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1. Introduction
In RAN1#104b-e meeting, the following agreements were made regarding the mechanisms to improve reliability of multicast for RRC_CONNECTED UEs [1]. 
Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 

Agreement:
Two priority indexes are introduced for multicast, with
· Index 0 meaning low priority and index 1 meaning high priority.
· Priority index can be included in DCI formats scheduling the group-common PDSCH. 
· FFS details for DCI formats.
· FFS: the priority comparison between multicast and unicast with the same priority index. 

Agreement:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For a separate PUCCH-ConfigurationList for multicast that is optionally configured, at least for ACK/NACK based HARQ-ACK feedback, 
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority codebook and high priority codebook, respectively.
· FFS other configurations 

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 

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 this contribution, we will make discussions on detailed reliability improvement schemes 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/multiplexed HARQ-ACK codebook for unicast and multicast, UCI multiplexing/prioritization and HARQ-ACK codebook design of ACK/NACK based HARQ-ACK feedback.
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, transmitting two slot based PUCCHs for HARQ-ACK is supported in M-TRP, where two PUCCHs for HARQ-ACK corresponds to two different TRPs. 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. For UEs that support M-TRP feature, transmitting two slot based PUCCHs for multicast HARQ-ACK in a slot can also be supported. From the perspective of satisfying low HARQ-ACK latency requirement of some multicast services, introducing sub-slot based PUCCH-Config for multicast HARQ-ACK is supported.
Proposal 1: Support sub-slot based PUCCH transmission for multicast HARQ-ACK. 
Proposal 2: For UEs with M-TRP capability, support transmitting two slot based PUCCHs for multicast HARQ-ACK in a slot.
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.
Proposal 3: 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.
2.2. Separate/multiplexed HARQ-ACK codebook construction conditions
Similar to Rel-16 URLLC, multicast service can be configured with a pdsch-HARQ-ACK-CodebookList corresponding to two PUCCH-config associated with different priority index. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook for multicast is associated with a PUCCH of priority index 0. If the UE is indicated to generate two HARQ-ACK codebooks, the first HARQ-ACK codebook for multicast is associated with a PUCCH of priority index 0 and the second HARQ-ACK codebook for multicast is associated with a PUCCH of priority index 1.
Proposal 4: A separate pdsch-HARQ-ACK-CodebookList can be configured for multicast service. 
In last RAN1 meeting, it is agreed that a separate PUCCH-ConfigurationList for multicast can be configured, where the separate PUCCH-ConfigurationList includes up to 2 PUCCH-Config configurations corresponding to low priority codebook and high priority codebook, respectively. However, whether UE generates separate HARQ-ACK codebooks for multicast and unicast respectively is independent of whether separate PUCCH-Config is configured for multicast. 
In Table 2, we discuss whether/when a UE needs to generate separate/single HARQ-ACK codebooks for multicast and unicast. For both shared and separate PUCCH-Config, generating separate/single HARQ-ACK codebook for multicast and unicast depends on the priority of unicast HARQ-ACK and multicast HARQ-ACK, the overlapping occasion of PUCCH for HARQ-ACK, and the number of PUCCH for HARQ-ACK per slot(sub-slot). As the discussion in section 2.1, UE supports M-TRP capability can transmits two PUCCHs for multicast HARQ-ACK feedback can be supported. It should be noted that in Table 2, we consider that one UE can only transmit one or two PUCCHs for HARQ-ACK (if UE support M-TRP capability) in one slot (sub-slot) taking into account both multicast and unicast HARQ-ACK feedback.
Table 2. Separate/multiplexed HARQ-ACK codebook construction conditions
	Case
	Condition 1:
Whether HARQ-ACK for unicast and for multicast are the same or different priority 
	Condition 2:
Whether HARQ-ACK PUCCH for unicast and for multicast are overlap in time or not
	Condition 3:
The number of HARQ-ACK PUCCHs in one slot(sub-slot)
	Result:
UE needs to generate separate HARQ-ACK codebooks for multicast and unicast or multiplexed in one PUCCH

	1
	the same priority
	not overlap
	one
	multiplexing

	2
	the same priority
	not overlap
	two
	separate HARQ-ACK codebooks

	3
	the same priority
	overlap
	one/two
	multiplexing

	4
	different priorities
	overlap/not overlap
	one/two
	separate HARQ-ACK codebooks



