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1. Introduction
In this paper, reliability aspects of NR multicast and broadcast services (MBS) for RRC_CONECTED UEs are discussed. The new work item on NR Support of Multicast and Broadcast Services [1] has the following objectives for normative work on NR MBS related to improving the reliability of multicast/broadcast service:
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [ RAN1, RAN2]


In this paper, we discuss mechanisms for improving the reliability of NR based multicast and broadcast services within a single cell for RRC_CONNECTED UEs. 
2. Discussion 
In this section, design considerations for reliability mechanisms for NR MBS focused on RRC_CONNECTED UEs is provided.
2.1. Improving Reliability based on UL Feedback
2.1.1. Support of HARQ/ACK Schemes
	In RAN2#112-e meeting, it was agreed that two different types of MBS delivery will be supported
· High QoS mode (Delivery Mode 1) - can be received only by RRC_CONNECTED UEs and is meant for groupcast mode operation
· Low QoS mode (Delivery Mode 2) - can be received by RRC_CONNECTED and RRC_IDLE/INACTIVE UEs and is meant for broadcast operation

Additionally, in RAN1#103e meeting, the following MBS scheduling modes were defined to facilitate further discussion in RAN1:
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.


Based on the definition of the delivery modes and MBS scheduling modes, support of HARQ feedback schemes are further discussed with comments on some outstanding FFS points from the agreement above. 
ACK/NACK based feedback was agreed to be supported for RRC_CONNECTED UEs. ACK/NACK based feedback can be supported when PTP or PTM scheme 2 is used for retransmission with the initial transmission on PTP Scheme 1. Since ACK/NACK based feedback is feasible only for RRC_CONNECTED UEs, it is applicable only to delivery mode 1. 
NACK only feedback was also agreed, and this feedback mode can be enabled in an SFN like manner wherein multiple UEs transmit NACK only signal on a shared PUCCH resource. The gNB can configure a common PUCCH resource to the group of UEs. The common resource needs to be indicated by the same PRI and hence should be map to the same index for all UEs receiving the groupcast transmission. Additionally, when connected mode UEs have no dedicated PUCCH resource configuration, the UEs can use common cell specific PUCCH resource to transmit NACK only feedback. In Rel-15 a common PUCCH resource set is defined which includes 256 PUCCH resources using PUCCH Formats 0 and 1, and a 4-bit indication in RMSI selects 16 cell-specific resources. The selection of the particular PUCCH resource is again based on PRI and starting CCE index used for reception of the scheduling PDCCH. In this case, the PUCCH resource will be shared by UEs in the group and UEs are expected to only transmit only a NACK. Since NACK only feedback uses a common PUCCH resource and gNB cannot discern which UE actually had a failed TB in the initial transmission, using PTP or PTM Scheme 2 adds overhead without any benefit. Therefore, NACK only scheme can be used with PTM Scheme 1. Furthermore, NACK only can be the default feedback mode in delivery mode 1 and the only feedback mode in delivery mode 2. 

Proposal 1: [bookmark: _Hlk79175915] For RRC_CONNECTED UEs receiving multicast supporting both ACK/NACK based and NACK-only HARQ feedback:
· ACK/NACK based feedback is used for delivery mode with PTP or PTM Scheme 2 (if supported)
· NACK only feedback is used for delivery modes 1 and 2 with PTM Scheme 1
· UEs within a group receiving multicast transmission can be configured with different HARQ feedback modes.
Since NR MBS supports FDM of MBS and unicast PDSCH, as well as HARQ feedback, the case of out-of-order HARQ feedback needs to be considered i.e., if the last OFDM symbol of the MBS PDSCH occurs before the last OFDM symbol of the unicast PDSCH, is the UE allowed to transmit MBS HARQ feedback after unicast? In some cases, allowing out of order HARQ feedback may be beneficial where unicast and HARQ may have independently configured set of K1 values.
Proposal 2:  For the case when unicast and MBS PDSCH partially overlap in time on different PRBs, out-of-order HARQ feedback may be supported wherein the HARQ feedback corresponding to the PDSCH ending earlier in time may be transmitted after the HARQ feedback for the PDSCH ending later in time

2.1.2. Configurability of HARQ/ACK Feedback
The following working assumption was reached in RAN1#105-e meeting:
	Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback as follows:
Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group




For the above agreement, there is an FFS on “whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback”. The mechanism for enabling/disabling HARQ is already very complicated. Additional complications can be introduced if functionality to ignore DCI feedback is introduced. To this end, if RRC enables the feature of dynamic enabling/disabling of HARQ, the UE should always expect to be signaled by the corresponding scheduling DCI if HARQ is enabled or disabled. There should be no provision to ignore or not indicate this via DCI. 

Proposal 3:  If RRC enables dynamic indication of HARQ on/off, UE always expects to be signaled with HARQ on/off in DCI i.e., there is no case where UE can ignore DCI based indication 


For the case of NACK-only feedback, only RRC based configuration of HARQ ON/OFF would suffice and complicated DCI based indication is not necessary.

