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1. Introduction
In RAN1#104-e meeting, the following agreements were made regarding the mechanisms to improve reliability of multicast for RRC_CONNECTED UEs [1]. 
Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· [bookmark: _Hlk67992471]ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

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:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.

Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
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 last RAN1 meeting, ACK/NACK based HARQ-ACK feedback has been supported for RRC_CONNECTED UEs for multicast. In this section, we will discuss PUCCH resource configuration, UCI multiplexing/prioritization and HARQ-ACK codebook design of ACK/NACK based HARQ-ACK feedback.
2.1. PUCCH resource configuration
As the agreement in last RAN1 meeting, shared and separate PUCCH-Config can both be supported for HARQ-ACK feedback for multicast. In Rel-16, the PUCCH-Config used for unicast can be slot based or sub-slot based. In addition, transmitting two slot based PUCCHs for HARQ-ACK is supported in M-TRP, where two PUCCHs for HARQ-ACK corresponds to two different TRPs.
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, but transmitting two slot based PUCCH for HARQ-ACK in a slot is unnecessary, there are several reasons. Firstly, some multicast UEs in the same multicast group may not support M-TRP feature, that is gNB can not guarantee all UEs in the same multicast group can transmit two slot based PUCCHs for multicast HARQ-ACK feedback. Secondly, 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 enough. Lastly, if UE needs to transmit two PUCCHs with different priorities, it can be realized by configuring one slot based PUCCH-Config and one sub-slot based PUCCH-Config respectively. It is also not necessary to support transmitting two slot based PUCCH for HARQ-ACK in a slot.
Proposal 1: Support sub-slot based PUCCH transmission for HARQ-ACK for multicast. 
Proposal 2: Not support transmitting two slot based PUCCHs for HARQ-ACK for multicast in a slot.
Besides, we need to discuss the number of PUCCH-Config for multicast in case of separate PUCCH configuration. gNB can configure two PUCCH-Config for unicast, the first PUCCH-Config is for priority index 0 and the second PUCCH-Config is for priority index 1, and the slot structure of two PUCCH-Config can be different. Considering different multicast services have different priority and different HARQ-ACK latency requirements, similar to unicast, two PUCCH-Config can also be configured for multicast, i.e., the first PUCCH-Config is used for priority index 0 and the second PUCCH-Config is used for priority index 1. 
In a summary, when the PUCCH configuration of multicast HARQ-ACK shares with PUCCH configuration of unicast HARQ-ACK, as shown in Table 1, unicast HARQ-ACK and multicast HARQ-ACK with the same priority use the same PUCCH configuration. When the PUCCH configuration of multicast HARQ-ACK is separate from PUCCH configuration of unicast HARQ-ACK, as shown in Table 2, there are totally four PUCCH-Configs for different services with different priority. 
Table 1. PUCCH configuration with shared PUCCH configuration
	
	Multicast
	Unicast

	Priority index 0 
	the first PUCCH-Config

	Priority index 1
	the second PUCCH-Config


Table 2. PUCCH configuration with separate PUCCH configuration
	
	Multicast
	Unicast

	Priority index 0 
	the first PUCCH-Config for multicast
	the first PUCCH-Config for unicast

	Priority index 1
	the second PUCCH-Config for multicast
	the second PUCCH-Config for unicast