Proposal 5: At least at the following conditions, separate HARQ-ACK codebooks for multicast and unicast are generated 
· HARQ-ACK for unicast and for multicast have different priorities.
· HARQ-ACK for unicast and for multicast have the same priority and unicast PUCCH and multicast PUCCH for HARQ-ACK do not overlap in time, and two PUCCHs for HARQ-ACK for different services can be transmitted in one slot(sub-slot).
Proposal 6: At least at the following conditions, HARQ-ACK for multicast and unicast are multiplexed in one PUCCH 
· HARQ-ACK for unicast and for multicast have the same priority and unicast PUCCH and multicast PUCCH for HARQ-ACK overlap in time.
· HARQ-ACK for unicast and for multicast have the same priority, unicast PUCCH and multicast PUCCH for HARQ-ACK do not overlap in time, but only one PUCCH for HARQ-ACK can be transmitted in one slot(sub-slot).
2.3. [bookmark: _Hlk61623906]UCI multiplexing/prioritization with HARQ-ACK for unicast
2.3.1. Priority of HARQ-ACK for multicast
Two priority indexes are introduced for multicast, and priority index of HARQ-ACK for multicast can be indicated in DCI format scheduling the group-common PDSCH. The priority comparison between multicast and unicast with the same priority index is not supported. For unicast and multicast services with the same priority index, determining the priority comparison between every two unicast and multicast services is too complicated. In current release, we prefer to finish the design of multiplexing/prioritization rule and codebook based on the same priority between multicast and unicast with the same priority index.
Proposal 7: The priority comparison between multicast and unicast with the same priority index is not supported. 
2.3.2. PUCCH resource determination 
When the priority of multicast HARQ-ACK equals to priority of unicast HARQ-ACK, the PUCCH resources for HARQ-ACK multiplexing should be determined based on the PRI indicated in the last DCI for unicast, and a single codebook of unicast and multicast is constructed. 
On one hand, if the last DCI is multicast, there is no closed-loop power control for unicast PUCCH. On the other hand, when multicast and unicast HARQ-ACK are configured with separate PUCCH-Config, the PUCCH resource after HARQ-ACK multiplexing based on the last unicast DCI can reduce PUCCH overhead. This is because if only the HARQ-ACK feedback for multicast needs to be transmitted on the PUCCH resources of multicast, the size of HARQ-ACK codebook can be determined in advance, so that RRC signaling only needs to configure few PUCCH resources for HARQ-ACK for multicast. If HARQ-ACK feedback for unicast multiplexes on the PUCCH resources of multicast, the UCI payload size after multiplexing is not fixed. In order to ensure the same flexibility of payload size of multicast and unicast, RRC signaling needs to configure 4 PUCCH resource sets for multicast, which brings huge PUCCH overhead. Therefore, the last unicast DCI is used in multiplexing rule to reduce PUCCH overhead of multicast HARQ-ACK.
Proposal 8: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission should be based on the PRI indicated in the last DCI for unicast. 
2.4. Type-1 HARQ-ACK codebook design
2.4.1. Case 1: TDM-ed unicast and multicast PDSCH
In last meeting, the condition about determining the candidate PDSCH occasions using union TDRA tables were discussed but bot have consensus. Let’s consider the following case, where the K1 lists for multicast and unicast are different. As shown in Fig. 3, a multicast service and a unicast service scheduled by single DCI format are taken as an example. With separate PUCCH configuration, K1 list 1 for unicast and K1 list 2 for multicast are different. 
[image: C:\Users\cmcc\Desktop\图片1.png]
Fig. 3 Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH
And the PDSCH TDRA sets for multicast and unicast are also different as in Fig. 4 which illustrating about PDSCH TDRA set configuration. The green part is the PDSCH TDRA set configured for unicast, and the yellow part is the PDSCH TDRA set configured for multicast, the starting position and length of green/yellow rectangle means the starting symbol and length for a given SLIV index. 



