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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 objectives, the scope of this WI includes specifying required changes to improve the 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#103-e meeting, some high-level agreements were made on reliability aspects of MBS [2]. In this contribution, we discuss techniques and solutions to improve reliability following those agreements.

Feedback signaling
Background
In the RAN1#103e meeting, the following agreements regarding feedback signaling were achieved. The first agreement is whether to support 1) ACK/NACK based feedback; 2) NACK-only based feedback; or 3) both.
	Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· [bookmark: _Hlk61529102]NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 



Discussion for HARQ-ACK feedback
The decision to support ACK/NACK based HARQ-ACK feedback and/or NACK-only based HARQ-ACK feedback is related to the transmission scheme. For a background of similar feedback, a review of sidelink signaling is useful. The SCI (section 8.4.1.1 in [4]) signals whether a transmission is broadcast, groupcast with ACK/NACK feedback, groupcast with NACK-only feedback as well as unicast. In addition, there is a bit to enable/disable the transmission of feedback. This review shows that both types of feedback (ACK/NACK and NACK-only as well as none) have been supported in NR for groupcast. 
There are advantages/disadvantages to each type of feedback for MBS as enumerated in the following table.
Table 1. Observations about feedback
	Feedback
	Advantages
	Disadvantages

	None
	· A large number of users
·  Less sensitive to PDCCH reliability
	· Higher than necessary reliability to receive PDSCH successfully for many UEs.

	ACK/NACK
	· For a small number of users, a dedicated control channel can be used for scheduling retransmissions
· Can adjust coding rate based on feedback
	· Large overhead for many UEs

	NACK-only
	· For a small number of users, a dedicated control channel can be used for scheduling retransmissions
· Can adjust coding rate based on feedback
· Can have a common feedback resource to aggregate the NACK(s)
· A UE transmits only transmits due to packet received in error
· When coupled with SPS, decoding PDCCH is not necessary (the gNB knows that the UE has a scheduling assignment.
	· PDCCH needs to be very reliable because if a UE does not decode the PDCCH, then it will not send anything, which is interpreted as an implicit ACK




From the table, both ACK/NACK based and NACK-only based HARQ-ACK feedback have benefits under certain operating conditions. For example, the transmission scheme and type of feedback can be tied together, such as using PTM scheme 1 and PTM scheme 2 together. The UEs scheduled using PTM scheme 2 can use NACK-only feedback while the UEs scheduled with PTM scheme 1 can use ACK/NACK based feedback. The UEs scheduled using PTM scheme 2 can be closer to the gNB and may not require higher reliability PDCCH.
Thus, to allow network flexibility for the services provided, 
Proposal 1: Both ACK/NACK based and NACK-only based HARQ-ACK feedback should be supported at least PTM scheme 1.
While UE capability will be discussed later, we expect HARQ support, especially for NACK-only based HARQ-ACK feedback, to be optional.
Discussion for PUCCH resources
[bookmark: _Hlk60833949]In RAN1#103e, there were some agreements about the PUCCH resources for ACK/NACK based and NACK-only based HARQ-ACK feedback.
	Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration

Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format



The PUCCH design for ACK/NACK based feedback is complicated by several factors:
1) If shared resources are used (option 1), DAI sequencing is more complicated. How will the network / UE know whether a PDCCH was missed because the DAI sequencing for a unicast may not be same for different UEs when the PDCCH for MBS is sent.
2) If separate resources are used (option 2), then there is a possibility that a UE may have to transmit in two different resources in the same symbol(s). This may create PAPR/modulation issues that have to be resolved. This event is more likely with TDD configurations (where multiple HARQ-ACK bits are multiplexed in the same slot). Note that separate resources are not currently allowed in 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” [3].
3) Note that if both ACK/NACK and NACK-only feedback schemes are supported, it may be desirable to use separate resources so that UE behavior is consistent for both feedbacks (less standardization work).
Observation 1: several technical issues for Option 1/Option 2 should be considered before selecting the PUCCH resource for ACK/NACK based feedback.
Discussion for enabling feedback
In RAN1#103e, there were some agreements about enabling HARQ-ACK feedback.
	Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling




In the discussion about these options, comparisons to the sidelink are provided when applicable.
· Option 1: The advantage is the network can indicate whether feedback for a particular transmission is needed. The drawback is the overhead in the DCI when the feedback control does not change frequently. For the sidelink, a bit in the second stage SCI indicates whether feedback is enabled/disabled on a real-time basis. If either option 1 or option 3 is agreed, standardizing the DCI-based control can be based on SCI-based feedback control. 
· Option 2: The advantage is when conditions do not change much, a semi-static configuration avoid the overhead in the DCI. RRC configuration can target all UEs or a group of UEs. The disadvantage is the delay in changing the control because RRC signaling of feedback control is needed for each targeted UE. For the sidelink, the field sl-PSFCH-Period indicates if HARQ feedback for all transmissions in the resource pool is disabled. If either option 2 or option 3 is agreed, standardizing the RRC-based control can be based on the SL.
· Option 3: The advantage is the network can configure whether feedback is enabled/disabled for all UEs (globally) or for some UEs (locally via RRC signaling). If the RRC configuration indicates that feedback is disabled for a UE, that UE can disregard the feedback control field in the DCI and use the default behavior for feedback. Option 3 provides the network more management flexibility as described in [3]. 
· Option 4: MAC based signaling is appropriate when the changing feedback control is moderately slow (perhaps as small as 20 slots), and it requires less overhead than RRC signaling. The drawback is analogous to option 2: the length in time needed to change the feedback mechanism for many UEs. 
· Option 5: The advantage is the network can configure whether feedback is enabled/disabled for all UEs (globally) or for some UEs (locally). The MAC-based signaling is applied as needed.
Option 3 is preferred because having RRC configuration for enabling/disabling feedback for all UEs or a group of UEs allows the network to manage feedback traffic. With DCI signaling, the feedback can be managed in a real-time basis or to manage network resources. Thus: 
Proposal 2: Support option 3 where RRC configures the enabling/ disabling function and DCI indicates enabling /disabling.

Reliability
Several elements used to improve the reliability of the shared channel are:
1) Low MCS
2) Slot-level repetition
3) HARQ retransmissions
Slot-level repetition was discussed in RAN1#103e with some options to consider for this meeting. Note the standardization efforts for repetitions are minor because they were introduced as enhancements in Rel-16 URLLC where the number of repetitions is indicated in DCI. Slot-level repetition does have drawbacks as captured in [3]. Mainly, the spectral efficiency of repetition is relatively low, and it may be difficult for network to configure the appropriate number of repetitions in a real deployment. Blind repetition without any feedback is not an efficient method and a poor use of resources. 
	Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition




If a decision for slot level repetition is supported, in the down-selection, either Opt 1 or Opt 3 should be selected following the same reasoning as provided for the feedback control bit.
Proposal 3: Support either Opt 1 or Opt 3 for indicating the number of repetitions.
Another element for reliability is HARQ retransmissions. There are several considerations:
· The size of the soft buffer needed for MBS: while the transport block size may vary according to the type of application / service, the transport block size may be small due to using low MCS. As a result, the size of the soft buffer may be smaller than used for typical unicast services, where a more aggressive MCS can be used.
· The number of HARQ processes: in 38.214, the requirements for the maximum number of HARQ processes supported as well as the configuration aspects are:
For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes. 
For MBS HARQ, we need to decide if it shares the downlink (unicast) pool of HARQ processes or has its own set of HARQ processes. If it has its own set, it is possible that the number of necessary processes (and required soft buffer) could be less than that for unicast.
· Number of retransmissions: depending on the service, the number of retransmissions may have to increase in order meet a quality of service. This is also related to ability of transmitting HARQ status: with UEs in the idle state, UEs using NACK-only feedback, and UEs not transmitting HARQ-ACK bits. As a result, there will be a fewer number of HARQ processes used. 
Observation 2: The number of HARQ processes needed for MBS may be less than that for unicast.

Transmission schemes
Another set of down-selections is the type of retransmissions supported. Our contribution in [5] also discussed this.
	Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission




Option 1 is PTM scheme 1. It should be supported for broadcast only and for UEs in the idle state (it is the same design). Option 2 Alt 1 is P2P while Alt 2 is PTM scheme 2. Option 3 is supporting PTM scheme 1, PTM scheme 2, and P2P. Our proposal in [5] was to support PTM scheme 2 and P2P along with PTM scheme 1, which was in the agreement.
Proposal 4: Select option 3 for the type of retransmission supported.

[bookmark: _Ref129681832]Conclusion
We presented our views on improving reliability:
Proposal 1: Both ACK/NACK based and NACK-only based HARQ-ACK feedback should be supported at least PTM scheme 1.
Observation 1: several technical issues for Option 1/Option 2 should be considered before selecting the PUCCH resource for ACK/NACK based feedback.
Proposal 2: Support option 3 where RRC configures the enabling/ disabling function and DCI indicates enabling /disabling.
Proposal 3: Support either Opt 1 or Opt 3 for indicating the number of repetitions.
Observation 2: The number of HARQ processes needed for MBS may be less than that for unicast.
Proposal 4: Select option 3 for the type of retransmission supported.
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