Proposal 3: For separate PUCCH configuration case, two PUCCH-Config can be configured for multicast HARQ-ACK, one for priority index 0, one for priority index 1.
2.2. [bookmark: _Hlk61623906]UCI multiplexing/prioritization with HARQ-ACK for unicast
2.2.1. Priority indication of HARQ-ACK for multicast
In last RAN1 meeting, it is agreed that the priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be lower, higher than or equal to the HARQ-ACK feedback for unicast. Whether priority indication of multicast HARQ-ACK is configured or indicated to the UE needs to be further discussed. 
In Rel-16, the ‘priority indicator’ in DCI format 1_1 and 1_2 is used to indicate priority of HARQ-ACK for unicast. Since multicast services are scheduled by G-RNTI, the DCI format of multicast DCI can reuse the DCI format of unicast DCI [2], multicast DCI can also use the ‘priority indicator’ field to indicate priority of HARQ-ACK for multicast. 
The priority indication and relationship between HARQ-ACK for unicast and multicast is shown in Table 3. When the priority index of multicast HARQ-ACK and unicast HARQ-ACK is 1 and 0 respectively, the priority of multicast HARQ-ACK is higher than unicast HARQ-ACK. When the priority index of multicast HARQ-ACK and unicast HARQ-ACK is 0 and 1 respectively, the priority of multicast HARQ-ACK is lower than unicast HARQ-ACK. When the priority index of multicast HARQ-ACK and unicast HARQ-ACK is the same, the priority of multicast HARQ-ACK equals to unicast HARQ-ACK. The total number of priorities across multicast and unicast is two.
Table 3. Priority indication and relationship between HARQ-ACK for unicast and multicast
	Priority relationship
	Priority index for multicast 
(Carrying in G-RNTI DCI) 
	Priority index for unicast 
(DCI format 1_1/1_2) 

	Multicast HARQ-ACK is higher than unicast HARQ-ACK
	1
	0

	Multicast HARQ-ACK is lower than unicast HARQ-ACK 
	0
	1

	Multicast HARQ-ACK equals to unicast HARQ-ACK
	0
	0

	
	1
	1


Proposal 4: The ‘priority indicator’ field in DCI format can be reused for priority indication of HARQ-ACK for multicast.
2.2.2. Multiplexing/prioritization rule 
For HARQ-ACK multiplexing/prioritization, the design is related to PUCCH configuration and the priority of multicast and unicast HARQ-ACK. The HARQ-ACK multiplexing/prioritization can be naturally supported if shared PUCCH configuration is used, but more spec effort is needed if separate PUCCH configuration is used.
a) shared PUCCH configuration 
In shared PUCCH configuration, when the priority of multicast HARQ-ACK equals to priority of unicast HARQ-ACK, the PUCCH resource used for HARQ-ACK multiplexing is determined based on the last one of unicast DCI and multicast DCI, and a joint codebook of unicast and multicast is constructed. When the priority of multicast HARQ-ACK does not equal to priority of unicast HARQ-ACK, the HARQ-ACK with priority index 0 is dropped.
Table 4. Multiplexing/prioritization rule in shared PUCCH configuration
	PUCCH-Config 
	Priority
	Multiplexing/Prioritization rule 

	
	multicast = unicast 
	Determine PUCCH resource based on the last one of unicast DCI and multicast DCI, construct joint codebook of unicast and multicast.

	
	multicast ≠ unicast 
	Drop HARQ-ACK with priority index 0.


b) separate PUCCH configuration
As summarized in Table 5, if separate PUCCH-Config are configured, the PUCCH configuration of multicast and unicast HARQ-ACK can be divided into four cases based on different slot structures of PUCCH. 
For the same priority, when multicast and unicast HARQ-ACK are configured with separate PUCCH-Config with the same PUCCH structure, e.g. both configured with slot based PUCCH or both configured with sub-slot based PUCCH with same sub-slot structure, the PUCCH resource for HARQ-ACK multiplexing is determined based on the last unicast DCI to 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.
When multicast and unicast HARQ-ACK are configured with separate PUCCH-Config with different PUCCH structures, 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 structure, the multiplexing of multicast and unicast HARQ-ACK is not supported since the sub slot boundaries are not aligned and the spec impact of multiplexing is too complicated. For example, when several sub-slot based PUCCH with 2 symbols*7 structure overlaps with one slot based PUCCH, it is hard to determine which PUCCHs among them perform multiplexing and which is the PUCCH resource after multiplexing.
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.
Table 5. Multiplexing/prioritization rule in separate PUCCH configuration
	Priority
	PUCCH-Config 
(multicast & unicast)
	Support
	Multiplexing/Prioritization rule 

	multicast = unicast 

	slot based PUCCH & slot based PUCCH 
	Y
	Determine PUCCH resource based on last unicast DCI.