Fig. 4 Different TDRA sets configurations for multicast and unicast
When constructing Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH, the complete set of slot timing values K1 is the union of different K1 lists, there are two cases for a specific slot timing values K1: 
1) K1 in the intersection of K1 lists:
The PDSCH reception candidate occasions are determined based on the union of PDSCH TDRA sets of unicast and multicast. As the illustration, the number of PDSCH reception candidate occasions is 2.
2) K1 not in the intersection of K1 lists:
The PDSCH reception candidate occasions are determined based on the PDSCH TDRA set(s) of unicast or multicast. Which TDRA set to be used depends on whether K1 is included in K1 list of multicast or K1 list unicast. If the specific K1 is only included in K1 list of multicast, the number of PDSCH reception candidate occasions is 1 but not 2. In contrast, for each slot timing value in the union of different K1 lists, if we always use the union of PDSCH TDRA sets to determine the PDSCH reception candidate occasions, there will be lots of unnecessary HARQ-ACK bits. Therefore, we support alt 1 of Proposal 2.4.2.3-1-r1 [2] to reduce HARQ-ACK bits overhead. 
For example in Fig. 3, PDSCH slot nD,2 is in the intersection of K1 list 1 and K1 list 2, thus the union of the PDSCH TDRA sets is used in PDSCH slot nD,2 to determine PDSCH candidate occasion. PDSCH slot nD,1 only appears in K1 list 1, thus the PDSCH TDRA set for unicast is used in PDSCH slot nD,1 to determine PDSCH candidate occasion. PDSCH slot nD,3 only appears in K1 list 2, thus the PDSCH TDRA set for multicast is used in PDSCH slot nD,3 to determine PDSCH candidate occasion. 
Therefore, we support that the union of the PDSCH TDRA sets is used to determine PDSCH candidate occasions only when a specific slot timing value is in the intersection of K1 lists for unicast and multicast. When a specific slot timing value only appears in one K1 list, the corresponding partial PDSCH TDRA set instead of the union of the PDSCH TDRA sets is used.
Proposal 9: 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 is:
· 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. 
2.4.2. Case 2: FDM-ed unicast and multicast PDSCH
When FDM-ed one unicast and one multicast is supported, for a specific slot timing value K1 in the intersection of different K1 lists, each PDSCH candidate occasion generates two HARQ-ACK bits, one for unicast and one for  multicast. In last RAN1 meeting 4 options for the ordering of HARQ-ACK bits for unicast and multicast are discussed in [2]:
Proposal 2.4.2.5
[bookmark: OLE_LINK17][bookmark: OLE_LINK20]For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, consider the following options
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
· Opt 2: HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.
· Opt 3: HARQ-ACK bits for unicast precedes HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.
We support Option 2 since the HARQ-ACK bits are ordered per slot, which is similar to the existing Type-1 HARQ-ACK codebook construction. We do not support Option 3 since the division of SLIV group is complicated, while the benefit of Option 3 is not clear compared with Option 2.
Proposal 10: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.Determine which service HARQ corresponds to
Determine which service HARQ corresponds to
Analyzing which corresponds to HARQ traffic
Analyzing which corresponds to HARQ traffic
无法加载全部结果
重试
正在重试…
正在重试…
2.5. Type-2 HARQ-ACK codebook design
The concatenation order of Type-2 HARQ-ACK codebook for unicast and multicast can be sub-codebook for unicast first, and then in ascending order of G-RNTI values for sub-codebooks for different multicast services.
Proposal 11: The concatenation order of Type-2 HARQ-ACK codebook for multicast can be in ascending order of G-RNTI values for sub-codebooks for different multicast services.
2.6. UCI multiplexing/prioritization with other UCIs
2.6.1. Priority relationship with other UCIs
Priority relationship between multicast HARQ-ACK and other UCIs is summarized in Table 3. Configuring different priority of unicast HARQ-ACK, unicast SR, CSI and unicast PUSCH has been supported in Rel-16. As discussed in section 2.2.1, priority indication of multicast HARQ-ACK is introduced in Rel-17. Depending on the priority index, the priority of multicast HARQ-ACK can be lower, higher than or equal to the priority of other UCIs for unicast. If multicast HARQ-ACK and other UCIs have the same priority index, they priorities are the same. Otherwise, the priority relationship depends on the priority index.
