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1. Introduction
In last previous e-meeting [1], the mechanisms on improve the multicast reliability was discussed and some agreements were achieved at the end of meeting. However, there are still some remaining issues that need to be further discussed to finalize the Rel-17 MBS. In this contribution, we will further discuss the detailed design about the remaining issue to improve reliability for RRC_CONNECTED UEs.
2. Discussion
2.1  More than one NACK only bits
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, the following agreement was achieved in RAN1#106bis-e meeting:
	Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling


Regarding the further down-selection in previous meeting, it was discussed in last meeting without any consensus, and the detailed proposal was copied as following:
	Proposal 3.2.2-1: When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast.


The above proposal separately defines up 15 PUCCH resource for 2 or 3 or 4 TB case, and NACK-only is transformed into ACK/NACK based feedback mode when more than 4 TB. From our perspective, if there are 2 TB’s NACK only feedback within the same PUCCH resource, it does not need to define more PUCCH resource for delivering the two TB’s HAQR feedback status. Instead, the two TB’s HARQ feedback can be represented by the cycle shift combination as described in Table 1.
[bookmark: _Ref95757439]Table 1  Two TB’s NACK only feedback combination
	HARQ-ACK Value (TB1, TB2)
	(/ Note 1, /)
	(/, NACK)
	(NACK, /)
	(NACK, NACK)

	Sequence cyclic shift
	 Note 2
	
	
	

	Note 1: “/” denotes that UE decodes the corresponding TB successfully.
Note 2: UE will not send feedback since the two TBs are decoded successfully.


[bookmark: _Hlk95758657]UE can choose the different cyclic shift value based on the 2 TB’s NACK only combination. For the 3 or 4 TB’s case, there is no need to define another behavior and the unified solution that NACK only is transformed into ACK/NACK is used.
[bookmark: _Ref95761266][bookmark: _Ref95761274]Proposal 1: For the 2 TB’s NACK-only feedback are within the same PUCCH slot, the current combination mechanism with some modification (e.g., the combination described in table 1) is reused.
[bookmark: _Ref95760444][bookmark: _Ref95761277]Proposal 2: For more than 2 TBs with NACK-only feedback are within the same PUCCH slot, NACK-only feedback is transformed into ACK/NACK based.

2.2  NACK only collides with SR
Regarding the NACK only collide with SR in the same slot, the following proposal was discussed in last meeting:
	[bookmark: _Hlk95760054]Proposal 3.1.1: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support the following:
· For up to two TBs/HARQ-ACK bits of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, SR is dropped.


From our perspective, the proposal is basically reasonable except for the last sub-bullet. As we discussed in Proposal 2, the NACK-only feedback is transformed into ACK/NACK based feedback for more than 2 TBs with NACK only feedback. And it will use the PF 2/3/4 resource for more than two TB case. Therefore, it is no need to drop SR since the PF 2/3/4 can transit multiple bits. Thus, we suggest the proposal as following:
[bookmark: _Ref95761278]Proposal 3: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.

2.3  Enable/disable HARQ-ACK feedback
Regarding enable/disable HARQ-ACK feedback mode for multicast, the following agreements were achieved in last RAN1 meeting:
	Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 

Agreement (WA made in RAN1#106-e):
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback as follows:
Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group.


Regarding whether/how to allow UE not to react to the DCI signaling, some companies proposed that some UEs within multicast group have low reliability without HARQ-ACK feedback and other UEs within the same multicast group have higher reliability with HARQ-ACK feedback. However, from our understanding, the HARQ feedback mechanism is the same for all UEs within in the same multicast group. Otherwise, the scheduling processing is more complicated and is not preferred. Besides, the service priority of the same group cast services is the same for the UEs within the same group. Therefore, it is better to define the same HARQ-ACK feedback behaviour for all the UEs in the same group.
[bookmark: _Ref68526065]Proposal 4: The same HARQ-ACK feedback behaviour for all the UEs in the same MBS group are required.
As agreed, if RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback. In this scenario, whether enabling or disabling the feedback as the default mode is FFS. From our understanding, HARQ ACK is an enhancement for NR MBS, and no HARQ feedback in LTE SC-PTM. Thus, if the RRC signaling doesn’t configure the function, disabling the HARQ feedback can be regarded as a default mode. If the MBS services need the high reliability quality, the RRC signaling can enable the HARQ ACK feedback mechanism.
[bookmark: _Ref68526066]Proposal 5: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
Regarding the DCI enabling/disabling, the following agreements were achieved in last RAN1 meeting:
	Agreement: For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, the “enabling/disabling HARQ-ACK feedback indication” is included in DCI format 1_1 scrambled by G-RNTI
· For DCI format 1_1 scrambled by G-CS-RNTI, it is discussed separately.
Agreement: For the DCI format including the field of “enabling/disabling HARQ-ACK feedback indication” for multicast scheduling, the field is a new field with 1 bit. 


