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1. Introduction
In last previous e-meeting [1], we discussed some high priority issues about NR MBS reliable transmission mechanism and reached some agreements. However, there are still some open issues that need to be further discussed, e.g., the priority comparison between multicast and unicast, how to enable/disable HARQ feedback indicator, etc. In this contribution, we will further discuss the detailed design about the mechanism to improve reliability for RRC_CONNECTED UEs.
2. Discussion
2.1  Configure/select of HARQ feedback mode
The ACK/NACK and NACK-only based HARQ-ACK feedback mode for multicast were agreed in RAN1#104-e, RAN1#104bis-e meeting respectively [1][2].
	Agreement in RAN1#104-e meeting [2]: 
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 in RAN1#104bis-e meeting [1]: 
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 


As agreed above, both ACK/NACK and NACK-only based HARQ feedback mode are supported for Rel-17 NR multicast service. It will incur one critical question as discussed in last RAN1 e-meeting, if both are supported, how to configure or select of ACK/NACK-based and NACK-only based HARQ-ACK feedback? Some companies may think NACK-only based HARQ feedback mode can be used for multiple UEs in one MBS group, which can reduce the PUCCH overhead, and ACK/NACK based HARQ feedback can be used for small UEs in one MBS group. However, there is no criteria to measure how many UEs can be regarded as a “multiple UEs” MBS group and how little UEs can be regarded as a “little UEs” MBS group. Maybe we can set a criteria to measure the UE number, e.g., when UE number more than available PUCCH resource for multicast service, it can regard this MBS group as “multiple UEs” type and use NACK-only based HARQ feedback mode. However, we think it is too restrictive to network scheduling, especially for some UEs newly join or leave the MBS group, gNB need to reschedule the HARQ feedback mechanism. We suggest network can flexibly schedule the HARQ feedback mode based on real transmission condition. The concrete HARQ feedback mode can be indicated dynamically by DCI field, e.g, add a new field “HARQ feedback option” within group common DCI.
[bookmark: _Ref61292212]Proposal 1: Network can flexibly choose the HARQ-ACK mode and the HARQ feedback mode can be indicated dynamically by DCI field, e.g., “HARQ feedback option” field.
2.2  Enable/disable HARQ-ACK feedback
Regarding enable/disable HARQ-ACK feedback mode, an agreement was achieved in RAN1#104-e meeting as followings:
	Agreement: 
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.


The controversial point about Option 3 is whether dynamic enable/disable is supported. Some proponents of Option 2 argue that the motivation of DCI level dynamicity is unclear. From our understanding, the enable/disable dynamically is needed in some cases, e.g., repetition parameter is configured for MBS, which is no need to feed back the HARQ ACK information in each repetition slot. As discussed in last meeting, we had achieved a consensus for supporting PDSCH repetition as following:
	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.


Assuming UE is configured four slots repetition with repetitionNumber or pdsch-AggregationFactor. In slot #1, slot#2 and slot#3 for the initial transmission and repetition retransmission, the HARQ ACK feedback indicator within DCI is disabled and in last repetition slot#4, the HARQ ACK indicator is enabled and UE will report HARQ ACK after K slot. Therefore, we suggest DCI level dynamicity is supported for HARQ enable/disable and one filed “HARQ ACK enabling/disabling indicator” with 1 bit is introduced within DCI content.
[bookmark: _Ref68526065]Proposal 2: RRC signalling configures the enabling/disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback is supported for multicast services.
As agreed that if RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback. In this scenario, whether enabling or disabling the feedback as the default mode is FFS. From our understanding, HARQ ACK is an enhancement for NR MBS, and no HARQ feedback in LTE SC-PTM. Thus, if the RRC signaling doesn’t configure the function, disabling the HARQ feedback can be regarded as a default mode. If the MBS services needs the high reliability quality, the RRC signaling can enable the HARQ ACK feedback mechanism.
[bookmark: _Ref68526066]Proposal 3: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
2.3 [bookmark: OLE_LINK1][bookmark: OLE_LINK5] MBS priority 
Considering different multicast services have different services requirement, two priority indexes of multicast services were agreed as copied following in last RAN1#104bis-e meeting.
	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. 



