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1. Introduction
In RAN1#106b-e meeting, the following agreements were made regarding the mechanisms to improve reliability of multicast 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. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 

[bookmark: _Hlk85124578]Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 
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:
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 will make discussions on detailed HARQ-ACK feedback designs to improve reliability of multicast for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]ACK/NACK based HARQ-ACK feedback
In this section, we will discuss PUCCH resource configuration, separate/single HARQ-ACK codebook for unicast and multicast, and Type-1 HARQ-ACK codebook design.
2.1. PUCCH resource configuration
In Rel-16, the PUCCH-Config used for unicast can be slot based or sub-slot based. With slot based PUCCH-Config, transmitting one slot based PUCCH for HARQ-ACK in a slot is supported. With sub-slot based PUCCH-Config, low HARQ-ACK latency requirement of some unicast services can be satisfied.
For Rel-17 multicast service, when gNB configures slot based PUCCH-Config for multicast HARQ-ACK, transmitting one slot based PUCCH for HARQ-ACK in a slot is supported. From the perspective of satisfying low HARQ-ACK latency requirement of some multicast services, such as in V2X scenario, introducing sub-slot based PUCCH-Config for multicast HARQ-ACK is supported. If multicast HARQ-ACK only supports slot based PUCCH-Config, it is necessary to design the multiplexing of slot based PUCCH for multicast and sub-slot based PUCCH for unicast. When several sub-slot based PUCCHs for unicast overlap with one slot based PUCCH for multicast, it is complicated to determine which PUCCHs among them perform multiplexing. From the perspective of reducing the complexity of multiplexing, sub-slot based PUCCH-Config for multicast HARQ-ACK should be supported.
Proposal 1: Support sub-slot based PUCCH transmission for multicast HARQ-ACK. 
As summarized in Table 1, if separate PUCCH-Config is configured, the PUCCH configuration of multicast and unicast HARQ-ACK can be divided into four cases based on different slot structures of PUCCH under different priority relationship between multicast and unicast. The third column is our view about whether to support this PUCCH configuration case. 
Table 1. View about PUCCH configuration cases when separate PUCCH is configured for multicast
	Priority
	PUCCH-Config (multicast & unicast)
	Support

	multicast = unicast 

	slot based PUCCH & slot based PUCCH 
	Y

	
	slot based PUCCH & sub-slot based PUCCH 
	N

	
	sub-slot based PUCCH & sub-slot based PUCCH (same sub-slot length)
	Y

	
	sub-slot based PUCCH & sub-slot based PUCCH (different sub-slot length) 
	N

	multicast ≠ unicast
	slot based PUCCH & slot based PUCCH 
	Y

	
	slot based PUCCH & sub-slot based PUCCH 
	

	
	sub-slot based PUCCH & sub-slot based PUCCH (same sub-slot length)
	

	
	sub-slot based PUCCH & sub-slot based PUCCH (different sub-slot length) 
	


· Scenario 1: Multicast HARQ-ACK and unicast HARQ-ACK have the same priority
The configuration of PUCCH-Config for multicast and unicast HARQ-ACK which have the same PUCCH structure can be supported, e.g. both configured with slot based PUCCH or both configured with sub-slot based PUCCH with same sub-slot length. In this configuration case, the PUCCH resource after HARQ-ACK multiplexing is determined based on the last DCI which is similar to Rel-16 PUCCH multiplexing rule. 
The configuration of PUCCH-Config for multicast and unicast HARQ-ACK which have different PUCCH structures cannot be supported, e.g. multicast HARQ-ACK is configured with slot based PUCCH and unicast HARQ-ACK is configured with sub-slot based PUCCH, or multicast and unicast HARQ-ACK are configured with sub-slot based PUCCH with different sub-slot length, because the sub slot boundaries are not aligned which causes PUCCH multiplexing is too complicated. For example, as shown in Fig. 1, several sub-slot based PUCCHs for unicast with sub-slot length of 2 symbols overlap with one slot based PUCCH for multicast, it is hard to determine which PUCCHs among them perform multiplexing. Sub-slot based PUCCH is configured to satisfy low latency requirement of unicast service. If PUCCH1, PUCCH2 and PUCCH3 multiplex on PUCCH5, the latency of unicast service is extended. If PUCCH5 multiplex on one of PUCCH1, PUCCH2 and PUCCH3, the coverage of slot based PUCCH5 is sacrificed. 

Fig. 1 multiplexing of slot based PUCCH and sub-slot based PUCCH
As shown in Fig. 2, sub-slot based PUCCH1, PUCCH2 and PUCCH3 for unicast with sub-slot length of 2 symbols overlap with sub-slot based PUCCH5 and PUCCH6 with sub-slot length of 7 symbols, PUCCH4 overlaps with PUCCH6. It is too complicated to determine which PUCCHs among them perform multiplexing.

