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Introduction
This contribution considers open issues on reliability enhancements for RRC_CONNECTED UEs with multicast services. 

Reliability Enhancements
Configuration of HARQ-ACK codebooks
In RAN1#106bis-e, it was discussed whether to restrict multicast PDSCH and unicast PDSCH to operate with same HARQ-ACK codebooks (CBs) or with different time units (e.g. “sub-slot” vs. “slot”) for PUCCH transmissions.

Mandating a same unicast HARQ-ACK CB for all UEs receiving a multicast service (and for the HARQ-ACK CB to be same as the multicast one) should be avoided as different HARQ-ACK CBs serve different operating scenarios for UEs. For example, a Type-2 HARQ-ACK CB may be used for multicast (including the trivial case as in LTE single-cell FDD where HARQ-ACK is reported per slot per PDSCH) while Type-1 HARQ-ACK CB may be used for some UEs in CA when the schedulers cannot coordinate the setting of DAI values (that was the main motivation to introduce the, otherwise inefficient, Type-1 HARQ-ACK CB). There is no issue when multiplexing of the HARQ-ACK CBs is in the PUCCH – a HARQ-ACK CB can be appended to the other and it does not matter whatever the order may be or whether the CB types are same or different – same specification applies (concatenate the codebooks). For multiplexing in a PUSCH, the DAI in the UL grant (if any) may operate as for the enhanced Type-2 HARQ-ACK CB from Rel-16 NR-U or the multiplexing can be as in the PUCCH – that is again regardless of whether the HARQ-ACK CBs are same or different – same specification. Restricting PUCCHs for unicast and multicast HARQ-ACK CBs to be in different slots by specification (to avoid multiplexing) is not practical, clearly for TDD, but also for FDD as a scheduler should not be forced to increase latency or have a slot-dependent PUCCH resource management for either service.  

Observation 1: There is no specification/implementation benefit in order to preclude multiplexing unicast/multicast HARQ-ACK codebooks of different types in a PUCCH or PUSCH while there are significant drawbacks from mandating a same HARQ-ACK codebook type for both services or from restricting available slots for PUCCH transmissions.

Another issue is whether a same time unit should be assumed for multicast and unicast PUCCHs or, in other words, whether the case of a UE having only multicast traffic and URLLC traffic of strict latency requiring “sub-slot” based PUCCH needs to be supported. There is no reason to design for such case as it will also require Rel-17 URLLC features for multiplexing and is against the WID. Further, “sub-slot” based PUCCH can be realized by gNB implementation, for example by allocating “sub-slot” based PUCCH resources in a slot and indicating one of them using the PRI. The benefit of precluding a mixture of PUCCH time units for unicast and multicast is the simpler specifications to resolve overlapping (nothing additional is needed compared to Rel-15/16) and the avoidance of new requirements on UE implementation.  

Observation 2: There is no benefit and there are several disadvantages from considering time units other than a slot for unicast and multicast PUCCH transmissions.


Enabling/Disabling a HARQ-ACK report
In RAN1#106bis-e, the following was agreed. 

Agreement:
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 

For the DCI-based indication, either a separate field can be introduced or a specific value of an existing field (such as a value of the PDSCH-to-HARQ_feedback timing indicator field as in NR-U or a reserved PUCCH resource) can be used. Using a specific value of an existing field may not be feasible as DCI-based enabling/disabling of HARQ-ACK reporting is a UE-specific feature, and also a configuration can be different for different UEs in a multicast group. In general, it is preferable to avoid mixing different functionalities using a same field especially if the cost is 1 bit of a configurable field. 

Proposal 1: DCI-based HARQ-ACK enabling/disabling is by a 1-bit field in first/second DCI formats for multicast.


Another issue is the HARQ-ACK value in a Type-1 HARQ-ACK CB when DCI formats indicate HARQ-ACK disabling, or whether DAI values in DCI formats indicating HARQ-ACK disabling are used to construct a Type-2 HARQ-ACK CB. The same issues are discussed in the NTN WI with the only difference being that HARQ-ACK enabling/disabling is indicated by the HPN field (some HARQ processes are configured with enabled HARQ-ACK and some with disabled). 