	
	slot based PUCCH & sub-slot based PUCCH 
	N
	The spec impact of multiplexing is complicated.

	
	sub-slot based PUCCH & sub-slot based PUCCH (same sub-slot structure)
	Y
	Determine PUCCH resource based on last unicast DCI.

	
	sub-slot based PUCCH & sub-slot based PUCCH (different sub-slot structure) 
	N
	The spec impact of multiplexing is complicated.

	multicast ≠ unicast
	slot based PUCCH & slot based PUCCH 
	Y
	Drop priority index 0, reuse Rel-16 rule.

	
	slot based PUCCH & sub-slot based PUCCH 
	
	

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

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



Proposal 5: 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 6: When the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK is the same, the PUCCH resource for HARQ-ACK multiplexing is determined based on the last unicast DCI.
2.3. UCI multiplexing/prioritization with other UCIs
2.3.1. Priority relationship with other UCIs
Priority relationship between multicast HARQ-ACK and other UCIs is summarized in Table 6. 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 6. Priority relationship with other UCIs
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Proposal 7: 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. 
2.3.2. 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 8: 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.
2.4. Type-1 HARQ-ACK codebook design
2.4.1. Case 1: TDM-ed unicast and multicast PDSCH
For separate PUCCH configuration, K1 lists of different PUCCH-Config of multicast and unicast HARQ-ACK can be different to reduce resource collision between PUCCH for unicast HARQ-ACK and PUCCH for multicast HARQ-ACK. Besides, K1 lists of unicast HARQ-ACK for different UE are different, but K1 list of multicast HARQ-ACK for UEs in a group should be the same, thus it is probably that K1 lists of multicast and unicast HARQ-ACK of the same UE are also different.
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. For a specific slot timing value K1, when it is in the intersection of different K1 lists, the union of the PDSCH TDRA sets is used. When it only appears in one K1 list, the corresponding PDSCH TDRA set instead of the union of the PDSCH TDRA sets is used. This is because the number of candidate PDSCH reception occasions are different when only one TDRA table is used or two TDRA tables are used, which causes the HARQ-ACK bit length of one slot are also different.
As shown in Fig 1, 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. 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.
Fig 1. Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH
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Proposal 9: When constructing Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH, 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 different K1 lists.
2.4.2. Case 2: FDM-ed unicast and multicast PDSCH
When FDM-ed one unicast and one multicast is supported, each slot timing value in the set K1 generates two HARQ-ACK bits. The order of HARQ bits can be unicast first, then multicast. If a UE is receiving more than one multicast services, gNB can always determine which multicast service the second HARQ bit corresponds to according to its scheduling.
Proposal 10: When constructing Type-1 HARQ-ACK codebook for FDM-ed unicast and multicast PDSCH, each slot timing value in the set K1 corresponds to two HARQ-ACK bits. The order of HARQ bits can be unicast first, then multicast.Determine which service HARQ corresponds to
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2.4.3. Case 3: FDM-ed multicast and multicast PDSCH
When FDM-ed one multicast and one multicast is supported, because there is no pre-configured frequency domain SLIV for UE to determine the mapping relationship between received PDSCH and the bit location in HARQ-ACK codebook, new method is needed to design semi-static HARQ-ACK codebook. For example, the HARQ-ACK bit locations in the codebook is ordered by the G-RNTI values. But one thing needs to be noted is that the number of HARQ-ACK bits of one slot should equal to the number of multicast services UE receiving, but not the number of UE capability of simultaneously received FDM-ed PDSCHs in one slot. If the number of HARQ bits corresponding to one PDSCH slot is less than the number of received multicast services, gNB may misunderstand the meaning of HARQ bits when G-RNTI DCI misdetection happens. For example, assuming one UE is receiving 3 multicast services, but UE’s capability only support receiving 2 FDM-ed PDSCHs in one slot. gNB schedules multicast service#1 and #2, but UE miss detects the DCI scheduling multicast service#1. If the HARQ-ACK codebook bit length is 2, should UE report {NACK, ACK} or {ACK, NACK}? One solution is that the HARQ-ACK codebook bit length is 3, UE should report {NACK, ACK, NACK} which will not introduce ambiguity between gNB and UE. That is, the semi-static codebook design for FDM-ed PDSCHs is much more redundant than TDM-ed PDSCHs.
