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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 Priority index
In RAN1#106-e the following agreement was made [6].
	Agreement:
The priority index is,
· for the second DCI format for GC-PDCCH, optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default. 
· for the first DCI format for GC-PDCCH, down-select from:
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 


The first DCI format for multicast is used to provide multicast service, not a fall-back DCI format. Therefore, it will be beneficial to improve the scheduling flexibility with the first DCI format for multicast. So it is better to include a priority indicator in the first DCI format for multicast so that a priority index of a multicast traffic is indicated via the first DCI format for multicast; otherwise, the first DCI format for multicast cannot be used for eMBB/URLLC coexistent services. Since ‘identifier for DCI formats’ is not needed for the first DCI format for multicast, it is possible to include a priority indicator in the first DCI format for multicast while maintaining the same size as DCI format 1_0 in CSS.
Proposal 1: Include a priority indicator field in the first DCI format for multicast.

2.2 HARQ-ACK feedback enabling/disabling
In RAN1#106-e, it was discussed whether to confirm the working assumption for enabling/disabling HARQ-ACK feedback, and the working assumption was updated as follows.
	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


In RAN2#114-e the following agreements were made [5].
	One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 
Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.


There are various use cases for multicast and they will require different QoS levels. The need for HARQ-ACK feedback will be high for multicast services that require high reliability. On the other hand, multicast services that do not require high reliability may not need HARQ-ACK feedback. According to the above RAN2 agreements, TBs with different QoS levels can be sent with the same G-RNTI. Therefore, dynamic switching by group-common DCI will be useful.
Proposal 2: Confirm the working assumption on HARQ feedback enabling/disabling.
Followings can be considered for DCI indication design.
· Alt 1: 1bit flag
1bit flag indicates enabling or disabling HARQ-ACK feedback.
· Alt 2: 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 3: PFTI, 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, 1bit flag in DCI is needed to indicate enabling/disabling dynamically. A new DCI field needs to be introduced, which is not desirable for minimizing the DCI size.
For Alt 2 and Alt 3, both alternatives can reuse existing mechanisms and do not require additional DCI fields. For Alt 2, 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 3, 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 2. Therefore, we prefer Alt 3.
Proposal 3: 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.
Since the required QoS level can be different for each multicast service, the need for HARQ-ACK feedback can be different for each G-RNTI. Therefore, RRC configuration for enabling/disabling HARQ-ACK feedback should be per G-RNTI. 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 4: RRC configuration for enabling/disabling HARQ-ACK feedback is per G-RNTI.
Proposal 5: DCI indication for enabling/disabling HARQ-ACK feedback also applies to NACK-only based feedback.

2.3 HARQ-ACK feedback scheme switching
In RAN1#106-e, the following agreement was made.
	Agreement
For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, select one or more of the following alternatives:
· Alt1: HARQ-ACK feedback option is configured per SPS configuration index.
· Alt2: HARQ-ACK feedback option is indicated in the SPS activation DCI. 
· Note: enabling/disabling HARQ-ACK feedback for multicast SPS can be discussed separately. 


It is necessary to consider how to switch the feedback scheme for dynamic scheduled PDSCH as well as SPS PDSCH. Firstly, it is better to use different schemes depending on the number of UEs in the group. ACK/NACK based feedback is suitable when the number of UEs is small, and NACK-only based feedback is suitable when the number of UEs is large. The number of UEs in the group will not dynamically change significantly. 
Secondly, which scheme is appropriate will depend on the required reliability of the multicast service. For example, multicast service with high reliability requirement will use ACK/NACK feedback to distinguish DTX from ACK or to know which UE fails to decode. Meanwhile, NACK-only feedback can be used for low reliability service. Therefore, it is desirable to be configurable for each priority index. In other words, the feedback scheme should be configured in each PUCCH-Config for multicast. We don’t see clear motivation to dynamically switch feedback schemes.
Proposal 6: For selection of HARQ-ACK feedback scheme for multicast SPS PDSCH, support Alt 1.
[bookmark: _GoBack]Proposal 7: HARQ-ACK feedback scheme for dynamically scheduled PDSCH for multicast is configured per priority index.

