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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
3GPP Rel-17 work item for Multicast and Broadcast Services (MBS) was approved in [1]. Among the key objectives, the scope of this WI includes specifying required changes to improve reliability of Broadcast/Multicast services, and the level of reliability should be based on requirements of the application/service provided.
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, 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]




During RAN1#102-e meeting, some high-level agreements were made on reliability aspects of MBS. They are:
	Agreements:
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.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 



 In this contribution, we discuss techniques and solutions to improve reliability.
Multicast HARQ-ACK operation
From RAN1#102e meeting, we have the agreement that for RRC_CONNECTED UEs, the HARQ-ACK feedback mechanism is supported for multicast.  In this section, we further discuss the specific details of this UL feedback mechanism. 
NACK-only based HARQ operation
In NACK-only method of HARQ feedback, a UE transmits NACK when the TB decode fails. The gNB would receive a NACK if any of the UEs in the MBS group transmit a NACK. With this mechanism, the gNB would not be able to distinguish which UE transmitted NACK or how many UEs transmitted NACK. On the receipt of one or more NACKs, the gNB would then be able to retransmit the corresponding TB that UE/UEs fails to decode. 
Analysis and details of the DCI that schedule the group-common PDSCH and the scheduling details of frequency resource of the transmission and retransmission are given in our companion paper [2].
Below we discuss the HARQ-ACK feedback related details such as PUCCH resource configuration and the timing relationship between the NACK and the retransmission of the corresponding TB. 

NACK-only PUCCH Resource Configuration
In NACK-only feedback, all the UEs in the MBS group share a common PUCCH resource. With multiple HARQ processes, the gNB can continue to transmit the main MBS TB transmissions. The retransmission of this mechanism relies on UEs in the MBS group to transmit NACK at a given common PUCCH resource when they fail to decode the TB. The common PUCCH resource is indexed according to the number of HARQ processes. In this configuration, NACK and retransmission is not UE-specific but only per HARQ process ID. The NACK would correspond to the particular TB and its HARQ process ID. 
Proposal 1: A common PUCCH resource for MBS HARQ feedback is defined. 
· This common PUCCH resource is in addition to any PUCCH that NR unicast may have.
· The common PUCCH resource is indexed based on the HARQ process number
· The common-RNTI scrambled DCI PRI field indicate orthogonal PUCCH resources per HARQ process ID to transmit UL feedback.  

Unlike ACK-NACK method of HARQ, the NACK-only feedback is independent of the number of UEs, thus the PUCCH resources do not scale with the number of UEs. When the number of UEs in MBS group is large, the number of the common PUCCH resources for NACK-only method is limited.  Thus, the NACK-only HARQ feedback can be the baseline for MBS, if HARQ based reliability is enabled. On the other hand, in NACK-only HARQ is harder to multiplex and more details are provided below in Section 2.3.  
Proposal 2: Support NACK-only HARQ-ACK operation 
Retransmission timing relationship
[bookmark: _Hlk54301038]For HARQ-ACK feedback and timing relationship details, the UL opportunity periodicity is paramount.  In some configurations, the UL opportunities are readily available to send the NACK perhaps even in the same slot as MBS PDSCH. In the DCI, the PDSCH-to-HARQ_feedback timing indicator field defines the time gap between PDSCH transmission and the transmission of the PUCCH that carries ACK/NACK for the PDSCH. The PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, say for DCI format 1_1 the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of number of slots provided by dl-DataToUL-ACK.
When a set of frequency resources are allocated for group-common PDSCH, both the main MBS TB transmission and any retransmission take place in that given set of frequency resources.  As shown in Figure 1 if UL opportunities are available, for a given NACK the retransmission of the failed TB can be immediately in the following slot. If UL opportunities are not readily available to send the NACK, the retransmissions are staggered in subsequent slots as shown in Figure 2.  


Figure 1 Retransmission for HARQ feedback every slot

 
Figure 2 Retransmission for HARQ feedback every other slot (due to available UL opportunity)
The above HARQ retransmissions can introduce some HARQ-ACK delay and interruptions.  For any high reliability MBS cases, or delay-sensitive services this interruption and delay on the main-stream of MBS transmission due to retransmission(s) are not desirable. One way to eliminate this interruption due to retransmissions are scenarios where the frequency resources for the main MBS transmission and the frequency resources for retransmission of TBs can be separated (FDMed) – thus,  the gNB can continue to transmit the main MBS TB transmissions while the retransmission of previous TBs would not interrupt / cause delay to the main MBS transmissions, as shown in Figure 3. There are also other scenarios, such as wider bandwidth, where scheduling more than one TB in a slot is desired. Scheduling more than one TB at a time requires either multiple GC-PDCCH or a GC-PDCCH that can schedule more than one TB. The latter may be preferred, as scheduling simultaneous TBs with a single DCI can reduce UE DCI decoding complexity as well as blocking, which is a concern as broadcast/multicast may need high aggregation level for reliability. In general, reducing blocking in any scenario is also a reason to be able to schedule multiple TBs with a single DCI. 
Observation 1:  HARQ retransmissions in the same frequency resource as main MBS transmission can introduce some HARQ-ACK delay and interruptions. For any high reliability MBS cases, or delay-sensitive services this interruption and delay due to retransmission(s) are not desirable.