Proposal 11: When constructing Type-1 HARQ-ACK codebook for FDM-ed multicast and multicast PDSCH, the number of HARQ bits corresponding to each slot timing value should be the same as the number of multicast services that the UE is receiving.
2.5. Type-2 HARQ-ACK codebook design
Since multicast is only permitted to transmit on Pcell and the DAI of multicast is counted separately from unicast, the total DAI in DCI field is not necessary for multicast. The concatenation order of Type-2 HARQ-ACK codebook for unicast and multicast can be unicast first, and then in ascending order of G-RNTI values for different multicast services.
Proposal 12: DCI format of multicast does not include total DAI.
Proposal 13: The concatenation order of Type-2 HARQ-ACK codebook for unicast and multicast can be  unicast first, and then in ascending order of G-RNTI values for different multicast services.
3. NACK-only based HARQ-ACK feedback
In this section, we will analyze the use case, PUCCH resource configuration, UCI multiplexing/prioritization and HARQ-ACK codebook design of NACK-only based HARQ-ACK feedback.
3.1. Use case
For NACK-only based HARQ-ACK feedback, UEs in the same group only report NACK for multicast PDSCH on the same PUCCH resource with the same sequence. In this HARQ-ACK feedback mechanism, gNB can use energy detection to detect whether there are UEs did not receiving the multicast PDSCH correctly. The gNB receiver implementation is simple since even V2X UEs can receive NACK-only based HARQ-ACK feedback. 
NACK-only based HARQ-ACK feedback mechanism is more suitable for the case with a large amount of UEs in a group and avoids huge PUCCH overhead. 
Proposal 14: NACK-only based HARQ-ACK feedback can be supported, especially for the case with a large amount of UEs in a multicast group.
1. 
2. 
3.2. PUCCH resource configuration and codebook design
For NACK-only based HARQ-ACK feedback, the PUCCH can be shared among UEs in one multicast group. The capacity extension of NACKs is a valid issue for NACK-only based HARQ-ACK feedback, especially in DL-heavy TDD scenario. For example, in DDDDDDDSUU scenario, HARQ-ACK for 7 PDSCHs or even more  needs to be transmitted in 2 UL slots. If one NACK-only PUCCH corresponds to one PDSCH, that is the NACK information for different PDSCHs are carried in different PUCCHs, considering UE only support transmit two PUCCHs in one slot, the NACK information can not be transmitted in 2 UL slots which causes delay of NACK-only feedback. 
To deal with this problem, Type-1 HARQ-ACK codebook can be constructed to NACK-only based HARQ-ACK feedback, but the PUCCHs are stilled shared among UEs. As illustrated in Table 7, the association between HARQ-ACK codebook value and cyclic shifts is defined, with the assumption of 3-bit HARQ-ACK codebook for multicast PDSCH. On a specific PUCCH resource, different cyclic shifts correspond to different HARQ-ACK values. With this method, the PUCCH overhead is reduced due to the PUCCHs are still shared among UEs, but the complexity of blind decoding at gNB increases since gNB tends to decode multiple cyclic shifts on a specific PUCCH resource. Another solution is as illustrated in Table 8, the association between HARQ-ACK codebook value and PUCCH resources index is defined. A UE feedbacks different HARQ-ACK values on different PUCCH resources. With this method, the complexity of blind decoding at gNB is low. To accommodate more HARQ-ACK values in Type-1 HARQ-ACK codebook, the association between HARQ-ACK codebook value and combinations of cyclic shifts and PUCCH resources index can be defined. For example, HARQ-ACK values {1,1,1,1,0} is transmitted on PUCCH resources index 0 with , {0,1,1,1,0} is transmitted on PUCCH resources index 1 with . For PUCCH format 1, the association between HARQ-ACK codebook value and combinations of cyclic shifts, PUCCH resources index and OCC can be defined.
Table 7. Association between HARQ-ACK codebook value and cyclic shift
	HARQ-ACK Value
	{1,1,0}
	{1,0,1}
	{0,1,1}
	{1,0,0}
	{0,1,0}
	{0,0,1}
	{0,0,0}