2.4 ACK/NACK based HARQ-ACK feedback
2.4.1 HARQ-ACK feedback timing
A HARQ-ACK feedback timing is indicated by k1. In Rel-16, the list of k1 values for DCI format 1_0 is fixed in the specification (i.e., {1, 2, 3, 4, 5, 6, 7, 8}). PUCCH scheduling flexibility is low if the list is reused for the first DCI format for multicast. Thus, a list of k1 values for the first DCI format for multicast should be configurable. Especially for ACK/NACK-based feedback with PTM scheme 1, gNB can allocate for each UE different PUCCH resource in different slot by this configurability. Otherwise, k1 shall be common among UEs. PUCCH resources for all UEs shall be allocated at the same slot in this case, which gets PUCCH overhead issue larger.
[image: ]
Figure 1 Configurable list of k1 values
Observation 1: If the existing k1 list for DCI format 1_0, which is fixed as {1, 2, 3, 4, 5, 6, 7, 8} is reused for the first DCI format for multicast, PUCCH scheduling flexibility is low since HARQ feedback slot becomes the same among UEs receiving a group-common PDSCH.
Proposal 8: A list of k1 values for the first DCI format for multicast is configurable.

2.4.2 PUCCH resource determination
In RAN1#104bis-e, the following agreement was made [3].
	Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;


In Alt.2, if the last DCI is a multicast DCI, the PRI is common to all UEs. For ACK/NACK based feedback, orthogonal PUCCH resources among UEs will be allocated, so common PRI is not a problem. If gNB wants to indicate the UE-specific PRI, gNB can just send a unicast DCI at the end. In Alt 1, the gNB scheduler has to indicate a PUCCH resource considering the future resource allocation when sending a unicast DCI. It would complicate the implementation of the gNB scheduler. Therefore we prefer Alt.2. The existing indexing method should be reused, i.e., the order is first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and is then indexed in an ascending order across PDCCH monitoring occasion indexes.
Proposal 9: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, support Alt 2.
· The order is first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and is then indexed in an ascending order across PDCCH monitoring occasion indexes.

2.4.3 HARQ-ACK multiplexing/prioritizing
In previous meetings the following agreements were made [2].
	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.


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 2 HARQ-ACK feedback procedure in Rel-15
Observation 2: 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 only one PUCCH per priority index in a slot. 
Proposal 10: Support at most one PUCCH with HARQ-ACK in a slot/sub-slot per priority index per TRP. 
If two non-overlapping PUCCHs with the same priority are supported for a single TRP, 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 3. It will complicate whole UCI transmission procedure, not only HARQ-ACK feedback procedure.
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[bookmark: _Ref71545098][bookmark: _Ref71545084]Figure 3 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 3: 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 11: When multicast transmission is performed from a single TRP and HARQ-ACK feedback for unicast and multicast is indicated as transmitted at the same slot/sub-slot, the UE multiplexes HARQ-ACK with the same priority regardless whether PUCCH resources are overlapped or not.