Table 3. Priority relationship with other UCIs
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Proposal 12: The priority of multicast HARQ-ACK can be lower, higher than or equal to the priority of other UCIs for unicast.
· Multicast HARQ-ACK and other UCIs with the same priority index have the same priority. 
2.6.2. Multiplexing/prioritization rule
The multiplexing/prioritization rule between HARQ-ACK for unicast and other UCIs for unicast has been designed in Rel-16. Since the priority indication of multicast HARQ-ACK can reuse the priority indication method of unicast HARQ-ACK, i.e. indicating priority in DCI, the multiplexing/prioritization framework of HARQ-ACK for multicast and other UCIs for unicast is the same as that of HARQ-ACK for unicast and other UCIs for unicast. Thus, the multiplexing/prioritization rule between the HARQ-ACK for multicast and other UCIs for unicast can reuse Rel-16 multiplexing/prioritization rule between the HARQ-ACK for unicast and other UCIs for unicast .
Proposal 13: The multiplexing/prioritization rule between the HARQ-ACK for multicast and other UCIs for unicast can reuse Rel-16 multiplexing/prioritization rule between the HARQ-ACK for unicast and other UCIs for unicast.
3. NACK-only based HARQ-ACK feedback
In last RAN1 meeting, NACK-only based HARQ-ACK feedback has been supported for RRC_CONNECTED UEs for multicast. In this section, we will discuss PUCCH format, HARQ-ACK codebook design and UCI multiplexing/prioritization of NACK-only based HARQ-ACK feedback.
1. 
2. 
3.1. PUCCH format
The most advantage of NACK-only based HARQ-ACK feedback is reducing PUCCH overhead and simplified gNB detection. Considering UE only needs to feedback NACK information, PUCCH format 0 and PUCCH format 1 can be used, which can carrying maximum 2 bits UCI can be used. 
Proposal 14: PUCCH format 0 and PUCCH format 1 can be used for NACK-only based HARQ-ACK feedback.
3.2. PUCCH resource configuration
For NACK-only based HARQ-ACK feedback, the PUCCH can be shared among UEs in one multicast group. As the discussion in section 3.1, PUCCH format 0 and 1 can be used as the PUCCH format, another issue needs to be discussed is the mapping between group-common PDSCH and NACK-only PUCCH.
The simplest method is the group-common PDSCH has one-to-one mapping with NACK-only PUCCH, that is the NACK-only PUCCH resources are different for different group-common PDSCHs, but this method will restrict the number of group-common PDSCHs or NACK-only PUCCHs, especially in DL-heavy TDD scenario. For example, in DDDDDDDSUU frame structure, HARQ-ACK information for 7 PDSCHs in 7 DL slots needs to be transmitted in 2 UL slots. Considering one UE can only transmit two PUCCHs in one slot, 7 NACK-only PUCCHs cannot be transmitted in 2 UL slots, which causes delay of NACK-only feedback. Transmitting two PUCCHs in one slot restricts that gNB can only schedule 4 group-common PDSCHs in a frame. 
To deal with this problem, Type-1 HARQ-ACK codebook-like many-to-one mapping can be introduced to NACK-only based HARQ-ACK feedback, but the PUCCHs are stilled shared among UEs. As illustrated in Table 4, 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 not maximum 3 PUCCHs in one slot. From gNB’s perspective, there are total 6 PUCCH resources.
Table 4. 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 15: Considering the following two group-common PDSCH HARQ-ACK information associations with PUCCH for NACK-only based HARQ-ACK feedback:
· NACK inforamtion of different group-common PDSCHs are feedbacked in different PUCCHs respectively.
· Different HARQ-ACK information of a number of group-common PDSCHs are feedbacked in different PUCCHs respectively.
3.3. UCI multiplexing/prioritization
For NACK-only based HARQ-ACK feedback, the priority indication of HARQ-ACK for multicast is the same as the ACK/NACK based HARQ-ACK feedback case. However, it is difficult to multiplex multicast HARQ-ACK feedback, unicast HARQ-ACK feedback and other UCIs on the NACK feedback PUCCH resource for multicast. Therefore, additional dropping rule needs to be defined, e.g., dropping the NACK-only feedback PUCCH when it is conflicted with other PUCCHs. If at least one UE which doesn’t need PUCCH multiplexing feedbacks NACK successfully, retransmission of group-common PDSCH can work normally. Since NACK-only based HARQ-ACK feedback is suitable for the case with a large amount of UEs in a group, the probability that all the UEs don’t feedback NACK due to PUCCH collision is quite small. Thus, the dropping rule can solve the multiplexing problem effectively. 
