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Introduction
In RAN1#106 e-meeting, the following agreements were achieved to improve reliability for RRC_CONNECTED UEs [1]:
	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. 

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. 

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

[bookmark: _Hlk85124578]Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Agreement:
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 

Agreement:
For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling. 
· FFS: Whether the configuration is per SPS configuration index or per G-CS-RNTI.
· Note: Whether there is a UE capability for support of NACK-only based HARQ-ACK or not will be discussed as part of UE features discussion.

Agreement:
· If configured, the pdsch-AggregationFactor for multicast dynamic scheduling is configured per G-RNTI. 
· If configured, the pdsch-AggregationFactor for multicast SPS is configured per SPS-Config-Multicast. 
Agreement:
For slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A or Config B can be configured to UE:
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. If UE is configured with Config B, UE does not expect to be configured with Config A for the same SPS group-common PDSCH.
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is
· Alt1: equal to 1.

Agreement:
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 


Agreement:
For the priority index for the first DCI format for GC-PDCCH, support the following Alt2 from the previous agreement: 
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 

Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions can be configured between the following alternatives from the previous agreement:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Support of Alt. 1 is a UE capability

Agreement:
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 the following Alt1 from the previous agreement:
· Alt.1: The last DCI for unicast
· FFS: Any details when last DCI is missed by the UE if it is necessary to make them different from current specifications for this case.



In this contribution, we provide our views on the remaining issues.
Discussion
Currently, gNB indicates a UE the HARQ-ACK codebook type, i.e. semi-static or dynamic, via RRC signalling. For MBS UE, it was already agreed that both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook can be configured. It is well known that type-1 HARQ-ACK codebook provides more reliability than type-2 HARQ-ACK codebook as the codebook is constructed on basis of semi-static configuration. However, the overhead of type-1 HARQ-ACK codebook would be much larger than that of type-2 HARQ-ACK codebook. The configurability between type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook provides not only flexibility at gNB side but also better PUCCH performance at UE side.  One question raised in the last meeting is that whether UE can be configured with different CB types for unicast and multicast respectively with the same priority. We don’t see the need to mandate gNB to configure the same CB types for unicast and multicast when both codebook have the same priority. The requirement on HARQ-ACK transmission between unicast and multicast can be significantly different. In order to guarantee the sufficient performance, it should maintain the flexibility on CB configuration. Obviously, the same assumption should also be applied to the case wherein unicast and multicast HARQ-ACK have different priority.
Additionally, we achieved the following agreement in RAN1#106 e-meeting:
	Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.


Although the above agreement only mentioned that the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that of unicast, we believe the intention behind the agreement is not to restrict the codebook configuration for unicast and multicast. To make it clear with the aforementioned consideration, we have the following proposal:
Proposal 1: A MBS UE can be configured with different CB types for unicast and multicast respectively.
Furthermore, the following solutions were proposed during discussion:
· Alt1: support generating the separate CBs with the same priority that are to be transmitted on two non-overlapping case. UE is not expected to be configured with different CB types for the overlapping cases. 
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
· Alt3: UE is not expected to be configured with different CB types for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt4: Up to network to configure to avoid. No spec impact. 
· Alt5: The UE is not scheduled with unicast and multicast PUCCHs in the same slot with same priority, if unicast and multicast are configured to with CB types.
As analysed in the above, we don’t think there is a need to restrict the configuration of CB type for unicast and multicast. Additionally, alt 5 introduce scheduling restriction at gNB side. Hence we prefer alt 2.
Proposal 2: A MBS UE can generate separate sub-codebooks for unicast and multicast, and concatenate them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases (alt2).

During last several meetings, the potential mechanisms on handling the case wherein more than one NACK-only based feedback are available for transmission in the same PUCCH slot was extensively discussed.  In RAN1#106bis e-meeting, they were boiled down to alt 1 and alt 4.
	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


For alt 1, UE has to transform NACK-only bits into ACK/NACK HARQ bits in order to multiplex the several multiple NACK bits together. It violates the spirit of introducing NACK-only based HARQ-ACK feedback, i.e. reducing the HARQ-ACK feedback overhead. Furthermore, it is unclear on how to transmit the transferred ACK/NACK HARQ bits. For NACK only based HARQ-ACK, PUCCH format 0 or PUCCH format 1 is configured and neither of them is capable for codebook based transmission. On the other hand, UE may transmit the transferred bits on the PUCCH resources configured for unicast feedback. However, it bring more uncertainties as the UE can be configured with up to two PUCCH-config, different codebook types and different priorities. It would further complicate the multiplexing procedure.
For alt 4, one concern is that it would introduce substantial specification impacts. As analysed aforementioned, the specification impacts relevant alt 1 is not trivial as well. On the other hand, we do need some specification supports in order to realize NACK-only based HARQ/ACK feedback. Define combination of NACK-only bits is an essential step to make the whole feature complete. Another concern is the number of NACK bits needs to be combined together would be diverse, saying PUCCH format 0 and PUCCH format 1 cannot support more than 2 bits. We believe this issue can be properly handled by gNB implementation.

Proposal 3: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission (alt.4).

In RAN1#105 e-meeting, the following agreement was achieved:
	Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 


For SPS activation/deactivation, it is the key for a UE to recognize the to-be-activated or to-be-deactivated SPS PDSCH. The performance of SPS transmission would be significantly degraded once the gNB cannot realize UE fails to decode the activation/deactivation. If NACK-only based HARQ-ACK feedback is also supported for SPS activation/deactivation, gNB cannot differentiate whether a MBS UE decodes the activation/deactivation DCI successfully or fails to decode it. The consequence is that gNB will do nothing if it doesn’t receive any NACK from UE. Accordingly, the UE missing the activation/deactivation DCI cannot receive the SPS PDSCH or release the SPS PDSCH. The experience at UE side would be jeopardized which is unacceptable.

Proposal 4: For SPS activation/deactivation of multicast SPS PDSCH, UE does not support NACK-only based HARQ-ACK feedback.

It was agreed that a group-common DCI can be used to indicate whether ACK/NACK based HARQ-ACK feedback is enabled or disabled. Regarding the detail DCI design, the following two alternatives were identified:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI.
[bookmark: _GoBack]For group common PDSCH scheduling, the first DCI format and second DCI format are defined which take the DCI format 1_0 and DCI format 1_1 as the baseline respectively. The DCI content is also preliminarily discussed under the umbrella of group scheduling. Although there are different views on how to handle the useless information fields for MBS, i.e. removal or reserving, there is no doubt that some MBS-specific information bit fields are needed in the DCI. Alt 1 intends to re-farm the reserved information bits with new functionality, which locates at the same position as the reserved bits in the DCI. Alt 2 has more flexibility as the new field can be appended to the other useful information bit fields. Actually both alt 1 and alt 2 introduce a new field as the HARQ/ACK feedback indication provide totally new functionality compared to the current DCI formats. The only difference between these two alternatives is where we should assign the new field within a DCI.

Proposal 5: For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, introduce a new field in the group-common DCI (alt2).

Conclusion 
In this contribution, we discuss the remaining issues related to improvement on reliability, we have the following proposals:

Proposal 1: A MBS UE can be configured with different CB types for unicast and multicast respectively.
Proposal 2: A MBS UE can generate separate sub-codebooks for unicast and multicast, and concatenate them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases (alt2).
Proposal 3: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission (alt.4).
Proposal 4: For SPS activation/deactivation of multicast SPS PDSCH, UE does not support NACK-only based HARQ-ACK feedback.
Proposal 5: For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, introduce a new field in the group-common DCI (alt2).
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