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1.	Introduction
The WID on NR Multicast and Broadcast Services was revised in RAN#88e [1]. 
One of the objectives led by RAN1 is to specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state:
· 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 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]
In addition, RAN1 is involved in specification of 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 contribution, we discuss mechanisms to improve reliability of Broadcast/Multicast service.
2.	Discussion
In RAN1#102-e, RAN1 made some agreements on HARQ-ACK feedback:
	For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.



[bookmark: _GoBack]RRC_CONNECTED UEs use PUCCH resources to send HARQ-ACK feedback to unicast PDSCH transmission. However, PUCCH based HARQ A/N for MBS PDSCH would have two drawbacks:
If many UEs receive a MBS PDSCH transmission, each UE should be provided with its own PUCCH resource.
If a UE simultaneously receives multiple MBS PDSCH transmissions for multiple G-RNTIs, it should send multiple PUCCH transmissions for HARQ A/N. Before sending HARQ feedback, UE in RRC_CONNECTED may need to switch to a UL BWP where the PUCCH resources are configured.
Observation: PUCCH based HARQ-A/N would have some drawbacks when it is used for MBS PDSCH. Especially, when many UEs receive a same MBS PDSCH or a single UE receive multiple MBS PDSCHs, the existing PUCCH based HARQ-A/N would not efficiently support MBS PDSCH retransmission.
Considering the drawbacks, RAN1 could take into account the following solutions to support HARQ-ACK feedback for MBS PDSCH transmissions:
Solution 1: NACK-only HARQ feedback on PUCCH.
· UE can only send NACK on a PUCCH resource common to multiple UEs receiving a same MBS TB.
· DCI enables NACK-only HARQ feedback for PDSCH transmission of a MBS TB.
Solution 2: HARQ feedback enabled/disabled indicator in DCI
· Upon receiving DCI enabling HARQ feedback, UE sends PUCCH for HARQ feedback to a MBS PDSCH transmission.
· Upon receiving DCI disabling HARQ feedback, UE sends no PUCCH for HARQ feedback to a MBS PDSCH transmission.
Solution 3: UL Configured Grant for HARQ feedback
· UE can be configured with one or more uplink configured grants which may be associated to MBS PDSCH transmissions.
· UE sends one or more HARQ A/Ns to one or more MBS PDSCH transmissions at the same time 
Solution 4: RACH based HARQ feedback
· Upon receiving MBS PDSCH transmissions, a UE triggers RACH, possibly 2-step RACH, if configured for MBS PDSCH transmissions. The UE sends one or more HARQ A/Ns to one or more MBS PDSCH transmissions via MSG3/A.
Regarding solution 1, multiple UEs can easily share a same PUCCH resource to send HARQ NACK to a same MBS PDSCH transmission, if they are configured with a same UL BWP where the PUCCH resource is configured. However, if a UE simultaneously receives multiple MBS PDSCH transmissions for multiple G-RNTIs, it should send multiple PUCCH transmissions. The UE may support only a limited number of PUCCH transmissions for MBS HARQ feedback. Furthermore, before sending HARQ feedback, UE in RRC_CONNECTED may need to switch to a UL BWP where the PUCCH resources are configured.
Regarding solution 2, if many UEs are receiving a MBS PDSCH transmission, gNB may not rely on HARQ feedback from the UEs. Rather, gNB can blindly repeat MBS PDSCH transmissions of the same MBS TB without any HARQ feedback. Moreover, if a MBS PDSCH transmission is received by not only RRC_CONNECTED UEs but also RRC_IDLE/INACTIVE UEs, gNB may want to blindly repeat MBS PDSCH transmissions of the same MBS TB without any HARQ feedback. Meanwhile, gNB may mix up a blind retransmission and a HARQ feedback based retransmission for PDSCH transmissions of a MBS TB. For example, gNB may disable HARQ feedback for 1st to 3rd PDSCH transmission of a MBS TB and then enable HARQ feedback for 4th PDSCH transmission of the MBS TB to reduce UL resource overhead. Thus, dynamic control of enabling/disabling HARQ feedback will be beneficial for MBS.
Regarding solution 3, if a single UE simultaneously receives multiple MBS PDSCH transmissions for different G-RNTIs, we may want to avoid multiple PUCCH transmissions. This UE could be configured with an uplink CG in UE’s active UL BWP. Upon receiving one or more MBS PDSCH transmissions, the UE uses a CG resource to send HARQ A/Ns on PUSCH for the MBS PDSCH transmissions. The UE can skip a CG resource, if there is no MBS PDSCH reception.
Regarding solution 4, if a UE simultaneously receives multiple MBS PDSCH transmissions for different G-RNTIs, or if a UE cannot use a UE dedicated resource to send HARQ A/N (e.g. due to TAT expiry or idle/inactive state), the UE can trigger RACH. For this purpose, gNB could configure PRACH resources associated to MBS PDSCH transmissions. Especially, using 2 step RACH seems beneficial.
We think each solution has its own benefit(s) and drawback(s). We propose to support the above solutions based on configuration for support of MBS HARQ feedback. 
Proposal 1: Support the following solutions based on configuration for support of MBS HARQ feedback:
Solution 1: NACK-only HARQ feedback on PUCCH.
Solution 2: HARQ feedback enabled/disabled indicator in DCI
Solution 3: UL Configured Grant for HARQ feedback
Solution 4: RACH based HARQ feedback

If only a few UEs receive a MBS TB at a cell, gNB does not need to rely on group scheduling of the TB because if it is the case, the main benefit of group scheduling disappears. Instead, if so, gNB may be able to schedule the MBS TB by CSS Type 3 or USS with C-RNTI in an active BWP where a UE receives unicast transmissions. The UE may be able to avoid monitoring activity on group scheduling for a certain duration in which gNB cannot detect other nearby UEs in the same group. gNB can rely on existing mechanisms on NR DL unicast transmission, even HARQ A/N, to support reliability of the MBS TB.
Observation: If only a few UEs receive a MBS TB at a cell, gNB may be able to schedule the TB by CSS Type 3 or USS with C-RNTI in UE’s active BWP. If so, gNB can rely on existing mechanisms on NR DL unicast transmission, even HARQ A/N and CSI reporting, to support reliability of the MBS TB. 
Proposal 2: Allow gNB to use UE specific scheduling of a MBS TB by CSS Type 3 or USS with C-RNTI in UE’s active BWP.
3.	Conclusion
In conclusion, we propose to discuss the following proposals for mechanisms to improve reliability of Broadcast/Multicast service.
Observation: PUCCH based HARQ-A/N would have some drawbacks when it is used for MBS PDSCH. Especially, when many UEs receive a same MBS PDSCH or a single UE receive multiple MBS PDSCHs, the existing PUCCH based HARQ-A/N would not efficiently support MBS PDSCH retransmission.
Proposal 1: Support the following solutions based on configuration for support of MBS HARQ feedback:
Solution 1: NACK-only HARQ feedback on PUCCH.
Solution 2: HARQ feedback enabled/disabled indicator in DCI
Solution 3: UL Configured Grant for HARQ feedback
Solution 4: RACH based HARQ feedback
Observation: If only a few UEs receive a MBS TB at a cell, gNB may be able to schedule the TB by CSS Type 3 or USS with C-RNTI in UE’s active BWP. If so, gNB can rely on existing mechanisms on NR DL unicast transmission, even HARQ A/N and CSI reporting, to support reliability of the MBS TB. 
Proposal 2: Allow gNB to use UE specific scheduling of a MBS TB by CSS Type 3 or USS with C-RNTI in UE’s active BWP.
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