Proposal 16: If there is a collision between NACK-only feedback PUCCH for multicast and other UCIs, NACK-only feedback PUCCH can be dropped to solve the multiplexing issue.
4. Enabling/disabling HARQ-ACK feedback for multicast 
We support option 2 and option 3 to enable/disable HARQ-ACK feedback for multicast. Different options are suitable for different use cases. For Option 2, RRC can indicate enabling/disabling per UE. For Option 3, the reliability requirement of different multicast services may be different, RRC can configure enabling/disabling HARQ-ACK feedback function per service. DCI can indicate enabling/disabling of HARQ-ACK feedback dynamically, which increases the flexibility of network configuration. For example, when the number of multicast UEs increases, group-common DCI indicates disabling HARQ-ACK feedback of a group of UEs to reduce PUCCH overhead. 
Proposal 17: Option 2 and Option 3 can be supported for enabling/disabling HARQ-ACK feedback for multicast.
1. 
1. Conclusion
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: For multicast UEs that support M-TRP feature, support transmitting two slot based PUCCHs for multicast HARQ-ACK in a slot.
Proposal 3: 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 4: A separate pdsch-HARQ-ACK-CodebookList can be configured for multicast service. 
Proposal 5: At least at the following conditions, separate HARQ-ACK codebooks for multicast and unicast are generated 
· HARQ-ACK for unicast and for multicast have different priorities.
· HARQ-ACK for unicast and for multicast have the same priority and unicast PUCCH and multicast PUCCH for HARQ-ACK do not overlap in time, and two PUCCHs for HARQ-ACK for different services can be transmitted in one slot(sub-slot).
Proposal 6: At least at the following conditions, HARQ-ACK for multicast and unicast are multiplexed in one PUCCH 
· HARQ-ACK for unicast and for multicast have the same priority and unicast PUCCH and multicast PUCCH for HARQ-ACK overlap in time.
•	HARQ-ACK for unicast and for multicast have the same priority, unicast PUCCH and multicast PUCCH for HARQ-ACK do not overlap in time, but only one PUCCH for HARQ-ACK can be transmitted in one slot(sub-slot).
Proposal 7: The priority comparison between multicast and unicast with the same priority index is not supported. 
Proposal 8: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission should be based on the PRI indicated in the last DCI for unicast. 
Proposal 9: 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 is:
· 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. 
Proposal 10: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.Determine which service HARQ corresponds to
Determine which service HARQ corresponds to
Analyzing which corresponds to HARQ traffic
Analyzing which corresponds to HARQ traffic
无法加载全部结果
重试
正在重试…
正在重试…
Proposal 11: The concatenation order of Type-2 HARQ-ACK codebook for multicast can be in ascending order of G-RNTI values for sub-codebooks for different multicast services.
Proposal 12: The priority of multicast HARQ-ACK can be lower, higher than or equal to the priority of other UCIs for unicast.
· Multicast HARQ-ACK and other UCIs with the same priority index have the same priority. 
Proposal 13: The multiplexing/prioritization rule between the HARQ-ACK for multicast and other UCIs for unicast can reuse Rel-16 multiplexing/prioritization rule between the HARQ-ACK for unicast and other UCIs for unicast.
Proposal 14: PUCCH format 0 and PUCCH format 1 can be used for NACK-only based HARQ-ACK feedback.
Proposal 15: Considering the following two group-common PDSCH HARQ-ACK information associations with PUCCH for NACK-only based HARQ-ACK feedback:
· NACK inforamtion of different group-common PDSCHs are feedbacked in different PUCCHs respectively.
· Different HARQ-ACK information of a number of group-common PDSCHs are feedbacked in different PUCCHs respectively.
Proposal 16: If there is a collision between NACK-only feedback PUCCH for multicast and other UCIs, NACK-only feedback PUCCH can be dropped to solve the multiplexing issue.
Proposal 17: Option 2 and Option 3 can be supported for enabling/disabling HARQ-ACK feedback for multicast.
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