In legacy unicast, the priority index can be indicated by corresponding DCI format, e.g., priority indicator field in DCI format 1_1 or 1_2 can be configured to indicate the corresponding services priority. If the field not is not configured, the default priority is low priority with index 0. Regarding the DCI format supported for multicast services, at least two DCI format (fallback DCI and non-fallback DCI) was agreed in last RAN1 meeting. 
	Agreement: 
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 


In our companion’s contribution [3], we suggest both DCI format 1_1 and DCI format 1_2 can be as a baseline for UE supporting multicast services. Therefore, the priority index for R17 MBS can reuse the unicast mechanism, e.g., priority indicator field in DCI format 1_1 and 1_2 can be used to indicate the multicast priority if corresponding DCI formats scheduling the group-common PDSCH.
[bookmark: _Ref71486922]Proposal 4: The priority indicator field in DCI format 1_1 and 1_2 if supported for scheduling group common PDSCH can be reused to indicate multicast services priority.
The priority index has the similar meaning with that of unicast if only consider multicast services itself. E.g., index 0 meaning low priority and index 1 meaning high priority. However, UE capable of multicast services can simultaneously receive unicast and multicast. If both services are received con-current, the priority comparison between the unicast and multicast services are still controversial, especially when the priority indicator field of unicast and multicast are the same value. Actually, the high-level priority comparison between unicast and multicast had been agreed in RAN1#104-e meeting [2].
	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. 


It can be seen that the priority for UE receiving multicast can be lower, higher than or equal to the HARQ-ACK feedback for multicast. So, if the configured priority indicator field is the same value for unicast and multicast, it means that both of them have the same priority.
[bookmark: _Ref71486926]Proposal 5: Unicast and multicast services have the same priority if the configured priority indicator field is the same value.

2.4  HARQ-ACK codebook construction for NR MBS  
During the last several meetings, the following agreements about the HARQ-ACK codebook construction were reached.
	Agreement in RAN1#104-e meeting [2]: 
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 in RAN1#104bis-e meeting [1]: 
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. 


It can be seen that both Type-1 HARQ codebook and Type-2 HARQ codebook are supported for NR multicast HARQ codebook construction. However, there are still some open issues need to be resolved. The FDM-ed reception mechanism between unicast and multicast is supported for Rel-17 UE supporting multicast services based on UE capability. However, the current Type-1 HARQ codebook does not support multiple FDM-ed unicast PDSCH HARQ codebook construction in the same slot. Referring the Rel-16 m-TRP HARQ codebook construction, the Type-1 codebook can be constructed by concatenating the unicast HARQ codebook before the unicast HARQ codebook when UE simultaneously receive the unicast and multicast in the FDM-ed mechanism.
[bookmark: _Ref71486929]Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, the HARQ-ACK bit for multicast can be constructed after that of unicast.

2.5  Retransmission combination with HARQ operation
Regarding the retransmission scheme, some agreements in AI 8.12.1 were achieved as following in pervious RAN1 e-meeting:
	Agreements: 
For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
Agreements: 
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.


According to the agreements, it can be seen that PTM scheme 1 can be used for initial MBS transmission and PTM schem1 or PTP can be configured for MBS retransmission. However, which retransmission scheme will be supported for a specific HARQ-ACK feedback option is still pending in previous meeting. 
For ACK/NACK based HARQ feedback mode, each UE within one MBS group is allocated orthogonal PUCCH resource and gNB can differentiate which UE feed back ACK or NACK. Thus, the gNB can flexible choose PTM scheme 1 or PTP for retransmission based on the feedback status. E.g., if many UE report NACK to gNB, the PTM scheme 1 is a recommended way for retransmission. If only little UE feed back NACK to gNB, it can use PTP for retransmission using a narrower beam toward the UE and offer higher robustness.
For NACK-only based HARQ feedback mode, all UEs within one MBS group will use the same PUCCH resource for HARQ feedback, and gNB cannot differentiate which UE feedback NACK. Thus, PTP retransmission targeting for specific UE is not supported and only PTM scheme 1 can be scheduled for retransmission.
[bookmark: _Ref68526068]Proposal 7: PTM scheme 1 or PTP retransmission is supported for ACK/NACK based HARQ feedback mechanism.
[bookmark: _Ref68526069][bookmark: _Ref68163223][bookmark: OLE_LINK2]Proposal 8: PTM scheme 1 retransmission is supported for NACK-only based HARQ feedback mechanism.
3. Conclusion 
In this contribution, it further discusses the NR MBS HARQ reliable issues for RRC_CONNECTED UEs with following proposals:
Proposal 1: Network can flexibly choose the HARQ-ACK mode and the HARQ feedback mode can be indicated dynamically by DCI field, e.g., “HARQ feedback option” field.
Proposal 2: RRC signalling configures the enabling/disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback is supported for multicast services.
Proposal 3: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
Proposal 4: The priority indicator field in DCI format 1_1 and 1_2 if supported for scheduling group common PDSCH can be reused to indicate multicast services priority.
Proposal 5: Unicast and multicast services have the same priority if the configured priority indicator field is the same value.
Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, the HARQ-ACK bit for multicast can be constructed after that of unicast.
Proposal 7: PTM scheme 1 or PTP retransmission is supported for ACK/NACK based HARQ feedback mechanism.
Proposal 8: PTM scheme 1 retransmission is supported for NACK-only based HARQ feedback mechanism.
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