For the Type-1 HARQ-ACK CB, as the CB does not depend on receptions of DCI formats, a simultaneous configuration of HARQ-ACK enabling/disabling and a Type-1 HARQ-ACK CB may not be supported by a UE or, equivalently, the UE behavior can remain as in Rel-16 regardless of HARQ-ACK enabling/disabling indications in the DCI formats. Setting to NACK the values of HARQ-ACK bits associated with DCI formats indicating HARQ-ACK disabling may also be acceptable if that approach is agreed in NTN (although the basic reasons to report NACK in NTN do not exist in MBS).

For the Type-2 HARQ-ACK CB, DCI-based enabling/disabling of HARQ-ACK reports should not lead to a change in the CB generation, other than the omission of HARQ-ACK bits associated with DCI formats disabling HARQ-ACK (agreed in NTN), in order to avoid UE/gNB software changes and new IIOT. 

Observation 3: DCI-based indication for HARQ-ACK enabling/disabling should not result to any change in the HARQ-ACK CB construction compared to Rel-16 (for the Type-2 HARQ-ACK CB, DCI formats indicating disabled HARQ-ACK reports are not processed).


   NACK-only based HARQ-ACK 
For a PUCCH with NACK-only HARQ-ACK for multiple PDSCHs, the following was agreed in RAN1#106bis-e.  

Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling

Alt1 essentially cancels the “NACK-based” HARQ-ACK reporting mode and reverts to the “ACK/NACK-based” HARQ-ACK reporting mode. Alt4 uses a same multiplexing principle as PUCCH format 0 in Rel-15, it does not reduce coverage, does not degrade the BLER regardless of the number of ACK/NACK combinations assuming orthogonal resources for multiplexing (e.g. for PUCCH format 0, the BLER of 2 bits is same as the BLER of 1 bit), does not require new procedures to resolve overlapping or to multiplex in a PUSCH, and is directly supportable by Rel-15 UE/gNB hardware. The PUCCH resource overhead is negligible (e.g. any combination of 4 NACK-only HARQ-ACK for the typical DDDSU UL-DL configuration can be indicated with 15 resources – i.e. ~1 RB/slot for PUCCH format 1). The only issue with Alt4 is the exponential increase in the required PUCCH resources with the number of HARQ-ACK bits (2M for M HARQ-ACK bits). Considering that Rel-17 multicast only supports single cell operation, supporting Alt4 for up to M=4 is enough for all deployed UL-DL TDD configurations. For completeness of specifications for the case of more than 4 HARQ-ACK bits, the UE can revert to no HARQ-ACK report or to Alt1. The case of no HARQ-ACK report can be automatic if the UE is not provided PUCCH resources for HARQ-ACK reporting according to Alt.1.  

Proposal 2: A UE is provided up to 16 orthogonal PUCCH resources to select from according to combinations of up to 4 ACK/NACK values. For more than 4 ACK/NACK values, the UE reports HARQ-ACK as in Rel-16 if the UE is provided PUCCH resources; otherwise, the UE does not report HARQ-ACK. 
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Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: DCI-based HARQ-ACK enabling/disabling is by a 1-bit field in first/second DCI formats for multicast.

Proposal 2: A UE is provided up to 16 orthogonal PUCCH resources to select from according to combinations of up to 4 ACK/NACK values. For more than 4 ACK/NACK values, the UE reports HARQ-ACK as in Rel-16 if the UE is provided PUCCH resources; otherwise, the UE does not report HARQ-ACK. 


In addition, the following observations are made.

Observation 1: There is no specification/implementation benefit in order to preclude multiplexing unicast/multicast HARQ-ACK codebooks of different types in a PUCCH or PUSCH while there are significant drawbacks from mandating a same HARQ-ACK codebook type for both services or from restricting available slots for PUCCH transmissions.

Observation 2: There is no benefit and there are several disadvantages from considering time units other than a slot for unicast and multicast PUCCH transmissions.

Observation 3: DCI-based indication for HARQ-ACK enabling/disabling should not result to any change in the HARQ-ACK CB construction compared to Rel-16 (for the Type-2 HARQ-ACK CB, DCI formats indicating disabled HARQ-ACK reports are not processed).
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