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Introduction
This contribution considers reliability enhancements for RRC_CONNECTED UEs with MBS. 

Reliability Enhancements
HARQ-ACK feedback
The following was agreed in RAN1#103-e. 

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 

The main motivation for NACK-only based HARQ-ACK feedback for multicast is the perceived large overhead that ACK/NACK based feedback may require. The following observations are made:
a) NACK-only based HARQ-ACK feedback when a single resource is configured may be applicable only when a single HARQ-ACK information bit is provided by a UE; otherwise, ACK/NACK based feedback is default. Multiple PUCCH resources need to be configured and resource selection needs to apply in order to provide multiple NACK-only HARQ-ACK - in such case the overhead may not be smaller than for ACK/NACK based HARQ-ACK. 
b) In RAN1#103-e, it was also agreed that HARQ-ACK feedback disabling is supported. Although details are FFS, this can enable a network to select UEs that provide HARQ-ACK and control corresponding PUCCH overhead. For example, a network can configure only UEs in the lower range of the geometry CDF (e.g. based on long term CQI or on RSRP reports) to provide HARQ-ACK. Then, a probability that a UE with large SINR needs to report NACK when all UEs with the lowest SINRs report ACK is negligible, and much smaller than a typical HARQ-ACK BLER, particularly with Tx/Rx antenna diversity and frequency diversity that provide robustness to fading.
c) For a single HARQ-ACK information bit, PUCCH format 1 can be used and multiplexing of ~12 UEs per PRB can be supported – therefore, PUCCH overhead is marginal.

Observation 1: NACK-only HARQ-ACK feedback for MBS PDSCH has very limited applicability.

Observation 2: Conventional HARQ-ACK feedback does not need to incur large system overhead for MBS PDSCH.


Aside of an absence of a motivation to support NACK-only HARQ-ACK feedback, it is unclear how such reporting can be functional assuming a single, UE-common, PUCCH resource. When a single UE transmits NACK-only HARQ-ACK feedback, the reception reliability will be worse that for ACK/NACK HARQ-ACK feedback, and can result to unnecessary PDCCH+PDSCH transmissions for re-scheduling of a TB (which will then wipe out any of the marginal PUCCH overhead savings), but at least the gNB receiver design is well understood. When two UEs transmit NACK-only HARQ-ACK feedback, and assuming that power control for each UE compensates for corresponding channel fading, the reception will be of two signals with same power and random phases – the magnitude of the power will be larger than for single UE transmission with 50% probability and smaller also with 50% probability. Where then should the gNB place the detection threshold? For multiple UEs, say N UEs, the reception of N signals will approximate a Gaussian random variable with zero mean and NxP2 variance, where P is the received power. Then, the gNB receiver will need to have the detection threshold at the noise level and often retransmit regardless of the number of UEs that transmit NACK-only HARQ-ACK feedback. 

Observation 3: The optimal detection threshold at the gNB for NACK-only HARQ-ACK feedback depends on the number of UEs that transmit corresponding PUCCH in a PUCCH resource – that number is unknown to the gNB. 

Observation 4: A receiver design that can provide reliable detection for NACK-only HARQ-ACK feedback, regardless of the number of UEs that transmit corresponding PUCCH in a PUCCH resource, does not exist.

There are additional problems for NACK-only HARQ-ACK feedback although not as critical as the above. 
a) DTX cannot be (indirectly) indicated – if any UEs fail to detect the PDCCH and remaining UEs decode correctly the MBS PDSCH, the error is very 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. But the DTX problem can be circumvented by a UE also transmitting NACK-only HARQ-ACK feedback for each PDCCH MO where the UE does not detect a DCI format scheduling an MBS PDSCH.
b) BLER increases (relative to conventional HARQ-ACK feedback) even for the best-case scenario where only a single UE transmits NACK-only HARQ-ACK – the BLER increase is either for detection of NACK (leading to unnecessary retransmissions) or for detection of ACK (leading to higher layer ARQ resolution and service disruption). For conventional HARQ-ACK, 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 ACK (and PDCCH DTX is also equivalent to ACK). The gNB needs to place the corresponding threshold at a lower value in order to avoid interpreting DTX because NACK-to-DTX is same as NACK-to-ACK which typically has a probability of 10-4, not 10-2. The lower detection threshold value means that it is ~100 times more likely (than for conventional HARQ-ACK) that noise/DTX will be interpreted as signal/NACK, which in turn means more PDCCH+PDSCH retransmissions, which then means that any (already marginal) PUCCH overhead reduction due to NACK-only HARQ-ACK feedback is practically meaningless. 

