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1 Introduction
In RAN#88-e the revised work item on NR multicast and broadcast services was approved [1]. One of the objectives is to specify required changes to improve reliability of Broadcast/Multicast service. In this contribution, we present our views on mechanisms to improve reliability for multicast for RRC_CONNECTED UEs.

2 Discussion
2.1 HARQ-ACK feedback enabling/disabling
In previous meetings the following agreements were made [4][5].
	Agreement:
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

Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 

Agreement:
The group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling.

Agreement:
If the group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is not configured, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling. 


For DCI indication in the second DCI format, it is desirable to reuse existing DCI fields to minimize the DCI size. The following alternatives can be considered for indicating enabling/disabling HARQ-ACK feedback by reusing existing DCI fields.
· Alt 1: PDSCH-to-HARQ feedback timing indicator (PFTI)
This is the same method as Rel-16 NR-U. A non-numerical value is included in dl-DataToUL-ACK-r16, then HARQ feedback is disabled if k1 is the non-numerical value. Similarly for multicast, HARQ-ACK feedback is disabled when k1 is a non-numerical value. Otherwise HARQ-ACK feedback is enabled.
· Alt 2: PFTI and PRI
This is the same method as Rel-16 sidelink scheduling by gNB. In Rel-16 sidelink, a UE does not send a PUCCH to gNB when PRI is zero and PSFCH-to-HARQ feedback indicator is zero in DCI format 3_0. Similarly for multicast, HARQ-ACK feedback is disabled when PRI is zero and PFTI is zero. Otherwise HARQ-ACK feedback is enabled.
For Alt 1, at least one value in the k1 list is needed to be set to a non-numerical value to indicate disabling HARQ-ACK feedback. For Alt 2, since only a set of PRI and PFTI are used to indicate disabling, values in the k1 list can be set to any value. Thus, the flexibility of configuring the k1 list is higher than Alt 1. Therefore, we prefer Alt 2.
For commonality, the same mechanism should be applied for the first DCI format.
Proposal 1: For DCI indication for enabling/disabling HARQ-ACK feedback, reuse the same mechanism as sidelink scheduling, i.e. DCI format 3_0.
· If PRI is zero and PDSCH-to-HARQ feedback timing indicator is zero, HARQ-ACK feedback is disabled. Otherwise, HARQ-ACK feedback is enabled.
TBs with different QoS levels with the same G-RNTI could also be sent when NACK-only based feedback is used. So dynamic switching will also be useful when NACK-only based feedback is used.
Proposal 2: RRC configuration and DCI indication for enabling/disabling HARQ-ACK feedback for multicast also applies to NACK-only based feedback for multicast.

2.2 Multiplexing/prioritizing for ACK/NACK based HARQ-ACK feedback
In previous meetings the following agreements were made [2][3].
	Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.

Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only


The HARQ-ACK feedback procedure in Rel-15 is based on the principle that there is at most one PUCCH with HARQ-ACK in a slot. HARQ-ACK bits are multiplexed BEFORE PUCCH resource determination in Rel-15. In Rel-16, priority indexes were introduced. Two PUCCHs with HARQ-ACK with different priorities in a slot/sub-slot are supported. And in Rel-16 multi-TRP, a UE can send two non-overlapping PUCCHs with the same priority index. Note that even in case of two PUCCHs within a slot/sub-slot, any multiplexing of two PUCCHs with different HARQ-ACK codebooks does never happen at all, which is NOT same as ‘HARQ-ACK codebook construction before PUCCH resource determination’. 
[image: ]
Figure 1 HARQ-ACK feedback procedure in Rel-15
Observation 1: In Rel-15/16, any multiplexing of two PUCCHs with different HARQ-ACK codebooks does never happen at all.
In RAN1#104-e, it was agreed that multiplexing for the same priority and prioritizing for different priorities are supported when the PUCCH resources for HARQ-ACK feedback for unicast and multicast are overlapped, and the case of non-overlapping PUCCH resources is FFS. If multicast transmissions from multi-TRP are supported, then supporting two non-overlapping PUCCHs with HARQ-ACK for multicast is not a problem because it can reuse existing mechanisms. However, if multicast transmissions are performed from a single TRP, there should be at most one PUCCH per priority index in a slot. When both unicast and multicast HARQ-ACK feedback with the same priority are transmitted in the same PUCCH slot, if different codebook types are configured for unicast and multicast, the UE needs to generate separate codebooks for unicast and multicast. In this case, the unicast and multicast codebooks should be concatenated into one and transmitted in a single PUCCH resource.
Proposal 3: When a unicast HARQ-ACK codebook and a multicast HARQ-ACK codebook with the same priority are separately generated in the same PUCCH slot, they are concatenated into one codebook regardless of whether corresponding PUCCH resources are overlapped at least in a symbol or not.
If two non-overlapping PUCCHs with the same priority are supported in a PUCCH slot, a UE needs to construct a HARQ-ACK codebook for unicast and a HARQ-ACK codebook for multicast separately per priority index and selects a PUCCH resource per codebook based on the number of HARQ-ACK bits. PUCCH resources for HARQ-ACK feedback for unicast and multicast with the same priority can be overlapped, in which case multiplexing is applied. In that case, codebook reconstruction and PUCCH resource reselection are required.
In other words, the UE performs HARQ-ACK codebook construction of section 9.1 in 38.213 per cast type, and then applies pseudo-code for PUCCH collision handling of section 9.2.5 in 38.213. In the pseudo-code, if a PUCCH with unicast HARQ-ACK is overlapped with a PUCCH with multicast HARQ-ACK, HARQ-ACK codebook construction of section 9.1 in 38.213 shall be applied again. An example of this flow is illustrated in Figure 2. It will complicate whole UCI transmission procedure, not only HARQ-ACK feedback procedure.
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[bookmark: _Ref71545098][bookmark: _Ref71545084]Figure 2 Issue on HARQ-ACK multiplexing if PUCCH overlap is the condition
To simplify UE processing, when multicast transmission is performed from a single TRP and HARQ feedback for unicast and multicast is indicated as transmitted at the same slot/sub-slot, multiplexing of the HARQ-ACK feedback for unicast and multicast with the same priority should be applied regardless whether PUCCH resources are overlapped or not. Note that HARQ-ACK codebook construction in Rel-15/16 is performed for the same indicated k1 but NOT indicated PUCCH resource.
Observation 2: If HARQ-ACK feedback multiplexing is not applied when PUCCH resources for HARQ-ACK feedback for unicast and multicast are not overlapped, UE processing will be quite complex, for example, 
· At first, a HARQ-ACK codebook is generated per cast-type
· Then, PUCCH collisions are found in pseudo-code
· A HARQ-ACK codebook is regenerated across cast-type
· The pseudo-code for PUCCH collisions is applied again
Proposal 4: When HARQ-ACK feedback for unicast and multicast is indicated as transmitted at the same PUCCH slot, the UE multiplexes HARQ-ACK with the same priority regardless whether their PUCCH resources are overlapped or not.

2.3 NACK-only based HARQ-ACK feedback
2.3.1 Multiple HARQ-ACK bits in NACK-only based feedback
Five alternatives for handling multiple NACK-only based feedback in the same slot were raised at RAN1#106-e and narrowed down to two alternatives at RAN1#106bis-e.
	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


