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Introduction
In RAN1#103-e meeting, how to improve reliability of RRC-Connected UE in MBMS was discussed and the following agreements were achieved [1]:
Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 

Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration

Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format

Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling

Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition

Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission

Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration


Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
        FFS details of HARQ-ACK codebook design. 
         FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not.

In this contribution, we continue discussing the mechanism to improve reliability of Broadcast/Multicast service for RRC-CONNECTED UEs. 
Discussion
1.1 ACK/NACK feedback and NACK only feedback mechanism
Both ACK/NACK feedback and NACK only feedback mechanism were discussed last meeting. Either of them has benefit. For example, for ACK/NACK feedback, if separate PUCCH resources are configured per UE within the group, the gNB can differentiate whether/which UE has received the multicast service correctly. If not, gNB can re-transmit to that UE with adaptive MCS to promise the UE can receive correctly. NACK only feedback mechanism is more suitable for the multicast with large number of UEs within the group. All UEs within the group can share the same PUCCH resource for NACK reporting. gNB can determine whether there is a UE that did not receive the multicast service correctly with limited PUCCH overhead.
Proposal 1: Both ACK/NACK and NACK-only based HARQ feedback mechanisms should be supported for RRC_CONNECTED UEs receiving multicast.
1.2 Shared or separate PUCCH resource configuration for multicast
ACK/NACK based HARQ feedback was discussed for multicast in last meeting. While whether separate or shared PUCCH resources within the group needs FFS. In our view, both shared and separate PUCCH resources within the group should be supported. 
For multicast service, if the number of UEs within the group is limited, it is beneficial to allocate separate PUCCH resource for each UE within the group so that the gNB can differentiate which UE feeds back ACK or NACK. And accordingly, the gNB can do re-transmission for the UE that does not receive the multicast service correctly, such as based on PTP transmission with suitable MCS level. While if the number of UEs within the group is large, to reduce PUCCH resource overhead, a shared PUCCH resource among all UEs within the group is also preferred. 
Proposal 2: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Furthermore, a subset of UEs within the group can share the same PUCCH resource, different subsets of UEs can be configured with different PUCCH resources. For example, the receiver of multicast service can be divided into several sets based on RSRP range. The UEs within the same set or the same RSRP range share the same PUCCH resource. Different set of UEs can be configured with different PUCCH resource so that gNB can differentiate whether and which set of UEs have received the data correctly or not. 



Figure 1 Illustration of RSRP based PUCCH resource allocation

One example is given in Figure 1, where 3 RSRP thresholds are configured, and 4 set of PUCCH resources are configured, each set of PUCCH resources corresponds to different RSRP range. Within each PUCCH resource set, there are two PUCCH resources configured, one for ACK and another for NACK. The UEs within the same RSRP range will share the same PUCCH resource for ACK or NACK. Based on the UL feedback corresponds to different RSRP ranges, gNB can know the HARQ status of UEs per RSRP ranges. 
The above PUCCH resource configuration method can also be applied to NACK-only feedback mechanism. For example, for each RSRP range, only NACK resource is configured and the UEs within the RSRP range share the same PUCCH resource for NACK reporting. Different PUCCH resources can be configured for UEs located within different RSRP range. 
Proposal 3: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
[bookmark: _Hlk60674816]Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling. No necessary to specify such behaviour.
Proposal 4: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling
If both ACK/NACK and NACK only HARQ feedback mechanisms are supported for RRC-CONNECTED UEs, one issue is how gNB indicate which mechanism is used. The indication can be carried in DCI or RRC. While considering that scheduling flexibility, DCI method is preferred. gNB can dynamically indicate which feedback mechanism is used per MBMS transmission, per service type or per logical channel. 
Proposal 5: gNB can indicate whether ACK/NACK or NACK-only HARQ feedback is used by DCI.

1.3 Relationship of PUCCH resource configuration between multicast and unicast
As at a given time one UE may have both unicast and MBMS receptions. For the PUCCH resource configuration for ACK/NACK based HARQ-ACK feedback for multicast, the following options were discussed in RAN1#103-e:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration

In our view, option 1 is beneficial for multiplexing HARQ feedback for unicast and multicast, which can reduce PUCCH overhead and reduce the probability of transmission collision with other UL signal/channels.
Proposal 6: Multiplexing HARQ-ACK information for unicast and multicast in a single feedback channel should be supported.
Proposal 7: The following option is supported for PUCCH resource configuration for ACK/NACK based HARQ-ACK feedback:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast

1.4 PUCCH format for NACK-only feedback
Which PUCCH format is used for NACK-only HARQ feedback is one open issue left in the last meeting. NACK-only HARQ feedback has already been supported in Rel-16, where PSFCH with same structure as PUCCH format 0 is used to convey 1-bit HARQ information. Hence PUCCH format 0 can be considered for NACK-only HARQ feedback in MBS. However, PUCCH format 0 can only be configured up to 2 symbols, for the UEs close to cell edge, the coverage of PUCCH format 0 may not be satisfactory. Furthermore, if 2 TB transmission within one PDSCH is supported, or HARQ feedback for more than one PDSCH are transmitted in one slot, more than 1 bits need to be transmitted in one PUCCH, which is also beyond the capacity of existing PUCCH format 2.
Proposal 8: PUCCH format 0 can be used for the NACK-only feedback. FFS other PUCCH formats which can  improve the coverage and capacity.

1.5 Enable/disable HARQ feedback
Enable or disable HARQ feedback was supported. While how to enable HARQ feedback is not agreed. The following options can be considered:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling

In our view, Option 1 is preferred because of most flexibility. gNB can determine whether to do HARQ feedback per multicast transmission. For example, for the multicast transmission to a group with large number of UEs, gNB can disable HARQ feedback and rely on repetition to promise the reliability. For the multicast transmission to a group with less number of UEs, gNB can enable HARQ feedback.
Proposal 9: DCI based enable/disable HARQ feedback is preferred.

1.6 Slot-level repetition for group-common PDSCH
Slot level repetition for group common PDSCH is supported. The following options are considered to indicate the repetition number:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition

The repetition transmission of PDSCH/PUSCH is also supported in unicast. For unicast, the repetition is configured by RRC signalling. The same mechanism can be applied to multicast/broadcast. No strong motivation to do further enhancement.
Proposal 10: Repetition number indicated in RRC signalling is preferred.
1.7 Retransmission mechanism for PTM scheme 1 initial transmission
If the initial transmission is based on PTM scheme 1, how to do re-transmission is FFS. The following options can be considered.
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission
As also analyzed in our companion contribution [2], if the initial transmission is based on PTM scheme 1, to re-transmit with PTP is beneficial as it could improve the reliability of PDSCH, the benefit of using PTM scheme 2 is marginal. 
Proposal 11: From the perspective of RRC_CONNECTED UEs receiving multicast, if the initial transmission is based on PTM scheme 1, re-transmission based on PTP should be supported. 
[bookmark: _Hlk61428150]In case of group-common PDSCH is transmitted with PTM scheme 1, as there is no UE specific PDCCH gNB cannot adjust the PUCCH transmission power per UE, this may impact the reception of HARQ feedback for the group-common PDSCH at gNB. To avoid the problem, a TPC-PUCCH-RNTI should be configured for a UE within the group such that gNB can adjust the PUCCH transmission power of the UE. 

Proposal 12: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.

Conclusion
In this contribution, we discuss the mechanisms to improve reliability of Broadcast/Multicast service. Based on the analysis, the following proposals are given.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Both ACK/NACK and NACK-only based HARQ feedback mechanisms should be supported for RRC_CONNECTED UEs receiving multicast.
Proposal 2: For ACK/NACK based HARQ-ACK feedback for multicast, both shared and separate PUCCH resources among UEs within the group are supported.
Proposal 3: For ACK/NACK based feedback and NACK only based feedback for multicast, RSRP based PUCCH resource configuration is supported.
Proposal 4: Whether shared or separate PUCCH resources are used can be up to gNB configuration or scheduling
Proposal 5: gNB can indicate whether ACK/NACK or NACK-only HARQ feedback is used by DCI.
Proposal 6: Multiplexing HARQ-ACK information for unicast and multicast in a single feedback channel should be supported.
Proposal 7: The following option is supported for PUCCH resource configuration for ACK/NACK based HARQ-ACK feedback:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
Proposal 8: PUCCH format 0 can be used for the NACK-only feedback. FFS other PUCCH formats which can  improve the coverage and capacity.
Proposal 9: DCI based enable/disable HARQ feedback is preferred.
Proposal 10: Repetition number indicated in RRC signalling is preferred.
Proposal 11: From the perspective of RRC_CONNECTED UEs receiving multicast, if the initial transmission is based on PTM scheme 1, re-transmission based on PTP should be supported. 
[bookmark: _GoBack]Proposal 12: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.
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