Proposal 1: HARQ-ACK feedback for MBS PDSCH is only ACK/NACK based. 


[bookmark: _Hlk57237557]The following was also agreed in RAN1#103-e.

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

A separate configuration of PUCCH resource sets would generally enable better deployment flexibility for the network. For example, MBS PDSCH may require PUCCH resources targeting different (e.g. smaller) HARQ-ACK payloads than unicast ones due to less frequent scheduling, or absence of CA or spatial multiplexing, or no CBG-based HARQ-ACK feedback configuration, or even a different spatial filter. Therefore, an additional PUCCH-Config should be provided for MBS. If that additional PUCCH-Config is not provided, the one for unicast applies. 
 
Proposal 2: The UE can be optionally provided a separate PUCCH-Config for MBS (if the separate PUCCH-Config is not provided, the unicast one applies). 


The following was also agreed in RAN1#103-e.

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

Options 1 and 4 are not preferable as they do not support UE-specific enabling/disabling (MAC-CE is understood to be provided by MBS PDSCH while RRC is understood to be provided by unicast PDSCH, together with other UE-specific MBS configurations). Between Option 3 and Option 5, Option 3 is preferable due to its simplicity as there is no meaningful difference from an overhead perspective from always having an additional 1 bit in the DCI format versus occasionally using a MAC CE in the MBS PDSCH. For Option 3, the DCI should be applicable only to UEs that are configured by RRC to provide HARQ-ACK feedback. As it is not currently clear why a network would need to dynamically enable/disable HARQ-ACK reporting from a UE, Option 2 is preferred while Option 3 can be further discussed. 
 
Proposal 3: Support HARQ-ACK feedback enabling/disabling by UE-specific RRC configuration. Consider further whether to complement the RRC configuration by DCI indication. 


The following was also agreed in RAN1#103-e.

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.

Regarding the second FFS, there is no need to use enhanced Type-2 or Type-3 HARQ-ACK codebook for non-shared spectrum. A Rel-15 network/UE does not support those codebooks, a Rel-16 network/UE that does not support shared spectrum operation does not support those codebooks, and they would unnecessarily introduce new implementations as they cannot outperform Type-2 HARQ-ACK codebook. 

Observation 5: It is both unnecessary and detrimental to introduce support of enhanced Type-2 or Type-3 HARQ-ACK codebook for MBS.

Regarding the first FFS, the Type-1 and Type-2 HARQ-ACK codebook designs can follow the same principles as for unicast PDSCH. One issue is whether HARQ-ACK for MBS PDSCH and HARQ-ACK for unicast PDSCH can be considered to be part of a same codebook generation. For Type-2 HARQ-ACK codebook, that is not possible as the DAI in the DCI format scheduling MBS PDSCH cannot generally be UE-specific. For Type-1 HARQ-ACK codebook, it is possible for HARQ-ACK for MBS PDSCH and for unicast PDSCH to be part of the same codebook and this is preferable in order to avoid potentially doubling the already large size of the Type-1 HARQ-ACK codebook in case HARQ-ACK for MBS and HARQ-ACK for unicast are multiplexed in a same PUCCH/PUSCH. In either case, the Type-1 and Type-2 HARQ-ACK codebook construction follow the Rel-16 specifications.   

Proposal 4: A UE separately determines Type-2 HARQ-ACK codebooks for MBS and unicast receptions. A UE jointly or separately determines Type-1 HARQ-ACK codebook(s) for MBS and unicast receptions when the UE multiplexes or does not multiplex, respectively, the Type-1 HARQ-ACK codebook(s) in a same PUCCH/PUSCH.  