2.5 NACK-only based HARQ-ACK feedback
2.5.1 Multiple HARQ-ACK bits in NACK-only based feedback
In RAN1#106-e, the following agreement was made.
	Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· 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.
Alt 2 allows multiple sub-slot PUCCHs to be sent in a slot while maintaining the principle that the number of PUCCHs with HARQ-ACK in a sub-slot is at most one at each UE. However, the number of OFDM symbols that can be used for one PUCCH is limited. Also, there is a question of whether to use slot based PUCCH or sub-slot based PUCCH when there is only one NACK-only based feedback. If the PUCCH length is switched according to the number of NACK-only based feedback, the UE processing would be too complicated. In addition, sub-slot based PUCCH is an optional feature in Rel-16, which would not be suitable for multicast operation.
In Alt 3, one PUCCH resource is associated with each bit of the multiple HARQ-ACK bits. An example of Alt 3 is shown in the Figure 4. A UE sends NACK-only feedback with the PUCCH resources associated with the PDSCH that was not received correctly. N PUCCH resources are required for N HARQ-ACK bits. The number of symbols that can be used for one PUCCH is limited. And it violates the principle that the number of PUCCHs with HARQ-ACK in a slot is at most one. In addition, if multiplexing/prioritizing of NACK-only based feedback and other UCI or PUSCH is supported, the procedure will be more complex than in the case of one PUCCH per slot. If not supported, the number of symbols that can be used for another UL channel (e.g. PUSCH) is limited.
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[bookmark: _Ref71545167]Figure 4 An example of Alt 3
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. An example of Alt 4 is shown in the Figure 5. 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 codebook sequence when the codebook includes at least one NACK value. It does not violate the principle that the number of PUCCH with HARQ-ACK in a slot is at most one. At most 2N-1 PUCCH resources are required for N bit NACK-only based feedback. In order to reduce the required number of PUCCH resources, it is better to specify the maximum number of bits to be supported (e.g., 5 bits) and combine bundling when the number of bits exceeds the maximum.
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[bookmark: _Ref71545143]Figure 5 An example of Alt 4
In Alt 5, if there are multiple HARQ-ACK bits, they are bundled into one bit. If one of PDSCHs that feedback is sent in the same slot is NACK, a PUCCH indicating NACK is sent. Although this is the simplest, it will cause unnecessary retransmissions. Based on the above analysis, we propose to support Alt 4.
Proposal 12: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.

2.5.2 Multiplexing/prioritizing NACK-only based feedback with other UCIs or PUSCH
It is needed to consider whether to support multiplexing of NACK-only based feedback with unicast HARQ-ACK, SR, CSI or PUSCH. The presence of each NACK-only based HARQ-ACK bit varies depending on the results of UE processing. Also, which PUCCH resources are used might depend on the result of UE processing (e.g. Alt 4 at the last section). If multiplexing/prioritizing is applied only when NACK-only based feedback that is actually transmitted overlaps with other UCIs or PUSCH, gNB will have to blind detect the UCI because gNB cannot know in advance whether NACK-only based feedback will be sent and which PUCCH resource will be used.
The following options are possible ways to avoid blind detection in the gNB.
· Option 1: Not support multiplexing. 
