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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The issues discussed in the last meeting for improving reliability for RRC_CONNECTED UEs receiving multicast includes the HARQ-ACK option, priorities of HARQ-ACK feedback for multicast, the codebook construction for both Type-1 and Type-2 HARQ-ACK codebook, and enabling/disabling the HARQ-ACK feedback, etc. The agreements for such issues achieved in the last meeting are as follows [1]:
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· 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 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:
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. 
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. 
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]FFS details on   the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 
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. 
[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.

This paper will continue discussing the details related to such issues. 
[bookmark: _Ref129681832]Priority for HARQ-ACK feedback for multicast
Priority is introduced since Rel-16 by URLLC WI for, e.g., determining the HARQ codebook when UE supports both eMBB and URLLC services, and the priority index is included in the scheduling DCI and the index is 0 by default if not included in the DCI with indexes 0 and 1 representing low and high priority, respectively [2]. Similarly, when UE supports both unicast and multicast for which UE determines the HARQ-ACK codebook, the priority for multicast needs to be known as well. 
For multicast itself, it can be applied to diverse use cases, including V2X, public safety, live video, etc., with different requirements for latency and reliability as shown in Table 1. Therefore, different priorities are necessarily introduced because one priority for multicast is not adaptive to such diverse services, which is similar to differentiate URLLC and eMBB in Rel-16, and high and low priorities may be sufficient in this release for multicast for simplicity. 
[bookmark: _Ref67324480]Table 1: Requirements for different multicast use cases
	MBS use cases
	Latency
	Reliability

	V2X
	5-100ms
	90% to 99.9999%

	Living Video
	150ms
	99.9%

	IOT Software update
	Latency Tolerant
	Higher reliability is beneficial

	Industry applications
	0.5ms
	99.9999%



Proposal 1: Low and high priority with index 0 and index 1 respectively for multicast is introduced. 
When UE supports both low and high priority multicast services, or supports unicast and multicast with different priorities, it makes important sense to indicate the priority index in the DCI format 1_1/1_2 (if supported) scheduling multicast, due to the dynamic scheduling of the downlink transmission and the HARQ-ACK feedback in physical layer. 
Proposal 2: At least for DCI format 1_1/1_2, priority index is included in the DCI scheduling multicast. 
It was agreed in the last meeting that the priority for multicast can be lower, higher than or equal to that for unicast and FFS on the total number of priorities across multicast and unicast. Technically, the priority comparison between priority index 0 for multicast and index 0 for unicast could have different meanings for different UEs, because unicast priority index 0 could mean different requirements depending on the services in use by the UE. 
As an example shown in Table 2, unicast priority index 0 represents 10 ms latency and 99.9% reliability for UE, but 150 ms latency and 99.9% reliability for UE2, respectively. Although the multicast services have the same requirements for both UE1 and UE2, when comparing the priority with unicast, high priority multicast is of the same priority as low priority unicast for UE1, and of lower priority than high priority unicast for UE2, respectively. In such a case, it may not make sense for UE1 to report the HARQ-ACK feedback for high priority multicast but dropping the feedback for low priority unicast. 

[bookmark: _Ref67326672]Table 2: Priority comparison for unicast and multicast with the same priority index
	
	UE1
	UE2

	Multicast p_index 0
	Video, 150ms, 99.9%

	Multicast p_index 1 
	V2X, 10ms, 99%

	Unicast p_index 0
	10ms, 99.9%
	150ms, 99.9%

	Unicast p_index 1
	1ms, 99.999%
	1ms, 99.999%

	Priority comparison
	Multicast p_index 0 < unicast p_index 0/1
Multicast p_index 1=unicast p_index 0
	Multicast p_index 0 = unicast p_index 0
Multicast p_index 1>unicast p_index 0
Multicast p_index 1<unicast p_index 1



With this example taken into account for designing HARQ-ACK codebook construction, although the priority index could be only 0 or 1 for multicast, the total number of priorities across multicast and unicast could be up to network to configure. 
Proposal 3: The priority across unicast and multicast is up to network configuration.
· The comparison of the priority index of unicast and multicast is configured per UE.