When a PUCCH with HARQ-ACK for MBS overlaps in time with a PUCCH with HARQ-ACK for unicast (or with a PUSCH), multiplexing or prioritization can apply or a UE can expect that such overlapping does not occur. Multiplexing can follow a similar design as for Rel-16 M-TRP operation with joint HARQ-ACK feedback or, in case of different BLER targets, as for eMBB and URLLC in Rel-17. Prioritization can follow a similar design as for eMBB and URLLC in Rel-16. A UE can also not expect such overlapping to occur as for Rel-16 M-TRP operation with separate HARQ-ACK feedback. Since the Rel-17 specifications will support all above scenarios, they can all be considered also for MBS as the additional specification impact will be minimal and will mostly be replication for MBS of existing configurations. 

Proposal 5: Support multiplexing, prioritization, and undefined UE behavior when a PUCCH with HARQ-ACK for MBS PDSCH overlaps in time with a unicast PUCCH or PUSCH following corresponding Rel-16 mechanisms. 


PDSCH Link Adaptation
The following was also agreed in RAN1#103-e. 

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

Adaptation to the number of PDSCH repetitions needs to be more flexible for MBS PDSCH than for unicast PDSCH as there are more than one receiving UEs and a probability/rate of channel conditions requiring an adjustment in PDSCH repetitions increases as the number of receiving UEs increases. For indication of a number of repetitions by DCI there are at least two options; a first option is to use a separate field as in LTE eMTC and a second option is to embed the number of repetitions in TDRA table entries. The former approach is preferable as it is more flexible, can adjust BLER according to MBS service type, avoids mixing functionalities, and does not require configuration of a TDRA table by the network (e.g. the default TDRA table can be used and a single design can apply for both RRC_CONNECTED UEs and for RRC_IDLE/RRC_INACTIVE UEs). A 2-bit field in the DCI can indicate 1, 2, 4, or 8 repetitions. 

Proposal 6: For slot-level repetitions of a MBS PDSCH transmission, a 2-bit field in the DCI format is used to indicate 1, 2, 4, or 8 repetitions. 

 
The following was also agreed in RAN1#103-e. 

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

[bookmark: _Hlk57391897]A motivation to restrict a network on what DCI format to use for a TB retransmission (or even an initial TB transmission) is unclear. From a UE perspective, there is no impact in complexity and Rel-16 allows use of any DCI format (including DCI formats with different FDRA or other fields – i.e. DCI 1_0/1_1 and DCI 1_2). Also from a UE perspective, the UE does not care whether an initial TB transmission for a HARQ process was received only by the UE or was also received by other UEs (it is assumed that the UE complexity for a maximum number of HARQ processes does not increase – i.e. HARQ processes on a cell are shared between MBS and unicast). In principle, as configurations of different search space sets can be associated with different DCI formats, a network should be able to use whatever is meaningful and convenient at any time instead of being unnecessarily restricted. Also, a unicast PDCCH can use a smaller CCE aggregation level, such as 1 CCE, instead of a large aggregation level, such as 4 CCEs or 8 CCEs, that is expected to be the smallest one for monitoring group-common PDCCH. Further, it is noted that as long as an RNTI is provided by UE-specific RRC signaling, there is no such thing as ‘group-common’ PDSCH. The following proposal is also made in [2].

Proposal 7: No restriction is introduced for the DCI formats that can schedule a TB reception for a HARQ process to a UE - both a DCI format in a group-common PDCCH and a DCI format in UE-specific PDCCH can be used.  


Finally, the following was agreed in RAN1#103-e. 

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

For MBS, a gNB can perform link adaptation to achieve a target TB BLER for UEs with lowest SINRs. In that sense, link adaptation for MBS is same as link adaptation for unicast. The Rel-16 CSI report configuration framework is highly flexible and remains applicable, including for measurements and CSI reports and for support of different beams for MBS and unicast. It is assumed that “No standardized support specifically for SFN is provided in this WI” based on the WID [2]. 