· Option 1-1: Always drop NACK-only based feedback when NACK-only based feedback and other UCI or PUSCH are overlapped.
· Option 1-2: gNB ensures that NACK-only based feedback does not overlap with other UCIs or PUSCH
· Option 2: Support multiplexing/prioritizing
· Option 2-1: Apply multiplexing/prioritizing when NACK-only based feedback and other UCI or PUSCH are indicated to be sent in the same slot.
· Option 2-2: Apply multiplexing/prioritizing when NACK-only based feedback and other UCI or PUSCH are overlapped.
In Option 1-1, when a PUCCH for NACK-only based feedback overlaps with a PUCCH for unicast HARQ-ACK, SR, CSI or a PUSCH, NACK-only based feedback is always dropped. UE processing is simple, but UE may not receive HARQ retransmissions as a result of dropping HARQ-ACK feedback. However, if the PUCCH resource for NACK-only based feedback is shared among UEs, the UE dropped the NACK-only based feedback can also receive HARQ retransmissions if other UEs send NACK-only based feedback. gNB will be able to minimize the number of cases where NACK-only based feedback is dropped with proper scheduling.
In Option 1-2, gNB schedules NACK-only based feedback so that it does not overlap with other UCIs or PUSCH. And UEs don’t expect NACK-only based feedback to overlap with other UCIs or PUSCH. In other words, the behaviour when NACK-only based feedback overlaps with other UCIs or PUSCH is not specified. There is almost no specification impact, but it imposes significant constraints on the gNB scheduler.
In Option 2-1, when NACK-only based feedback and other UCIs or PUSCH are indicated to be sent in the same slot, multiplexing/prioritizing is applied regardless of whether they overlap or not. Multiplexing/prioritizing needs to be applied even when NACK-only based feedback is not sent to avoid blind detection in gNB. It is necessary to consider which UCI is multiplexed with NACK-only based feedback when there are multiple other UCIs or PUSCHs in the slot. It would require a lot of specification efforts.
In Option 2-2, when NACK-only based feedback and other UCIs or PUSCH are overlapped, multiplexing/prioritizing is applied. Multiplexing/prioritizing needs to be applied even when NACK-only based feedback is not sent to avoid blind detection in gNB. If Alt 4 in the last section is supported, to ensure that the result of multiplexing/prioritizing procedure is the same regardless of whether NACK-only based feedback is sent or not, and regardless of which PUCCH resource is used, it would be necessary to configure a reference PUCCH resource and use it to determine overlap in multiplexing/prioritizing procedure. The reference PUCCH resource should contain all OFDM symbols that can be used for NACK-only based feedback. An example of the reference PUCCH resource is shown in Figure 6. The specification impact will be relatively large, but it can reduce the number of cases where NACK-only based feedback is dropped compared to Option 1-1. 
From the analysis so far, we prefer Option 1-1 or Option 2-2.
[image: ]
[bookmark: _Ref83733977]Figure 6 An example of a reference PUCCH resource in Option 2-2
Proposal 13: For multiplexing/prioritizing NACK-only based feedback with unicast HARQ-ACK, SR, CSI, or PUSCH, support either of the following options:
· Option 1-1: Drop NACK-only based feedback when a PUCCH for NACK-only based feedback overlaps with a PUCCH for unicast HARQ-ACK, SR, CSI or a PUSCH.
· Option 2-2: Support multiplexing/prioritizing when a PUCCH for NACK-only based feedback overlaps with a PUCCH for unicast HARQ-ACK, SR, CSI or a PUSCH.
· Multiplexing/prioritizing is applied regardless of whether NACK-only feedback is actually transmitted or not