[bookmark: _Ref67417906]HARQ-ACK codebook construction 
UE supporting both eMBB an URLLC can be configured to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-ACK codebook is associated with a PUCCH of priority index 0. If the UE is indicated to generate two HARQ-ACK codebooks, a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1 [2]. Especially, UE is independently provided with two PUCCH-config for use with the first and second HARQ-ACK codebooks, respectively. 
It has been agreed that UE can be optionally configured with a separate PUCCH-Config for multicast for feedback flexibility. When UE is configured with a separate PUCCH-Config for multicast, it is naturally used for the HARQ-ACK codebook for multicast and the separate HARQ-ACK codebook for unicast will use the PUCCH-Config for unicast. Otherwise, multiplexing/prioritizing the HARQ-ACK feedback between unicast and multicast will be executed to determine the PUCCH resources for the feedback as illustrated in Fig. 1. 
When UE is configured with PUCCH-Config for multicast, one or two sub-configurations can be configured to generate one or two HARQ-ACK codebooks for multicast, similar to what is specified for URLLC, with a first HARQ-ACK codebook associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook associated with a PUCCH of priority index 1.
[image: ]
[bookmark: _Ref67335171]Fig. 1: HARQ-ACK codebook for UE supports multicast

Proposal 4: A separate HARQ-ACK codebook may be generated depending on whether PUCCH-Config for multicast is configured:
· When it is configured, UE generates a separate HARQ-ACK codebook using PUCCH-Config for multicast. 
· When it is NOT configured, multiplexing/prioritizing the HARQ-ACK feedback between unicast and multicast will be executed to determine the PUCCH resources. 
Proposal 5: PUCCH-Config for multicast can be configured with one or two sub-configurations. 
· When two sub-configurations are configured, they are associated with PUCCH of priority index 0 and 1, respectively. 

Type-1 HARQ-ACK codebook for multicast
It was agreed in the last meeting that 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. Intra-UE UCI of different priorities multiplexing is still under Rel-17 URLLC discussion, so the parallel discussion for multicast should be based on Rel-15/16, i.e., multiplexing UCI of the same priority. 
Since Rel-15 does not support FDMed PDSCH in the same slot, how Type-1 codebook is constructed for UE supporting FDMed unicast and multicast needs to be discussed. Rel-16 introduced Type-1 codebook for mTRP, in which UE is configured with mTRP with joint HARQ-ACK feedback including the case of FDMed PDSCHs from two TRPs. In such a case, the Type-1 codebook is constructed by concatenating the codebook for TRP0 followed by the codebook for TRP1 as shown in Fig. 2(a). Similarly, when RRC configures that PDSCHs of unicast and multicast can be scheduled in a FDM manner, the Type-1 codebook can be constructed by concatenating the codebook for unicast followed by the codebook for multicast as shown in Fig. 2(b).
[image: ]
[bookmark: _Ref67337695]Fig. 2: Type-1 HARQ-ACK codebook construction
 Proposal 6: When RRC configures that PDSCHs of unicast and multicast can be scheduled as FDMed, Type-1 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 
Note that this proposal can naturally be applied to the case of FDMed unicast and multicast, if this case is supported. 

Type-2 HARQ-ACK codebook for multicast
It was agreed in the last meeting that the DAI for unicast and DAI for multicast are separately counted and concatenation of Type-2 HARQ-ACK codebooks for unicast and multicast is supported and FFS details. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]As discussed in section 2.2, when UE is not configured with separate PUCCH-Config for multicast, multiplexing/prioritizing the HARQ-ACK feedback between unicast and multicast will be executed to determine the PUCCH resources. For the case of multiplexing the HARQ-ACK feedback for unicast and for multicast, Type-2 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 
Proposal 7: For UE multiplexing the HARQ-ACK feedback for unicast and for multicast, Type-2 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 

HARQ-ACK feedback for multicast SPS
It has been agreed to support multiple SPS configurations for multicast for which HARQ-ACK feedback was also agreed to be supported. The details regarding multicast SPS scheduling would be taken in AI 8.12.1. The common understanding is the total number of SPS configurations supported by the UE would not be exceeded irrespective of unicast or multicast SPS, although this is not agreed yet. 
With this understanding, the current specification for Type-1 or Type-2 HARQ-ACK codebook generation can naturally include the cases of multicast SPS without additional spec impact. 