Alt 1 will require orthogonal PUCCH resources among UEs, as HARQ-ACK will be transmitted using ACK/NACK based scheme. This means that when the number of UEs in a group is large, a lot of PUCCH resources will be needed. This is contrary to the main motivation to support NACK-only based feedback, which is to save PUCCH resources when the number of UEs is large.
In Alt 4, one PUCCH resource is associated with a bit sequence of HARQ-ACK codebook. Multiple PUCCH resources are reserved and a UE selects one of them according to the processing result. A UE constructs a HARQ-ACK codebook in the same way as ACK/NACK based scheme and sends a HARQ-ACK feedback using the PUCCH resource associated with the bit sequence when the codebook includes at least one NACK value. At most 2N-1 PUCCH resources are required for N bit NACK-only based feedback. Since the PUCCH resources can be shared among UEs in the group, the number of PUCCH resources required for the entire UE group can be reduced compared to Alt 1 when the number of UEs in the group is large. Therefore, we prefer Alt 4.
For simplicity, it would be better to associate a resource index in a group of PUCCH resources for NACK-only multiplexing with the value of the bit sequence. An example of the association is shown in Figure 3. The PRI field in the first/second DCI format for multicast may be unnecessary for NACK-only based feedback. Similar to the PUCCH resource set for ACK/NACK based feedback, it should be possible to configure up to 32 PUCCH resources in a PUCCH resource set for NACK-only based feedback. That way, up to 5 NACK-only based HARQ-ACK bits can be transmitted in a PUCCH slot. It would be better to be able to configure the maximum number of bits N. If the codebook size is larger than N, bundling should be applied to keep it within the maximum. If different OFDM symbols settings are allowed for different PUCCH resources, whether or not they overlap with other PUCCH/PUSCH depends on which resource is selected. Since gNB cannot know in advance which resource will be selected, gNB may have to blind detect the UCI. To avoid blind detection, gNB should configure the same OFDM symbols for all PUCCH resources for NACK-only based feedback.
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[bookmark: _Ref87003754]Figure 3 An example of association between bit sequence and PUCCH resource index

Proposal 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.
· If multiplexed payload size is over the maximum, bundling is applied.

2.3.2 Multiplexing NACK-only based feedback with SR
In RAN1#106bis-e the following agreement was made.
	Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS: The case of PUCCH for SR. 


In the current specification, when a PUCCH format 0 with HARQ-ACK overlaps with a PUCCH with positive SR, the SR and the HARQ-ACK are multiplexed and transmitted in the PUCCH format 0 using a different cyclic shift value. If the rule is directly applied to a PUCCH resource for NACK-only based feedback, gNB will not be able to identify which UE sent the SR since PUCCH resources for NACK-only based feedback will be shared among UEs in a group.
In such a case, it would be better to transform the NACK-only based feedback to ACK/NACK based HARQ-ACK bit(s), as in the case of multiplexing NACK-only based feedback and unicast HARQ-ACK/CSI. Then the HARQ-ACK bit(s) and the SR should be multiplexed and transmitted in another PUCCH resource for ACK/NACK based feedback, which is different from the PUCCH resource for NACK-only feedback and would be different among UEs. Then SR will be transmitted in the UE-specific PUCCH resource, so gNB can identify which UE sent the SR.
Proposal 6: When a PUCCH format 0 with NACK-only based feedback overlaps with a PUCCH with positive SR, the NACK-only based feedback is transformed into ACK/NACK based HARQ-ACK bits, multiplexed with SR, and transmitted in another PUCCH resource for ACK/NACK based feedback.

2.4 HARQ-ACK feedback for SPS group-common PDSCH
2.4.1 HARQ-ACK feedback enabling/disabling for SPS GC-PDSCH without PDCCH
In SPS, TBs with different QoS with the same G-CS-RNTI are unlikely to be transmitted. Therefore, we don’t see the need to switch HARQ-ACK feedback enabling/disabling dynamically for SPS GC-PDSCH. Configuration by RRC would be enough.
Proposal 7: For HARQ-ACK feedback for SPS GC-PDSCH without PDCCH, HARQ-ACK feedback enabling/disabling is configured per SPS configuration index.