Proposal 4:  For NACK-only feedback RRC configures ON/OFF with no DCI based indication

Furthermore, for RRC_CONNECTED UEs, the use of ACK/NACK based or NACK only feedback can be configured either semi-statically through RRC or can be informed as part of the PUCCH resource configuration which can additionally include the information whether the UE is expected to transmit only NACK on the indicated resource. Based on the discussion, we have the following proposal.

Proposal 5: [bookmark: _Hlk79175986]For RRC_CONNECTED UEs, NR MBS supports both ACK/NACK based and NACK-only HARQ feedback. The configuration of ACK/NACK and NACK only mode can be done using the following options 
· Explicit configuration: Semi-static RRC configuration of ACK/NACK or NACK only mode
· Implicit configuration:
· The configured PUCCH resource can contain additional indication that the UE is expected to transmit only NACK on the configured resource
· If UE has no dedicated PUCCH resource configuration, the UE uses cell-specific PUCCH resource and is expected to only transmit NACK

If implicit configuration is supported, then no differentiation for ACK/NACK or NACK-only is needed in terms of enabling or disabling HARQ feedback using RRC/DCI. Finally, both options can also be supported. 

2.1.3. HARQ Codebook Design and PUCCH Configuration

Type 1 HARQ Codebook Design:
	Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities


In order to address the FFS point in the agreement above, the pdsch-HARQ-ACK-Codebook for MBS configuration may have a separate parameter which indicates the priority level of the codebook. For example, the Type 1 MBS codebooks can all be of low priority compared to unicast or all be of high priority compared to unicast. 
Proposal 6:  If UE is configured one CB for multicast and one CB for unicast of different priorities, the pdsch-HARQ-ACK-Codebook configuration can include a priority indicator which applies to all multicast codebooks. 

For the case of Type 1 HARQ codebook generation when MBS PDSCH is fully or partially overlapping in time with a unicast PDSCH in different PRBs (FDM), construction of HARQ codebook based on union of TDRA sets of unicast and multicast can lead to higher overhead. Therefore, in this case, the UE may generate two sub-codebooks by considering unicast and multicast TDRA separately and then the sub-codebooks can be concatenated. To this end, the following agreement was reached in the last meeting which may be used as starting point for discussion 

	Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on down-selecting one of the two alternatives as follows:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 




To this end, Alt 2 seems to be the preferable option with minimal specification impact.

Proposal 7:  For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions, Alt 2 is supported

As discussed in Section 2.1.2, ACK/NACK-based or NACK-only-based feedback can be dynamically disabled by DCI. However, this may have some non-trivial impact on codebook construction.  For Type 1 HARQ Codebook disabling the HARQ-ACK for a GC-PDSCH does not change the Type 1 HARQ-ACK codebook generation. For the GC-PDSCHs whose ACK/NACK feedback is disabled, padding NACK can be used such that the CB size is same as in the case if HARQ feedback was enabled. 
Proposal 8:  For Type 1 Codebook if HARQ is disabled by DCI for a GC-PDSCH, Type 1 codebook generation does not change, and padding NACK can be used such that CB size is same as in the case if HARQ-ACK feedback was enabled.

Type 2 HARQ Codebook Design:
For the case when HARQ-ACK feedback for GC-PDSCH is dynamically disabled by DCI, for Type 2 HARQ Codebook, the C-DAI for the GC-PDSCH which has HARQ disabled can be ignored. On the other hand, the T-DAI can still be updated since it may be beneficial to have the T-DAI indicating the total number of PDSCHs needing HARQ-ACK. Furthermore, other HARQ-ACK feedback related fields in the DCI scheduling GC-PDSCH with HARQ disabled may indicate valid information. For example, the PUCCH resource indicator field in the DCI may indicate a valid PUCCH resource for HARQ-ACK transmission. Therefore, although HARQ-ACK is not reported for the GC-PDSCH, the DCI can be used for triggering HARQ-ACK transmission for other GC-PDSCHs with HARQ enabled.
Proposal 9:  For Type 2 Codebook if HARQ is disabled by DCI for a GC-PDSCH, the C-DAI can for the GC-PDSCH can be ignored but the T-DAI is still indicated.

	Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 



In light of the above agreement if different priorities are supported and configured, then the DAI should be counted per G-RNTI per priority index. Similarly, concatenation should also be for each priority index. 
Proposal 10:  When UE is configured with more than one G-RNTI as well as more than one priority index, for Type 2 codebooks, DAI is separately counter per G-RNTI per priority index and the codebook concatenation is also per priority index. Same principle is also followed for NACK only feedback. 
PUCCH Configuration:
	Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.

Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
· FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast





For the FFS point in the second agreement above, when separate PUCCH-ConfigurationList is not configured for NACK-only feedback for multicast, the UE can re-use the PUCCH configuration for ACK/NACK based feedback for multicast. Alternatively, the configuration for unicast can be reused if PUCCH-ConfigurationList is not provided for multicast. Additionally, if high priority NACK-only feedback is configured, the UE expects to be configured with a separate PUCCH-ConfigurationList for NACK-only feedback.
Proposal 11:  If separate PUCCH-ConfigurationList is not configured for NACK-only feedback for multicast, the UE can re-use the PUCCH configuration for ACK/NACK based feedback for multicast
Proposal 12:  If high priority NACK-only feedback is configured, the UE expects to be configured with a separate PUCCH-ConfigurationList for NACK-only feedback
For PUCCH transmission which overlap in time, a dropping rule is used to drop the low priority HARQ. Additionally, multiplexing across priorities is not allowed in a single PUCCH occasion.
Proposal 13:  Multiplexing across priorities is not allowed in a single PUCCH occasion. For overlapping PUCCH transmissions in time, dropping rule is used. 