Fig. 2 multiplexing of sub-slot based PUCCH with different sub-slot length
· Scenario 2: Multicast HARQ-ACK and unicast HARQ-ACK have different priority
If the priority of multicast HARQ-ACK does not equal to priority of unicast HARQ-ACK, the four combination cases of PUCCH configuration of multicast and unicast HARQ-ACK can be all supported. When multicast and unicast HARQ-ACK PUCCH with different priorities overlap in time, the HARQ-ACK with priority index 0 is dropped.
[bookmark: _Hlk83715448]Proposal 2: If separate PUCCH(s) is configured for HARQ-ACK for multicast, the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK with the same priority index should be the same. The PUCCH structure for PUCCH-Config for multicast and unicast HARQ-ACK with different priority index can be different.
For unicast, RAN2 has agreed that different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList, so that network can activate/deactivate PUCCH spatial relation for high/low priority depending on PUCCH resources ID, MAC-CE can be unchanged. Similarly, with regard to separate PUCCH-ConfigurationList configured for multicast, PUCCH Resource IDs in the two PUCCH-Config should be different.
Proposal 3: For the separate PUCCH-ConfigurationList configured for multicast for two simultaneously constructed HARQ-ACK codebooks with different priorities, 
· different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList
2.2. Separate/single HARQ-ACK codebook construction conditions
RAN1 106-e meeting agreed that when UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
Regarding the case of multicast and unicast have the same priority, as the discussion in section 2.1, we prefer that the PUCCH structure of multicast and unicast HARQ-ACK with the same priority index should be the same to avoid the complicated multiplexing issue of different PUCCH structures. There is no gain brought by separate codebooks of unicast and multicast under this restriction. Besides, constructing separate codebooks of unicast and multicast means that transmitting two slot based PUCCH for HARQ-ACK in a slot should be supported, which increases the requirement for UE capability and has not been agreed. Thus, single HARQ-ACK codebook of unicast and multicast should be constructed for the case of same priority, regardless of Type-1 or Type-2 HARQ codebook. 
Proposal 4: Single codebook for unicast and multicast is constructed for the case of same priority, for Type-1 and Type-2 HARQ codebook. 
2.3. TDM-ed Type-1 HARQ-ACK codebook
In last meeting, two alternatives about determining the candidate PDSCH occasions for different slot timing values were agreed, but how to construct the entire Type-1 HARQ-ACK codebook for Alt 1 is not discussed. 
To minimize spec impact, we prefer UE determining a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases in descending order of the slot timing values in K1 set which including three sub sets (K1 in the intersection of set A and set B, K1 in set A but not in set B and K1 in set B but not in set A). For each K1 in the K1 set, corresponding row index set R of the TDRA table is determined as Alt 1. 
Proposal 5: For TDM-ed unicast and multicast Type-1 HARQ-ACK codebook construction to be multiplexed in the same PUCCH resource, which PDSCH reception candidate occasions is determined based on Alt 1, UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases in descending order of the slot timing values in K1 set, and for each K1 in the K1 set, corresponding row index set R of the TDRA table is determined as Alt 1.
3. NACK-only based HARQ-ACK feedback
Last meeting proposed two alternatives to deal with the issue that UE may need to transmit more than one NACK-only based feedback in the same PUCCH slot in DL-heavy TDD scenario. The analysis of these alternatives is as the following. 
Alt 1 defeats the purpose of adopting NACK-only based HARQ-ACK feedback for multicast. Besides, UEs can not transmit different HARQ-ACK bits on a shared PUCCH for NACK-only, that means gNB needs to configure both PUCCH-ConfigurationList for ACK/NACK and PUCCH-ConfigurationList for NACK-only based feedback for multicast, which increases PUCCH overhead of multicast. 
We think Alt 4 is a more suitable method, where Type-1 HARQ-ACK codebook has many-to-one mapping with NACK-only PUCCH, but the PUCCHs are stilled shared among UEs. As illustrated in Table 2, assuming there are 3 group-common PDSCHs, the association between HARQ-ACK codebook value and PUCCH resource index can be pre-defined. From UE’s perspective, UE only needs to feedback one PUCCH instead of maximum 3 PUCCHs in one slot. From gNB’s perspective, there are total 6 PUCCH resources. 
Table 2. Association between HARQ-ACK codebook value and PUCCH resource index
	HARQ-ACK Value
	{1,1,0}
	{1,0,1}
	{0,1,1}
	{1,0,0}
	{0,1,0}
	{0,0,1}
	{0,0,0}