2.4.2 HARQ-ACK feedback for SPS GC-PDSCH activation/deactivation
If NACK-only based feedback is used for HARQ-ACK feedback corresponding to activation/deactivation of SPS GC- PDSCH, a UE does not send HARQ-ACK feedback if the UE correctly detects activation/deactivation, and a UE also does not send HARQ-ACK feedback if the UE misses to detect activation/deactivation. There is a problem that gNB cannot distinguish their UEs. Meanwhile, if ACK/NACK based feedback is used to avoid the issue, all subsequent receptions of SPS PDSCH shall follow the feedback configuration, which is too wasted rule.
Similarly, if disabled HARQ feedback is applied to HARQ-ACK feedback corresponding to activation/deactivation of SPS GC- PDSCH, gNB does not know whether the activation/deactivation command is successful at UE side. Meanwhile, if enabled HARQ feedback is used to avoid the issue, all subsequent receptions of SPS PDSCH shall follow the feedback configuration, which is too wasted rule.
One way to solve the problem is to use ACK/NACK based feedback for activation/deactivation regardless of feedback configuration/indication (e.g., ACK/NACK or NACK-only, enabled or disabled). An example is shown in Figure 4. A UE receiving activation/deactivation successfully sends ACK and a UE failing to detect activation/deactivation send NACK. Thus, gNB can know success/failure of the activation/deactivation at each UE. 
One concern has been raised is that, many PUCCH resources are required when the number of UEs receiving SPS is large. So it might be useful to make it configurable whether or not to perform ACK/NACK based feedback for activation/deactivation regardless of feedback configuration/indication (ACK/NACK or NACK-only, enabled or disabled). Since PDCCH miss-detection probability can be extremely low for some UEs, SPS for these UEs might work without ACK/NACK based feedback for activation/deactivation. gNB can configure a higher layer parameter to control feedback for SPS activation/deactivation depending on the QoS required for multicast services that use SPS, channel condition per UE, and the amount of available PUCCH resources.
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[bookmark: _Ref78794581]Figure 4 ACK/NACK based feedback for activation regardless of feedback configuration
Proposal 8: Introduce a higher layer parameter to control feedback for SPS GC-PDSCH activation/deactivation
· If configured, UE performs ACK/NACK-based feedback for activation/deactivation of SPS GC-PDSCH regardless of configuration/indication of feedback type and configuration/indication of enabled/disabled feedback
· Otherwise, UE follows the configuration/indication

3 Conclusion
In this contribution, we have following observations and proposals:
Proposal 1: For DCI indication for enabling/disabling HARQ-ACK feedback, reuse the same mechanism as sidelink scheduling, i.e. DCI format 3_0.
· If PRI is zero and PDSCH-to-HARQ feedback timing indicator is zero, HARQ-ACK feedback is disabled. Otherwise, HARQ-ACK feedback is enabled.
Proposal 2: RRC configuration and DCI indication for enabling/disabling HARQ-ACK feedback for multicast also applies to NACK-only based feedback for multicast.
Observation 1: In Rel-15/16, any multiplexing of two PUCCHs with different HARQ-ACK codebooks does never happen at all.
Proposal 3: When a unicast HARQ-ACK codebook and a multicast HARQ-ACK codebook with the same priority are separately generated in the same PUCCH slot, they are concatenated into one codebook regardless of whether corresponding PUCCH resources are overlapped at least in a symbol or not.
Observation 2: If HARQ-ACK feedback multiplexing is not applied when PUCCH resources for HARQ-ACK feedback for unicast and multicast are not overlapped, UE processing will be quite complex, for example, 
· At first, a HARQ-ACK codebook is generated per cast-type
· Then, PUCCH collisions are found in pseudo-code
· A HARQ-ACK codebook is regenerated across cast-type
· The pseudo-code for PUCCH collisions is applied again
Proposal 4: When HARQ-ACK feedback for unicast and multicast is indicated as transmitted at the same PUCCH slot, the UE multiplexes HARQ-ACK with the same priority regardless whether their PUCCH resources are overlapped or not.
Proposal 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.
· If multiplexed payload size is over the maximum, bundling is applied.
Proposal 6: When a PUCCH format 0 with NACK-only based feedback overlaps with a PUCCH with positive SR, the NACK-only based feedback is transformed into ACK/NACK based HARQ-ACK bits, multiplexed with SR, and transmitted in another PUCCH resource for ACK/NACK based feedback.
Proposal 7: For HARQ-ACK feedback for SPS GC-PDSCH without PDCCH, HARQ-ACK feedback enabling/disabling is configured per SPS configuration index.
Proposal 8: Introduce a higher layer parameter to control feedback for SPS GC-PDSCH activation/deactivation
· If configured, UE performs ACK/NACK-based feedback for activation/deactivation of SPS GC-PDSCH regardless of configuration/indication of feedback type and configuration/indication of enabled/disabled feedback
· Otherwise, UE follows the configuration/indication
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