It can be seen that a new field “enabling/disabling HARQ-ACK feedback indication” within multicast DCI format 4_2 (a.k.a, DCI format 1_1 scrambled by G-RNTI) was introduced to indicate the HARQ-ACK enabling/disabling. However, the multicast DCI format 4_1 (a.k.a, the DCI format 1_0 with G-RNTI) does not have any conclusion yet. Considering the DCI format 4_1 with G-RNTI is a new DCI format and there are at least 3 reserved bits, we think it does not need to keep all the DCI 4_1 fields with same as that of DCI 1_0 with C-RNTI. Instead, it is better to align the similar HARQ-ACK behaviour to multicast DCI format. Therefore, we suggest that he “enabling/disabling HARQ-ACK feedback indication” is also included in multicast DCI format 4_1.
[bookmark: _Ref78285521]Proposal 6: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.

2.4  Multicast SPS related HARQ-ACK feedback
Regarding the multicast SPS related HARQ-ACK feedback, the following agreements were achieved in last meeting:
	Agreement: For multicast SPS activation/deactivation, only ACK/NACK based feedback is supported.
Agreement: HARQ-ACK feedback option is configured per G-CS-RNTI.  
Agreement: For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, the “enabling/disabling HARQ-ACK feedback indication” is included in DCI format 1_1 scrambled by G-RNTI
· For DCI format 1_1 scrambled by G-CS-RNTI, it is discussed separately. 
Agreement: For multicast SPS PDSCH without PDCCH scheduling, support the following:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI for multicast SPS activation. 
· The configuration is per G-CS-RNTI.
· Separate UE capability is needed from that for dynamic scheduling for multicast. 
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled. 
· The configuration is per G-CS-RNTI. 


Regarding the HARQ-ACK enabling/disabling for multicast DCI with G-CS-RNTI, it has been agreed that RRC signalling can configure the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI for multicast SPS activation, and a “enabling/disabling HARQ-ACK feedback indication” field is natural to be defined for multicast DCI format with G-CS-RNTI.
[bookmark: _Ref92640960]Proposal 7: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for multicast DCI format scrambled by G-CS-RNTI.
Although the HARQ-ACK can be disabled for multicast SPS by RRC signalling or DCI dynamic indication, the multicast SPS activation/deactivation cannot be disabled because gNB needs to know whether the UE activate or de-active successfully via HARQ-ACK feedback.  
[bookmark: _Ref92640963]Proposal 8: For multicast SPS activation/activation, disabling the HARQ-ACK feedback is not supported.
3. Conclusion 
In this contribution, it further discusses the multicast HARQ reliability issues for RRC_CONNECTED UEs with following proposals:
Proposal 1: For the 2 TB’s NACK-only feedback are within the same PUCCH slot, the current combination mechanism with some modification (e.g., the combination described in table 1) is reused.
Proposal 2: For more than 2 TBs with NACK-only feedback are within the same PUCCH slot, NACK-only feedback is transformed into ACK/NACK based.
Proposal 3: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
Proposal 4: The same HARQ-ACK feedback behaviour for all the UEs in the same MBS group are required.
Proposal 5: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
Proposal 6: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.
Proposal 7: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for multicast DCI format scrambled by G-CS-RNTI.
Proposal 8: For multicast SPS activation/activation, disabling the HARQ-ACK feedback is not supported.
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