	PUCCH index
	0
	1
	2
	3
	4
	5
	6



Proposal 6: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, combination of NACK-only can be defined to correspond to a specific PUCCH.
· Different HARQ-ACK information of a number of group-common PDSCHs are feedbacked in different PUCCHs respectively.
4. HARQ-ACK feedback enabling/disabling 
Last meeting agreed to use RRC signaling to configure the enabling/disabling function and use group-common DCI to indicate enabling/disabling ACK/NACK based HARQ-ACK feedback. The group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI.
In 106-e meeting, some company concerned that HARQ-ACK feedback codebook misalignment issue if gNB only disables partial PDSCHs’ HARQ-ACK feedback that transmit in the same PUCCH. To avoid any potential HARQ-ACK mismatch or new UE behavior, the HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously and UE follows the legacy rule to generate the HARQ-ACK codebook.
Proposal 7: The HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously.
A remaining issue is group-common DCI indicating detailed design, there are two alternatives for HARQ-ACK feedback enable/disable field design. 
And as discussion in AI 8.12.1, for the first DCI format, both ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ field were agreed not needed, but it is not determined whether the field should be reserved or should be removed. Regarding the ‘Identifier for DCI formats’ field, we think it can be reused as 1 bit HARQ feedback enable/disable indicator and is fixed in the first DCI format. Because for a given G-RNTI, it is possible partial UEs are configured as “RRC enable/disable” but partial UEs are configured as “DCI enable/disable” and all UEs should receive the same DCI fields. In the second DCI format, it is similar to the first DCI format, the ‘Identifier for DCI formats’ field can be reused as ‘HARQ-ACK feedback enable/disable indicator’ field.
Proposal 8. Regarding the first and second DCI format for GC-PDCCH, 
· ‘Identifier for DCI formats’ field is reused as ‘HARQ-ACK feedback enable/disable indicator’
1. 
1. HARQ-ACK feedback for SPS
6.1. HARQ-ACK feedback for SPS activation/deactivation
For HARQ-ACK feedback of SPS activation/deactivation, if NACK-only based HARQ-ACK feedback is used, DTX and ACK will be ambiguous at gNB’s side. Besides, some UEs which have received the SPS group-common activation PDCCH successfully may receive the activation/deactivation PDCCH more than once, which is not necessary and the new PDCCH detection behaviour may need to be defined, e.g., UE can ignore the second activation/deactivation PDCCH. 
Compared with NACK-only base feedback method, ACK/NACK based feedback should be used to deal with the DTX issue. With ACK/NACK based feedback, gNB can find some UE(s) miss detect the activation/deactivation group-common PDCCH, and then UE-specific PDCCH can be used as activation/deactivation PDCCH to re-active/deactive these UEs again without causing other UEs’ ambiguity. 
[bookmark: _Hlk79157456]Therefore, ACK/NACK based feedback should be used for HARQ-ACK feedback of SPS activation/deactivation, and retransmitting the activation/deactivation command via UE-specific PDCCH can be supported to handle the reliability issue of SPS activation /deactivation.
Proposal 9: Support ACK/NACK based HARQ-ACK feedback for SPS activation/deactivation. 
6.2. HARQ-ACK feedback for SPS PDSCH without PDCCH scheduling
Last meeting agreed HARQ-ACK feedback option for multicast SPS PDSCH without PDCCH scheduling is configured by UE RRC signalling. A remaining FFS is whether the configuration is per SPS configuration index or per G-CS-RNTI.
Before discussing this issue, the association between G-CS-RNTI and SPS configuration should be determined first. As our analysis in AI 8.12.1 [2], since the WID says “the UE complexity should be minimized (e.g. device hardware impact should be avoided)” , the total number of SPS configuration including both multicast and unicast is kept as Rel-16, we think the G-CS-RNTI should also be one-to-one mapped with SPS configuration index. Otherwise, the actual number of SPS configurations is beyond the Rel-16 upper bound. 
Thus, it is reasonable to associate one G-CS-RNTI with one SPS configuration. Since HARQ-ACK feedback option for multicast services is configured per G-RNTI, to remain a union design, HARQ-ACK feedback option is configured per G-CS-RNTI, and different SPS multicast services can have different HARQ-ACK feedback option.
Proposal 10: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per G-CS-RNTI.
1. Conclusions
In this contribution, we make discussions on the reliability improvement of RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: Support sub-slot based PUCCH transmission for multicast HARQ-ACK.
Proposal 2: If separate PUCCH(s) is configured for HARQ-ACK for multicast, the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK with the same priority index should be the same. The PUCCH structure for PUCCH-Config for multicast and unicast HARQ-ACK with different priority index can be different.
Proposal 3: For the separate PUCCH-ConfigurationList configured for multicast for two simultaneously constructed HARQ-ACK codebooks with different priorities, 
· different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList
Proposal 4: Single codebook for unicast and multicast is constructed for the case of same priority, for Type-1 and Type-2 HARQ codebook.
Proposal 5: For TDM-ed unicast and multicast Type-1 HARQ-ACK codebook construction to be multiplexed in the same PUCCH resource, which PDSCH reception candidate occasions is determined based on Alt 1, UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases in descending order of the slot timing values in K1 set, and for each K1 in the K1 set, corresponding row index set R of the TDRA table is determined as Alt 1.
Proposal 6: 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 for unicast.
Proposal 7: The HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously.
Proposal 8: Regarding the first and second DCI format for GC-PDCCH, 
· ‘Identifier for DCI formats’ field is reused as ‘HARQ-ACK feedback enable/disable indicator’
Proposal 9: Support ACK/NACK based HARQ-ACK feedback for SPS activation/deactivation. 
Proposal 10: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per G-CS-RNTI.
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