However, the MBS and unicast frameworks are different. A UE with MBS service and without unicast service needs to be configured to monitor PDCCH for detection of DCI formats with CRC scrambled by C-RNTI in order to be triggered by an UL grant to receive A-CSI-RS. Even though that is possible, and can even be limited to UEs with worst SINRs, it is not practically feasible because frequent, and potentially many, RRC reconfigurations for PDCCH monitoring are needed, e.g. whenever channel conditions of UEs change. Also, a gNB needs to simultaneously transmit multiple UL grants only to indicate to respective UEs a triggered A-CSI-RS for measurement and CSI reporting. It is more efficient to trigger A-CSI-RS reception by the DCI format scheduling MBS PDSCH or, as for group-based A-SRS triggering, by a GC-DCI format similar to DCI format 2_3 that indicates the UEs that need to measure the A-CSI-RS and provide CSI reports (instead of selecting UEs by RRC and performing reconfigurations, or instead of all UEs measuring A-CSI-RS and reporting CSI). A gNB can also use DCI format 2_3 to trigger A-SRS for measurements and link adaptation for MBS PDSCH but CQI still needs to be based on A-CSI-RS measurements. 

Proposal 8: Support CSI-RS triggering by the DCI format scheduling MBS PDSCH or by a GC-DCI format.  


Finally, for a UE configured to receive MBS PDSCH for different service types, a corresponding BLER target can be different and that needs to be reflected in the corresponding CQI. This is the case in Rel-16 for different unicast service types (e.g. eMBB and URLLC) where the UE can be configured a first CSI report configuration with CQI for a first MCS table with 10-1 target BLER (e.g. high spectral efficiency/eMBB) and a second CSI report configuration with CQI for a second MCS table with 10-5 target BLER (e.g. low spectral efficiency/URLLC). Whether two CSI report configurations are also sufficient for MBS service is FFS pending conclusions on the number of different MBS services to be supported in Rel-17 – the specification impact is limited to the number of CSI-ReportConfig that a UE can be configured for MBS.

[bookmark: _Hlk57631159]Proposal 9: Support configuration of multiple CSI-ReportConfig for MBS to a UE.

[bookmark: _Hlk57243931]
Conclusions
This contribution considered reliability improvements for MBS and proposes the following.

Proposal 1: HARQ-ACK feedback for MBS PDSCH is only ACK/NACK based. 

Proposal 2: The UE can be optionally provided a separate PUCCH-Config for MBS (if the separate PUCCH-Config is not provided, the unicast one applies). 

Proposal 3: Support HARQ-ACK feedback enabling/disabling by UE-specific RRC configuration. Consider further whether to complement the RRC configuration by DCI indication. 

Proposal 4: A UE separately determines Type-2 HARQ-ACK codebooks for MBS and unicast receptions. A UE jointly or separately determines Type-1 HARQ-ACK codebook(s) for MBS and unicast receptions when the UE multiplexes or does not multiplex, respectively, the Type-1 HARQ-ACK codebook(s) in a same PUCCH/PUSCH.  

Proposal 5: Support multiplexing, prioritization, and undefined UE behavior when a PUCCH with HARQ-ACK for MBS PDSCH overlaps in time with a unicast PUCCH or PUSCH following corresponding Rel-16 mechanisms. 

Proposal 6: For slot-level repetitions of a MBS PDSCH transmission, a 2-bit field in the DCI format is used to indicate 1, 2, 4, or 8 repetitions. 

Proposal 7: No restriction is introduced for the DCI formats that can schedule a TB reception for a HARQ process to a UE - both a DCI format in a group-common PDCCH and a DCI format in UE-specific PDCCH can be used.  

Proposal 8: Support CSI-RS triggering by the DCI format scheduling MBS PDSCH or by a GC-DCI format.  

Proposal 9: Support configuration of multiple CSI-ReportConfig for MBS to a UE.

In addition, the following observations are made.
Observation 1: NACK-only HARQ-ACK feedback for MBS PDSCH has very limited applicability.

Observation 2: Conventional HARQ-ACK feedback does not need to incur large system overhead for MBS PDSCH.

Observation 3: The optimal detection threshold at the gNB for NACK-only HARQ-ACK feedback depends on the number of UEs that transmit corresponding PUCCH in a PUCCH resource – that number is unknown to the gNB. 

Observation 4: A receiver design that can provide reliable detection for NACK-only HARQ-ACK feedback, regardless of the number of UEs that transmit corresponding PUCCH in a PUCCH resource, does not exist.

Observation 5: It is both unnecessary and detrimental to introduce support of enhanced Type-2 or Type-3 HARQ-ACK codebook for MBS.
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