2.6 CSI enhancement for multicast
Sending CSI resource/report triggers using UE-specific PDCCH/PDSCH has large overhead when gNB wants the UEs in the group to perform CSI measurement/reporting simultaneously. Sending a CSI resource/report trigger using group-common PDCCH/PDSCH is beneficial to reduce the overhead. In current specification, a CSI report trigger is only included in DCI format 0_1/0_2. So we propose to include a CSI report trigger in the second DCI format for multicast. PUCCH should be used as the CSI reporting resource.
Proposal 14: Include an aperiodic CSI report trigger in the second DCI format for multicast.
Proposal 15: Support aperiodic CSI reporting on PUCCH.

3 Conclusion
In this contribution, we have following observations and proposals:
Proposal 1: Include a priority indicator field in the first DCI format for multicast.
Proposal 2: Confirm the working assumption on HARQ feedback enabling/disabling.
Proposal 3: 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 4: RRC configuration for enabling/disabling HARQ-ACK feedback is per G-RNTI.
Proposal 5: DCI indication for enabling/disabling HARQ-ACK feedback also applies to NACK-only based feedback.
Proposal 6: For selection of HARQ-ACK feedback scheme for multicast SPS PDSCH, support Alt 1.
Proposal 7: HARQ-ACK feedback scheme for dynamically scheduled PDSCH for multicast is configured per priority index.
Observation 1: If the existing k1 list for DCI format 1_0, which is fixed as {1, 2, 3, 4, 5, 6, 7, 8} is reused for the first DCI format for multicast, PUCCH scheduling flexibility is low since HARQ feedback slot becomes the same among UEs receiving a group-common PDSCH.
Proposal 8: A list of k1 values for the first DCI format for multicast is configurable.
Proposal 9: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, support Alt 2.
· The order is first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and is then indexed in an ascending order across PDCCH monitoring occasion indexes.
Observation 2: In Rel-15/16, any multiplexing of two PUCCHs with different HARQ-ACK codebooks does never happen at all.
Proposal 10: Support at most one PUCCH with HARQ-ACK in a slot/sub-slot per priority index per TRP. 
Observation 3: 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 11: When multicast transmission is performed from a single TRP and HARQ-ACK feedback for unicast and multicast is indicated as transmitted at the same slot/sub-slot, the UE multiplexes HARQ-ACK with the same priority regardless whether PUCCH resources are overlapped or not.
Proposal 12: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, support Alt 4.
Proposal 13: For multiplexing/prioritizing NACK-only based feedback with unicast HARQ-ACK, SR, CSI, or PUSCH, support either of the following options:
· Option 1-1: Drop NACK-only based feedback when a PUCCH for NACK-only based feedback overlaps with a PUCCH for unicast HARQ-ACK, SR, CSI or a PUSCH.
· Option 2-2: Support multiplexing/prioritizing when a PUCCH for NACK-only based feedback overlaps with a PUCCH for unicast HARQ-ACK, SR, CSI or a PUSCH.
· Multiplexing/prioritizing is applied regardless of whether NACK-only feedback is actually transmitted or not
Proposal 14: Include an aperiodic CSI report trigger in the second DCI format for multicast.
Proposal 15: Support aperiodic CSI reporting on PUCCH.

4 References
[1] [bookmark: _Ref66269113]RP-201038, “Revised Work Item on NR Multicast and Broadcast Services”, Huawei, HiSilicon
[2] [bookmark: _Ref66269125]Draft Report of 3GPP TSG RAN WG1 #104-e v0.3.0
[3] [bookmark: _Ref71187707]Draft Report of 3GPP TSG RAN WG1 #104bis-e v0.1.0
[4] Draft Report of 3GPP TSG RAN WG1 #105-e v0.2.0
[5] [bookmark: _Ref83372270]Report of 3GPP TSG RAN WG2 meeting #114-e
[6] [bookmark: _Ref83384197]Draft Report of 3GPP TSG RAN WG1 #106-e v0.2.0

image4.png
ACK NACK/\A‘-
q d

PDSCH
NACK /"_‘





image5.png
PUCCH resource list

ACK/NACK bits [ PUCCH resource

ACK 0,0,0

0,0,1
0,1,0

0,1,1

NACK-only based [ 1.0.0

feedback 101

1,10
1,11 N/A

o o l|s|lw v~ o




image6.png
PUCCH

—time

PUCCH

PUCCH
resource

PUCCH
resource

resource

resource

Reference PUCCH resource

balj—





image1.emf
time

Group-common PDCCH

- PDSCH-to-HARQ_feedback timing indicator = ‘010’

- ...

Group-common PDSCH

PUCCH from UE1

PUCCH from UE2

PDSCH-to-HARQ_feedback

timing indicator

K1

‘000’ 3

‘001’ 4

‘010’ 5

... ...

PDSCH-to-HARQ_feedback

timing indicator

K1

‘000’ 2

‘001’ 3

‘010’ 4

... ...


image2.emf
HARQ-ACK CB construction

(i.e. PUCCH resource is not determined yet)

Is there any overlap

with other PUCCH (i.e. SR or CSI)?

Start

Receive multiple PDCCHs/PDSCHs

with same feedback slot

PUCCH resource determination

based on payload size and last DCI

PUCCH multiplexing based on 

pseudo-code in 9.2.5 of 38.213

End (TX)

Rel-15 UE

Yes

No


image3.png
Group-common

PDCCH/PDSCH SR
UE-specifi Al i
PDCCH/PDSCH —tme”

Processing flow

1. HARQ-ACK CB construction per cast type (1a, 1b): 9.1 of 38.213

2 PUCCH resource determination - HARQ-ACK for unicast and SR: 9.2.5 of 38.213

3. HARQ-ACK CB construction across cast types: 9.1 of 38.213

4 PUCCH resource determination - HARQ-ACK for unicast/multicastand SR: 9.2.5 of 38.213




