. In multi-beam operation, more than one SSB are configured in SIB1, and UE assumes that the same paging message and the same SIBx message are repeated in all transmitted SSB-beams.
For a MBS traffic transmission, the interested UEs may be anywhere in an SSB-beam area. In order to provide good coverage for all UEs, gNB should repeat the same MBS traffic data in all transmitted SSB-beams, especially for the interested UEs in IDLE/IN_ACTIVE state.
Proposal 5: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
The UE that is in center of SSB-bean area, MBS receiving performance may be good enough, but for the UE that in edge of SSB-beam area, down link channel state may be worse whatever UE select which one SSB-beam to receive MBS data. Since same MBS traffic data may be repeated in neighbor SSB-beams, soft combination of the data from current SSB-beam and neighbor SSB-beams can improve the reliability of the MBS reception. For implementation, gNB should configure the adjacent SSB-beams in MCCH or through RRC signaling, and the soft-combination indication is transmitted in MBS scheduling signaling.
Proposal 6: UE can receive MBS data from neighbor SSB-beam, and the soft-combinination is used to improve the reliability of MBS receptions.
Conclusion 
In this document, the issue on improving reliability of Broadcast/Multicast service is discussed, including UL feedback and receiving MBS data from multi-SSB beams. The observations and proposals are given as following:
Proposal 1: CSI measurement/ report, if applied, for MBS can reuse the Rel-15 mechanism in unicast. CSI report for unicast and MBS is not differentiated by UE.
Proposal 2:  HARQ-ACK feedback is supported to improve the reliability of MBS.
Proposal 3:  Coverage performance of feedback channel should be considered when supporting HARQ-ACK feedback in MBS.
Proposal 4: HARQ-ACK feedback for MBS can use the resource of: 
· Option 1: Unicast feedback resources, e.g. PUCCH is scheduled by unicast DCI
· Option 2: Sub-group-UE feedback channel, e.g. group PUCCH is scheduled by sub-group DCI.
Proposal 5: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
Proposal 6: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
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