Figure 3 Retransmission in another Group-common PDSCH frequency resource

Proposal 3: Allow scheduling more than one MBS TBs within a single DCI 

ACK-NACK based HARQ operation
NR unicast HARQ-ACK feedback mechanism should be the baseline. For ACK-NACK based HARQ, a UE generates A/N based on the decoding result. However, there are cases were UE-specific ACK-NACK resources for MBS can be beneficial: for instance, if the group is small, it is helpful for the gNB to know which UE(s) are sending NACK, so that link parameters can be adjusted accordingly. For large group of UEs, this solution is probably not needed since the gNB would have to allocate and monitor a large set of PUCCH resources. 
Proposal 4: UE-specific, ACK-NACK based feedback is supported at least for small groups
For UE-specific ACK-NACK feedback, the network needs to configure PUCCH resources orthogonally for different UEs. Following the similar concept of HARQ operation in unicast service, an MBS UE can send out its MBS decoding status to the network. The decoding status can be an ACK indicating decoding success or may be a NACK indicating decoding failure. If the UE feedback is a NACK, the network retransmits the data block for the UE. In a UE-specific ACK-NACK based HARQ operation, the network retransmission can be multicast to all the UEs or unicast to the UE.
Observation 2:  In a UE-specific ACK-NACK based HARQ operation, the retransmission can be multicast to all the UEs or unicast to the UE.

A/N based PUCCH Resource Configuration
For this UE-specific HARQ-ACK feedback, network needs to configure orthogonal PUCCH resources for UEs in the same MBS group by RRC, and optionally the PRI field in DCI can be used to configure the resources. It should be noted that there could be a NR unicast in the same BWP and the network needs to configure separate PUCCH resources for the multicast and unicast. 
As per TS 38.213 Clause 9.2.3 “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.” If there is a unicast and multicast TBs in the same slot, the HARQ-ACK feedback mechanism should be further discussed – whether to allow more than one PUCCH with HARQ-ACK in the same slot or to consider multiplexing/prioritization. In our opinion, both solutions should be considered.   We present multiplexing of UL HARQ-ACK feedback related discussions in Section 2.3. We look at the differences on PUCCH configurations for unicast and multicast. 
[bookmark: _Hlk53590847]Observation 3:  Currently, there is a limitation on the transmitting more than one PUCCH with HARQ-ACK information in a slot.  
Proposal 5: If there are unicast and multicast TBs in the same slot, the HARQ-ACK feedback mechanism should allow more than one PUCCH with HARQ-ACK in the same slot and/or to consider multiplexing/prioritization
Configuration of PUCCH resources for MBS is complex. Since the number of UEs in a MBS group can vary as UEs can dynamically join or leave the MBS group, configuring common PUCCH resource orthogonally per UE basis is challenging. Also, since the UEs may be distributed throughout the cell coverage area, the MBS PUCCH coverage performance can also be an issue.  UE-specific orthogonal PUCCH resource configuration must consider the PUCCH format, number of symbols (and multiplexing possibilities.)

Multiplexing and Prioritization
[bookmark: _Hlk54100661]For RRC_CONNECTED UEs, unicast and multicast PDSCH can be scheduled for every DL slot. So, the corresponding HARQ-ACK feedback can also be available at the same time (assuming UL opportunity available). This section discusses such events of multiple UL feedback transmissions and potential conflicts. The procedure for multiplexing of the HARQ-ACK feedback of unicast and multicast transmissions should be discussed in detail. Due to differences in reliability requirements for the services in unicast and multicast, prioritization may also be needed.
[bookmark: _Hlk54100675]For prioritization, the UE would follow existing multi-bearer prioritization/QoS rules.
Proposal 6: For the cases when HARQ-ACK feedback is available for both unicast and multicast transmissions, the multiplexed or prioritized HARQ-ACK is sent in UE-specific PUCCH resource and not in common PUCCH resource. 

Enabling/Disabling HARQ-ACK process
NR MBS is envisaged to support diverse use cases and services that have wide range of reliability requirements.  Use case such as public safety, V2X applications, IPTV, software/firmware delivery, IIoT presents varying different reliability requirement and a single reliability solution may not be sufficient.  
The HARQ-ACK feedback is an important and a necessary tool for the gNB to ensure that UEs in the group receives multicast data with high degree of reliability. With feedback, the gNB would have better link adaptation to choose higher order modulation and higher code rate for initial as well as for retransmissions. 
· When the reliability requirement of a service is low, HARQ-ACK feedback may not need to be supported. Therefore, gNB should have the flexibility to enable and disable the HARQ-ACK feedback for different services. 
· Such enabling and disabling can be done through RRC configuration with optionally in DCI 

Proposal 7: HARQ-ACK feedback enabling and disabling is supported.

