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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., whether to support common NACK only feedback mechanism for multicast reliability, 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  MBS HARQ feedback option
In last meeting, we had a long discussion about the HARQ feedback option and agreed ACK/NACK based HARQ ACK is supported for multicast services, but the common NACK only was still FFS, the detailed agreements are copied as following:
	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.


As discussed in last RAN1#104 e-meeting, the NACk-only based HARQ feedback can reduce the PUCCH resource to some extent because all the UEs (no matter how many UEs) in one MBS group only use one common PUCCH resource. What’s more, if only one UE feedback NACK to the transmitter, the gNB also will retransmit MBS PDSCH to all UEs, which is not desirable for the MBS group. Besides, if some UEs’ NACKed feedback are missed due to bad feedback channel state, it doesn’t matter, other UE’s NACK feedback also can ensure these UE can obtain retransmission. Thus, NACK-only based HARQ-ACK feedback can be used for multicast service. However, one company has strong concern about the NACK only feedback mechanism, e.g., “For NACK-only, there is no functional receiver design. It brings up one implementation issue regarding the threshold uncertainty for gNB detecting the NACK-only, so that it is worried that the practical receiver design that can provide reliable detection for NACK-only HARQ-ACK feedback does not exist”. From our understanding, the NACK-only feedback has been supported for Rel-16 NR V2X, and the gNB have stronger processing capability than UE to detect the superimposed signal. Thus, it will not be a bottleneck for gNB functional receiver design. 
[bookmark: _Ref61292209]Proposal 1: support NACK-only based HARQ-ACK feedback mode for Rel-17 NR multicast service.
For NACK-only based HARQ-ACK feedback, we had agreed that only failed UE feedback NACK from per UE’s perspective. However, from UEs within the same group, how to configure PUCCH resource is still FFS, e.g., shared or separated PUCCH resources for each UE. As discussed above, the purpose of introducing NACK-only based HARQ feedback is to reduce the PUCCH overhead, especially for many UEs in one MBS group. Thus, we prefer the PUCCH resource configuration is shared for the UEs within in one MBS group.
[bookmark: _Ref61292210]Proposal 2: From UEs within the group perspective, the PUCCH resource configuration is shared for NACK-only based HARQ-ACK feedback.
2.2  Configure/select of HARQ feedback mode
As discussed 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 3: 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.
2.3  Enable/disable HARQ-ACK feedback
Regarding enable/disable HARQ-ACK feedback mode, an agreement was achieved in previous 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 4: 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, it 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 5: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
2.4  Retransmission combination with HARQ operation
Regarding the retransmission scheme, an agreement in AI 8.12.1 was 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 6: PTM scheme 1 or PTP retransmission is supported for ACK/NACK based HARQ feedback mechanism.
[bookmark: _Ref68526069]Proposal 7: PTM scheme 1 retransmission is supported for NACK-only based HARQ feedback mechanism.
2.5  HARQ process operation for multicast services
As we know that if the UE want to combine the initial transmission data and retransmission data saved in HARQ buffer, it need to know the association between initial transmission and retransmission. In legacy unicast, the initial transmission and retransmission data will be saved in the same HARQ process identity buffer, and the new data indicator field within DCI will differentiate the new transmission and retransmission. 
In Rel-15/Rel-16 NR unicast, up to 16 HARQ process numbers can be configured per UE. However, a crucial issue how to allocate or configure the HARQ process for UE receiving MBS service has not been agreed in last RAN1 e-meeting. There are two straightforward solutions to resolve this issue. Solution 1 is the HARQ process number used for UE receiving MBS can be the subset and separate within unicast HARQ process. In addition, solution 2 is that introducing the specific HARQ process for UE receiving MBS service except for unicast 16 HARQ process. However, increasing the HARQ process number will require higher UE buffer capability. Considering the UE implementation complexity, we suggest maintain the maximum HARQ process number as defined in Rel-15/Rel-16 NR unicast.
[bookmark: _Ref61292216]Proposal 8: The total HARQ process number (e.g., 16) is unchanged for UE receiving unicast and multicast service.
In general, the HARQ entity of the MAC entity at gNB can assign a specific HARQ process for the transmission of a particular Transport Block (TB) of MBS data. The HARQ process generates HARQ initial transmission and/or retransmission in PTM mode to multiple UEs and the PTM based HARQ transmission is carried by multicast PDSCH (i.e. PTM PDSCH). The PTM PDSCH is scrambled by a specific RNTI e.g. G-RNTI. 
In addition, a UE specific HARQ process can generate needed HARQ retransmission for the TB in PTP mode to a specific UE. The PTP based HARQ retransmission is carried by legacy unicast PDSCH and the unicast PDSCH is scrambled by a UE specific C-RNTI. 