Enabling/disabling HARQ feedback 
Regarding the mechanism of enabling/disabling the HARQ feedback, the expectation from the discussion in the last meeting was that the functionality could be per UE, and there is a general preference for indication via physical layer signaling. Since the DCI to indicate the enabling/disabling function is group-common DCI which aims to be received by a group of UEs, companies have different understanding whether this group-common DCI indicating the enabling/disabling function can be per UE. 
Whether it can be implemented per UE may depend on how the DCI indicates the enabling/disabling function. For example, UEs will be configured independently with a set of K1 values and a set of PUCCH resources. K1 or PRI included in the group-common DCI should navigate UEs into orthogonal PUCCH resources for ACK/NACK based HARQ-ACK feedback, which could also be similarly used for indicating UE independently enabling or disabling the feedback. In this sense, additionally supporting RRC indicating does not seem necessary. 
Proposal 8: Support group-common DCI indicating enabling/disabling HARQ-ACK feedback. 

Multiplexing/prioritizing rules
It is agreed in the last meeting to support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot when UE reports HARQ-ACK for both multicast and unicast at a given time. Some issues were discussed in the last meeting without conclusion, including whether to consider the case of UE capable of transmitting two non-overlapping PUCCHs within a slot, and whether to consider the case of UE capable of supporting sub-slot based PUCCH. 
UEs support of mTRP configured with separate HARQ-ACK feedback in Rel-16 can transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot. From specification effort perspective, as long as UEs is capable of transmitting two non-overlapping PUCCHs within a slot, there is no additional specification impact to support it. 
Also, for UE capable of supporting sub-slot based PUCCH for unicast URLLC services and also supporting multicast, it is not necessarily restricted to be configured with slot-based PUCCH only for multicast. There is no additional specification impact to support sub-slot based PUCCH for multicast 
Proposal 9: For UE supporting multicast, subject to UE capability, UE supports:
· Transmitting up to two PUCCHs with HARQ-ACK information in different symbols within a slot. 
· Sub-slot based PUCCH for HARQ-ACK feedback. 
For UE supporting sub-slot based PUCCH for HARQ-ACK feedback, the current agreement regarding multiplexing/prioritization rules can be extended to support the case of sub-slot based PUCCH. 
Proposal 10: For the cases of HARQ-ACK 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 when the corresponding PUCCH resources overlap in time in a sub-slot. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, priorities of HARQ-ACK feedback for multicast, the codebook construction for both Type-1 and Type-2 HARQ-ACK codebook, enabling/disabling the HARQ-ACK feedback, and multiplexing/prioritizing rules are further discussed following the agreements achieved in the last meeting. The discussion in this paper leads to the following proposals:
Proposal 1: Low and high priority with index 0 and index 1 respectively for multicast is introduced. 
Proposal 2: At least for DCI format 1_1/1_2, priority index is included in the DCI scheduling multicast. 
Proposal 3: The priority across unicast and multicast is up to network configuration.
· The comparison of the priority index of unicast and multicast is configured per UE.
Proposal 4: A separate HARQ-ACK codebook may be generated depending on whether PUCCH-Config for multicast is configured:
· When it is configured, UE generates a separate HARQ-ACK codebook using PUCCH-Config for multicast. 
· When it is NOT configured, multiplexing/prioritizing the HARQ-ACK feedback between unicast and multicast will be executed to determine the PUCCH resources. 
Proposal 5: PUCCH-Config for multicast can be configured with one or two sub-configurations. 
· When two sub-configurations are configured, they are associated with PUCCH of priority index 0 and 1, respectively. 
Proposal 6: When RRC configures that PDSCHs of unicast and multicast can be scheduled as FDMed, Type-1 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 
Proposal 7: For UE multiplexing the HARQ-ACK feedback for unicast and for multicast, Type-2 HARQ-ACK codebook is constructed by concatenating the codebook for unicast followed by the codebook for multicast. 
Proposal 8: Support group-common DCI indicating enabling/disabling HARQ-ACK feedback. 
Proposal 9: For UE supporting multicast, subject to UE capability, UE supports:
· Transmitting up to two PUCCHs with HARQ-ACK information in different symbols within a slot. 
· Sub-slot based PUCCH for HARQ-ACK feedback. 
Proposal 10: For the cases of HARQ-ACK 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 when the corresponding PUCCH resources overlap in time in a sub-slot. 
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