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Introduction
The following were agreed in RAN1 #102e [1] for HARQ-ACK transmission. This contribution considers FFS aspects for HARQ-ACK transmission of MBS PDSCH.

Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.

Discussion
HARQ-ACK feedback
1.1.1 HARQ-ACK feedback solutions
HARQ-ACK information report has been agreed to be supported for MBS PDSCH with the exact procedure being FFS. Two HARQ-ACK feedback solutions have been proposed, one is for either ACK or NACK to be reported (ACK/NACK-based HARQ-ACK feedback), the other is for only NACK to be reported by a UE (NACK-based HARQ-ACK feedback). 

For ACK/NACK based HARQ-ACK feedback, a perceived drawback is that it requires a large number of PUCCH resources. However, given that HARQ-ACK feedback can be disabled for a UE (e.g. as is the case for sidelink, already agreed for NTN per HARQ process, and is being considered for MBS), that drawback does not need to exist in practice. For example, if the gNB configures HARQ-ACK feedback only for the UEs with the ~20% worst geometry CDF (based on RSRP reports), the probability that a UE with large SINR will need to report NACK when all UEs with the lowest SINRs report ACK is negligible and much smaller than a typical HARQ-ACK BLER, particularly considering the existence of Tx/Rx antenna diversity and of frequency diversity that provide robustness to fading.

Observation 1: Conventional HARQ-ACK feedback does not need to incur large system overhead for MBS PDSCH.

For NACK-only solution, one PUCCH resource is sufficient. However, there are some important disadvantages:
· DTX cannot be (indirectly) indicated – if any UEs fail to detect the PDCCH and remaining UEs decode correctly the MBS PDSCH, the error is costly and can only be later resolved from higher layers by ARQ. Further, that can be expected to be a relatively common event as, in practice, PDCCH and PDSCH link reception quality is correlated.
· Absence of DTX reporting also disables outer-loop link adaptation for the PDCCH
· BLER increases – either for NACK (leading to unnecessary retransmissions) or for ACK (leading to higher layer ARQ resolution and service disruption). The gNB receiver algorithm may also need to be modified
· For conventional HARQ-ACK reporting, the gNB places an energy detection threshold so that a DTX-to-ACK probability is about 10-2. But now DTX is not equivalent to NACK, it is equivalent to NACK. The corresponding threshold at the gNB receiver needs to be placed at a lower value in order to consider detection of weak signals as NACK and avoid interpreting an ACK. Assuming same ACK and NACK target error values as for eMBB, the NACK-to-DTX probability should be 10-4 leading to more MBS PDSCH retransmissions than if conventional HARQ-ACK is reported. Such retransmissions are likely to more than offset any PUCCH resource savings (that are anyway minimal since many UEs can multiplex PUCCH transmissions in a same RB). 
· NACK-based solution is not possible is a UE multiplexes HARQ-ACK feedback for MBS PDSCH with unicast UCI (HARQ-ACK, SR, CSI) or, as it can be expected for NR where the large majority of bands are TDD, for multiple MBS PDSCH receptions.

Observation 2: NACK-only based HARQ-ACK feedback has several important drawbacks and is typically inapplicable.

At least conventional HARQ-ACK feedback (ACK/NACK-based) should be supported. Whether there is any need to support NACK-based HARQ-ACK feedback may be further considered subject to resolving associated functionality and operational issues. 

Proposal 1: HARQ-ACK feedback for MBS PDSCH receptions is as for unicast PDSCH receptions. FFS for NACK-only HARQ-ACK feedback.

1.1.2 Multiplex or priority between multicast HARQ-ACK and unicast HARQ-ACK
Unicast traffic and MBS traffic can have different reliability requirements for a given UE and corresponding HARQ-ACK information can follow those requirements. In that sense, the situation is similar to the one in Rel-16 for a UE supporting both eMBB and URLLC services where the UCI with lower priority is dropped. In Rel-17, multiplexing is to be supported.

Proposal 2: Support configuration between multiplexing and prioritization of MBS HARQ-ACK feedback and unicast UCI.

1.1.3 HARQ-ACK disable/enable
As previously mentioned, it is not necessary for some/all UEs with moderate/high SINRs to provide HARQ-ACK feedback when UEs with low SINRs provide HARQ-ACK feedback for MBS PDSCH. Therefore, to conserve some PUCCH resources and avoid unnecessary UE power consumptions, a gNB should be able to configure a UE whether or not to report HARQ-ACK feedback for MBS PDSCH receptions.

Proposal 3: A gNB can be configured by higher layers a UE whether or not to report HARQ-ACK information for SPS PDSCH receptions. 

1.1.4 MBS HARQ-ACK Timing
The HARQ-ACK timing indicated in the DCI format needs to be applicable according to the SCS of the active UL BWP of the primary for a UE. Different UEs can have different SCS for active UL BWPs on their primary cells.  A UE interprets the value of the HARQ-ACK timing indicator field in the DCI format according to the SCS of its active UL BWP on the primary cell.  

Observation 3: A UE interprets the HARQ-ACK timing indicator field according to the SCS of the active UL BWP on the primary cell.

Power control of PUCCH for MBS HARQ-ACK
The DCI format scheduling an MBS PDSCH is a UE group-common DCI format and is not reasonable/feasible to include a TPC command for each UE configured to report HARQ-ACK information (or optimize/differentiate for the case than only few UEs provide HARQ-ACK information). Therefore, similar to DCI format 3_0 scheduling PDSCH receptions for sidelink, a GC-DCI format scheduling an MBS PDSCH reception does not include a TPC command. Then, for a UE that also has unicast traffic, there is no update to the closed-loop power control (CLPC) adjustment state for PUCCH power control due from a GC-DCI format scheduling MBS PDSCH while for a UE without unicast traffic there is no CLPC.
  
Proposal 4: The DCI format scheduling MBS PDSCH reception does not include a TPC command field.

Similar to a UE supporting both eMBB and URLLC services, target reliability for MBS HARQ-ACK cannot be always assumed to be same as for unicast HARQ-ACK. Therefore, the open-loop power control parameters can be configured separately for unicast HARQ-ACK transmission and MBS HARQ-ACK transmission.

Proposal 5: A gNB can provide separate configurations of open-loop power control parameters for PUCCH transmission with unicast HARQ-ACK and for PUCCH transmission with MBS HARQ-ACK.

Conclusion
This contribution considered improvement of reliability to support multicast transmission in NR and provided the following proposals.
Proposal 1: HARQ-ACK feedback for MBS PDSCH receptions is as for unicast PDSCH receptions. FFS for NACK-only HARQ-ACK feedback.
Proposal 2: Support configuration between multiplexing and prioritization of MBS HARQ-ACK feedback and unicast UCI.
Proposal 3: A gNB can be configured by higher layers a UE whether or not to report HARQ-ACK information for SPS PDSCH receptions. 
Proposal 4: The DCI format scheduling MBS PDSCH reception does not include a TPC command field.
Proposal 5: A gNB can provide separate configurations of open-loop power control parameters for PUCCH transmission with unicast HARQ-ACK and for PUCCH transmission with MBS HARQ-ACK.

In addition, the following observations are made.
Observation 1: Conventional HARQ-ACK feedback does not need to incur large system overhead for MBS PDSCH.
Observation 2: NACK-only based HARQ-ACK feedback has several important drawbacks and is typically inapplicable.
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