[bookmark: _Ref61195435]Proposal 9: Independent HARQ process is allocated at gNB to PTM and PTP for downlink multicast transmission.
From network perspective, the PTP HARQ process may transmit a different RV version of the TB following the initial PTM transmission and/or PTM retransmission, and then the UE needs to combine different RV versions for the same TB received from PTM HARQ process and PTP HARQ process. However, traditionally, the HARQ combining is performed per HARQ process at the UE side. This means legacy HARQ reception processing principle will be broken if the UE establish two independent HARQ processes to receive the PTM HARQ process and PTP process.        
In reality, the UE can initiate a combined HARQ process within the HARQ entity for the reception of corresponding TB. A single/combined HARQ process at UE can correspond the two independent HARQ processes at gNB (PTM and PTP). In this manner, the UE can perform the HARQ combining based on different RV versions for the same TB received from PTM HARQ process and PTP HARQ process following legacy HARQ reception processing principle, which is preferred.
[bookmark: _Ref61195437][bookmark: OLE_LINK2]Proposal 10: A combined HARQ process is allocated at UE to receive the data from both PTM and PTP HARQ process.
As agreed in AI 8.12.1 in last previous RAN1#104 e-meeting, the HARQ process ID and NDI can be used to associate the PTM scheme 1 and PTP retransmission, but the detailed processing is not defined. E.g., how to define/configure the HARQ process number for MBS, whether to establish a PTP and PTM scheme 1 HARQ process ID mapping table to associate these two transmission. There are two straightforward solutions for allocating the MBS HARQ process. Solution 1 is the HARQ process number used for UE receiving MBS can be the subset and separate within unicast HARQ process. Solution 2 is that introducing the specific HARQ process for UE receiving MBS service except for unicast 16 HARQ process. However, increasing the HARQ process number will require higher UE buffer capability. Considering the UE implementation complexity, we suggest maintain the maximum HARQ process number as defined in Rel-15/Rel-16 NR unicast, e.g., up to 16 HARQ process and network can flexible decide to allocate the maximum HARQ process for MBS based on the services requirement.
[bookmark: _Ref68163219]Proposal 11: The total HARQ process number defined in Rel-15/16 (e.g., 16) is unchanged for UE receiving unicast and multicast service. 
[bookmark: _Ref68163440]Proposal 12: The maximum HARQ process used for MBS is up to network implementation.
When PTP is used for MBS retransmission, it needs to differentiate that this PTP retransmission corresponds to legacy PTP (e.g., unicast) initial transmission or MBS PTM initial transmission. Since we have agreed that the HARQ process ID indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB, it also can use the HARQ process ID to differentiate the PTP retransmission corresponding which initial transmission scheme. we suggest the HARQ process ID indicated in DCI is kept the same value for PTM scheme 1 initial transmission and corresponding PTP retransmission, which not only can be used to differentiate the PTP retransmission corresponding to PTP initial transmission or PTM scheme1 retransmission, but also give the specific association between PTM scheme 1 initial transmission and PTP retransmission.
[bookmark: _Ref68163223]Proposal 13: The HARQ process ID indicated in DCI for PTP retransmission is kept the same value with corresponding PTM scheme 1 initial transmission.
3. Conclusion 
In this contribution, it further discusses the NR MBS HARQ reliable issues for RRC_CONNECTED UEs with following proposals:
Proposal 1: support NACK-only based HARQ-ACK feedback mode for Rel-17 NR multicast service.
Proposal 2: From UEs within the group perspective, the PUCCH resource configuration is shared for NACK-only based HARQ-ACK feedback.
Proposal 3: 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 4: RRC signalling configures the enabling/disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback is supported for multicast services.
Proposal 5: Disabling the feedback is as the default mode if the RRC signalling doesn’t configure the HARQ feedback function.
Proposal 6: PTM scheme 1 or PTP retransmission is supported for ACK/NACK based HARQ feedback mechanism.
Proposal 7: PTM scheme 1 retransmission is supported for NACK-only based HARQ feedback mechanism.
Proposal 8: The total HARQ process number (e.g., 16) is unchanged for UE receiving unicast and multicast service.
Proposal 9: Independent HARQ process is allocated at gNB to PTM and PTP for downlink multicast transmission.
Proposal 10: A combined HARQ process is allocated at UE to receive the data from both PTM and PTP HARQ process.
Proposal 11: The total HARQ process number defined in Rel-15/16 (e.g., 16) is unchanged for UE receiving unicast and multicast service.
Proposal 12: The maximum HARQ process used for MBS is up to network implementation.
Proposal 13: The HARQ process ID indicated in DCI for PTP retransmission is kept the same value with corresponding PTM scheme 1 initial transmission.
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