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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]A high-level concept of NR MBS reliability improvement for RRC_CONNECTED UEs was discussed in previous RAN1 e-meeting. HARQ-ACK feedback was agreed for multicast reliability in RAN1 #102 e-meeting [1]:
	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


However, the detailed design about NR multicast HARQ feedback operation needs to be further discussed, e.g., the HARQ feedback mode, how to determine the HARQ feedback resource and whether to disable HARQ-ACK feedback, etc. In this contribution, we will further discuss the detailed design about the NR multicast HARQ operation.
HARQ with feedback enabled or disabled
Even though the HARQ feedback had been supported for NR multicast service, we think it is not mandatory for all NR multicast service. For example, if the multicast service is latency sensitivity, it doesn’t need to configure the HARQ feedback operation, which also can reduce the HARQ feedback resource. So, NR multicast HARQ feedback can be disabled for some cases. Similar to NR V2X groupcast service, the HARQ disable/enable indicator can be defined in DCI with 1 bit.
Proposal 1: NR multicast HARQ feedback can be disabled/enabled via DCI during MBS transmission.
NR Multicast HARQ Feedback Options
There are multiple NR multicast HARQ feedback modes. We discussed three options for HARQ feedback mode and each option has its own characteristic and applicable scenarios. The gNB can flexibly choose the suitable option based on the current channel condition, serving UE numbers, and system load, etc. A high-level HARQ feedback framework is illustrated in Figure 1 when the HARQ feedback is enabled. In the following sub-clauses, we will further discuss the detailed design for these three options. 


      Figure 1: NR multicast HARQ feedback options
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 HARQ Feedback Option 1: ACK/NACK
For HARQ feedback Opt 1 (ACK/NACK), each UE needs to report its reception status (ACK/NACK) for MBS PDSCH as illustrated in Figure 2. UE will feedback ACK when decoding the TB over MBS PDSCH successfully and feedback NACK when it cannot decode the received TB over MBS PDSCH. The UE will be configured with orthogonal PUCCH resource for HARQ feedback. 



Figure 2: HARQ feedback Opt 1 (ACK/NACK)
The gNB can determine which UE didn’t receive the PDSCH successfully and choose unicast or multicast mechanism for retransmission. However, if there are many UEs in one MBS group, the PUCCH overhead will be higher and will cause resource collision, e.g., the available PUCCH resources are smaller than the number of UEs in one MBS group.
Proposal 2: HARQ feedback Opt 1 (ACK/NACK) should be supported for MBS transmission. 
HARQ Feedback Option 2: Common NACK only
Similar to NR Rel-16 V2X groupcast mode, the common NACK only based HARQ feedback mode can be considered for NR multicast transmission. The common NACK only (Opt 2) case is depicted in Figure 3 for MBS transmission. The UE can feedback NACK to the gNB when it didn’t decode the received TB over multicast PDSCH successfully. However the UE will not provide any HARQ feedback to the gNB if it decoded the received TB successfully. More importantly, all failed UEs report NACK over the same PUCCH resource, which will reduce the PUCCH overhead for the system. This type of resource sharing is especially helpful for the case when there are a large number of UEs in one MBS group.
Proposal 3: HARQ feedback Opt 2 (common NACK only based HARQ feedback) should be supported for MBS transmission.



Figure 3: HARQ feedback Opt 2 (Common NACK only)
The gNB can determine whether there is NACK feedback in one MBS group with energy detection for option 2, but it doesn’t know which UE reports NACK. Therefore, the gNB need to perform multicast based retransmission and cannot use unicast mechanism based retransmission.
For HARQ feedback Opt 2, as mentioned above, gNB cannot differentiate which UE report NACK, it only retransmits to all UEs in the same MBS group as long as one UE reports NACK. e.g., a cell edge UE may report NACK all the time due to worse channel condition, and gNB will retransmit the MBS PDSCH packet to all UEs in the same MBS group. The UEs that received the transmission block successfully will also process the retransmitted transmission block, which will increase unnecessary UE power consumption. 
 HARQ Feedback Opt 3: Separate NACK only
In order to solve the above issue for common NACK only based HARQ feedback mode, a separate NACK only feedback mode (Opt 3) can be used. The separate NACK only feedback mode is illustrated in Figure 4. The UE can feedback NACK over an independent PUCCH resource when it did not successfully decode the received TB over multicast PDSCH. The UE will not provide any feedback to the gNB if it successfully decoded the received TB over multicast PDSCH. 



Figure 4: HARQ feedback Opt 3 (Separate NACK only)
In HARQ feedback Opt 3, UE’s NACK feedback behaviour is similar to HARQ feedback Opt 1’s behavior and ACK UE’s feedback behavior is similar to common HARQ feedback Opt 2’s behaviour. Therefore, the gNB can know which UE report NACK information, and can flexibly choose unicast or multicast for retransmission, which can avoid the issue in common NACK only feedback mode.
However, the higher layer needs to allocate the PUCCH feedback resource for each UE like HARQ feedback option1 (with ACK/NACK) because it cannot know which UE needs to report NACK beforehand. Compared with HARQ feedback option1 (with ACK/NACK), HARQ feedback Opt 3 (Separate NACK only) can reduce gNB’s processing complexity due to the reduction of HARQ feedback for MBS transmission.

Proposal 4: HARQ feedback Opt 3 (separate NACK only based HARQ feedback) should be supported for MBS transmission.
Summary of pros and cons with different HARQ feedback options
Based on the analysis of the different HARQ feedback options for reliable MBS transmission, the following table summarizes the pros and cons for each option. These three HARQ feedback options may be adopted the gNB in different scenarios.
	Feedback mode
	Pros
	Cons

	HARQ feedback option 1
(ACK/NACK)
	· The gNB can know each UE’s reception status
· Retransmission can be unicast or multicast
	· Large PUCCH Resources required for HARQ feedback


	HARQ feedback option 2 (Common NACK only)
	· Shared PUCCH resource for HARQ feedback.
	· Unable to differentiate each UE’s reception status.
· Only multicast based retransmission can be supported

	HARQ feedback option 3 (Separate NACK)
	· The gNB can know each UE’s reception status (NACK based)
· Retransmission can be unicast or multicast
· Less gNB’s processing complexity
	· Large PUCCH Resources required for HARQ feedback
· PUCCH resource may be overbooked



Conclusion
The following proposals are made:
Proposal 1: NR multicast HARQ feedback can be disabled/enabled via DCI during MBS transmission. 
Proposal 2: HARQ feedback Opt 1 (ACK/NACK) should be supported for MBS transmission.
Proposal 3: HARQ feedback Opt 2 (common NACK only based HARQ feedback) should be supported for MBS transmission.
Proposal 4: HARQ feedback Opt 3 (separate NACK only based HARQ feedback) should be supported for MBS transmission.
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