Slot-level Repetition
PDSCH repetition mechanism is supported in current specification. Multiple methods, such as slot-level repetition, can be enabled – (i) number of repetitions can be configured by RRC signaling semi-statically, (ii) enhancements in Rel-16 URLLC, indicating the number of repetitions in DCI, can be reused for MBS.
However, the spectral efficiency of repetition is relatively low, and it is hard for network to configure the proper repetition number in a real deployment. Blind repetition without any feedback is not an efficient method and a poor use of resources.  For multicast transmission, if repetition is used, it should be used in conjunction with a feedback scheme.  Broadcast service where feedback is not possible, such repetition could be the only method for improving reliability.  So, there are some very limited scenarios where this feature could be useful.
Observation 4: PDSCH repetition mechanism is supported in current specification. If enabled for MBS, we do not anticipate major work. 
Observation 5: Slot-level repetition without any feedback is poor use of group-common frequency resource. For broadcast services where feedback is not possible, such repetition can be helpful.
Proposal 8: For broadcast, if slot-level repetition is the only method for improving reliability, this feature can be enabled. FFS for multicast.
CSI feedback
For RRC_CONNECTED UEs, the existing CSI feedback framework including CSI-RS resource configuration, CSI measurement and reporting are flexible enough and can be directly applied for NR MBS.  For unicast transmissions, CSI feedback framework is an excellent tool and network can perform better link adaptation, dynamically configure MCS, precoding, and improve transmission reliability and spectral efficiency. However, the usefulness of CSI feedback for MBS transmission and scheduling group-common PDSCH should be further discussed. When the number of UEs in a MBS group is large, the CSI feedbacks from multiple UEs in the group may not be too useful to schedule group-common PDSCH.   For such a large group of UEs, CSI feedback from all UEs within the MBS group could trigger a significant signaling overhead. In a specialized case, like if CSI report is considered for UE-specific retransmission or with beams, then CSI feedback could be useful.  
Observation 6:  For RRC_CONNECTED UEs, CSI feedback framework could be appliable to MBS with minimal or no spec impact.  However, the usefulness and spectral efficiency improvements to schedule a group-common PDSCG is also limited, especially for large groups.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed and presented our views on improving reliability for multicast and broadcast services. Some of the observations and proposals are:
Proposal 1: A common PUCCH resource for MBS HARQ feedback is defined. 
· This common PUCCH resource is in addition to any PUCCH that NR unicast may have.
· The common PUCCH resource is indexed based on the HARQ process number
· The common-RNTI scrambled DCI PRI field indicate orthogonal PUCCH resources per HARQ process ID to transmit UL feedback.  
Proposal 2: Support NACK-only HARQ-ACK operation 
Observation 1:  HARQ retransmissions in the same frequency resource as main MBS transmission can introduce some HARQ-ACK delay and interruptions. For any high reliability MBS cases, or delay-sensitive services this interruption and delay due to retransmission(s) are not desirable.
Proposal 3: Allow scheduling more than one MBS TBs within a single DCI 
Proposal 4: UE-specific, ACK-NACK based feedback is supported at least for small groups
Observation 2:  In a UE-specific ACK-NACK based HARQ operation, the retransmission can be multicast to all the UEs or unicast to the UE.
Observation 3:  Currently, there is a limitation on the transmitting more than one PUCCH with HARQ-ACK information in a slot.  
Proposal 5: If there are unicast and multicast TBs in the same slot, the HARQ-ACK feedback mechanism should allow more than one PUCCH with HARQ-ACK in the same slot and/or to consider multiplexing/prioritization
Proposal 6: For the cases when HARQ-ACK feedback is available for both unicast and multicast transmissions, the multiplexed or prioritized HARQ-ACK is sent in UE-specific PUCCH resource and not in common PUCCH resource. 
Proposal 7: HARQ-ACK feedback enabling and disabling is supported.

Observation 4: PDSCH repetition mechanism is supported in current specification. If enabled for MBS, we do not anticipate major work. 
Observation 5: Slot-level repetition without any feedback is poor use of group-common frequency resource. For broadcast services where feedback is not possible, such repetition can be helpful.
Proposal 8: For broadcast, if slot-level repetition is the only method for improving reliability, this feature can be enabled. FFS for multicast.
Observation 6:  For RRC_CONNECTED UEs, CSI feedback framework could be appliable to MBS with minimal or no spec impact.  However, the usefulness and spectral efficiency improvements to schedule a group-common PDSCG is also limited, especially for large groups.
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