	Sequence cyclic shift 
	0
	2
	4
	6
	8
	10
	11


Table 8. 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: For NACK-only based HARQ-ACK feedback, Type-1 HARQ-ACK codebook can be constructed by defining the association between HARQ-ACK codebook value and combinations of cyclic shifts/PUCCH resources index/OCC.
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.
Proposal 18: For Option 2, RRC can indicate enabling/disabling per UE. For Option 3, RRC can configure enabling/disabling HARQ-ACK feedback function per service, DCI can indicate enabling/disabling of HARQ-ACK feedback per group.
1. 
1. Conclusion
In this contribution, we make discussions on the reliability improvement of RRC_CONNECTED UEs, and have the following observations and proposals.
Proposal 1: With slot based PUCCH-Config, transmitting two slot based PUCCH for HARQ-ACK in a slot is not supported for multicast.
Proposal 2: Sub-slot based PUCCH-Config can be supported for HARQ-ACK feedback for multicast . 
Proposal 3: For separate PUCCH configuration case, two PUCCH-Config can be configured for multicast HARQ-ACK, one for priority index 0, one for priority index 1.
Proposal 4: The ‘priority indicator’ field in DCI format can be reused for priority indication of HARQ-ACK for multicast.
Proposal 5: With separate PUCCH configuration, 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 6: When the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK is the same, the PUCCH resource for HARQ-ACK multiplexing is determined based on the last unicast DCI to reduce PUCCH overhead of multicast HARQ-ACK.
Proposal 7: 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 8: 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 9: When constructing Type-1 HARQ-ACK codebook for TDM-ed unicast and multicast PDSCH, the union of the PDSCH TDRA sets is used to determine PDSCH candidate occasion only when a specific slot timing value is in the intersection of different K1 lists.
Proposal 10: When constructing Type-1 HARQ-ACK codebook for FDM-ed unicast and multicast PDSCH, each slot timing value in the set K1 corresponds to two HARQ-ACK bits. The order of HARQ bits is unicast first, then multicast.Determine which service HARQ corresponds to
Proposal 11: When constructing Type-1 HARQ-ACK codebook for FDM-ed multicast and multicast PDSCH, the number of HARQ bits corresponding to each slot timing value should be the same as the number of multicast services that the UE is receiving.
Proposal 12: DCI format of multicast does not include total DAI.
Proposal 13: The concatenation order of Type-2 HARQ-ACK codebook for unicast and multicast is unicast first, and then in ascending order of RNTI values for different multicast services.
Proposal 14: NACK-only based HARQ-ACK feedback can be supported, especially for the case with a large amount of UEs in a multicast group.
Proposal 15: For NACK-only based HARQ-ACK feedback, Type-1 HARQ-ACK codebook can be constructed by defining the association between HARQ-ACK codebook value and combinations of cyclic shifts/PUCCH resources index/OCC.
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.
Proposal 18: For Option 2, RRC can indicate enabling/disabling per UE. For Option 3, RRC can configure enabling/disabling HARQ-ACK feedback function per service, DCI can indicate enabling/disabling of HARQ-ACK feedback per group.
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