Proposal 14: For PUCCH resource selection the following rules can be considered for overlap involving different cases:
· If MBS and unicast have separate PUCCH-Configuration but with the same priority index and the PUCCH overlap in time, the PUCCH carrying the multiplexed HARQ-ACK feedback is from the PUCCH-Configuration of unicast for the corresponding priority. 
· If multicast ACK/NACK based feedback and NACK-only feedback have separate PUCCH-Configuration but with the same priority index and overlap in time for the PUCCH resources carrying the feedback, then the PUCCH resource carrying the multiplexed feedback is from the PUCCH-Configuration of the ACK/NACK based feedback. 
· If unicast ACK/NACK based feedback and multicast NACK-only feedback have separate PUCCH-Configuration but with the same priority index and overlap in time for the PUCCH resources carrying the feedback, then the PUCCH resource carrying the multiplexed feedback is from the PUCCH-Configuration of the ACK/NACK based feedback for unicast




HARQ priority is also applicable to the feedback for MBS SPS. If feedback for one MBS SPS overlaps with that of another MBS SPS or another unicast, similar priority handling rule is needed i.e., same priority feedback is handled together. SPS configuration of priority 0/1 maps to HARQ codebook of priority 0/1 respectively.
Proposal 15:  HARQ priority rules are also applicable to feedback for MBS SPS wherein SPS configuration of priority 0/1 maps to HARQ codebook priority 0/1 respectively. 

	Agreement:
The priority index is,
· for the second DCI format for GC-PDCCH, optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default. 
· for the first DCI format for GC-PDCCH, down-select from:
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format


The priority index for the first DCI format is always low priority since this DCI is generally used as a fallback option and there should be no motivation to additionally include priority indication in this DCI.
Proposal 16:  The priority index for first DCI format is not included in DCI and is always low priority.  
Similar to current, design, NR MBS should only support scheduling of priority index 1 using DCI format 1_1 or the second DCI format.
Proposal 17:  Scheduling of priority 1 MBS is possible using only the second DCI format (DCI 1_1)

2.1.4. HARQ Retransmission 

One major feature in NR is the introduction of CBG based retransmissions wherein UEs can signal which CBs failed and only those CBs need to be retransmitted instead of the entire TB. However, in the case of groupcast, each UE in the group might face independent CB failures and the entire TB will need to be retransmitted. Furthermore, retransmissions are also limited by the worst UEs in the group. To counter this, in case of ACK/NACK based HARQ, UE specific retransmission may be supported if PDCCH monitoring on USS is supported for NR MBS. In this case, gNB can retransmit failed CBGs to a single or smaller sub-group of UEs instead of retransmitting the entire TB. 

Proposal 18:  For ACK/NACK based HARQ operation, support UE specific CBG based retransmission. Other advanced retransmission schemes are not precluded.

3. Conclusions
In this paper, design options were proposed for reliability improvements for NR MBS. To this end, the following proposals were made:

Proposal 1:  For RRC_CONNECTED UEs receiving multicast supporting both ACK/NACK based and NACK-only HARQ feedback:
· ACK/NACK based feedback is used for delivery mode with PTP or PTM Scheme 2 (if supported)
· NACK only feedback is used for delivery modes 1 and 2 with PTM Scheme 1
· UEs within a group receiving multicast transmission can be configured with different HARQ feedback modes
Proposal 2:  For the case when unicast and MBS PDSCH partially overlap in time on different PRBs, out-of-order HARQ feedback may be supported wherein the HARQ feedback corresponding to the PDSCH ending earlier in time may be transmitted after the HARQ feedback for the PDSCH ending later in time
Proposal 3:  If RRC enables dynamic indication of HARQ on/off, UE always expects to be signaled with HARQ on/off in DCI i.e., there is no case where UE can ignore DCI based indication 
Proposal 4:  For NACK-only feedback RRC configures ON/OFF with no DCI based indication
Proposal 5:  For RRC_CONNECTED UEs, NR MBS supports both ACK/NACK based and NACK-only HARQ feedback. The configuration of ACK/NACK and NACK only mode can be done using the following options 
· Explicit configuration: Semi-static RRC configuration of ACK/NACK or NACK only mode
· Implicit configuration:
· The configured PUCCH resource can contain additional indication that the UE is expected to transmit only NACK on the configured resource
· If UE has no dedicated PUCCH resource configuration, the UE uses cell-specific PUCCH resource and is expected to only transmit NACK
Proposal 6:  If UE is configured one CB for multicast and one CB for unicast of different priorities, the pdsch-HARQ-ACK-Codebook configuration can include a priority indicator which applies to all multicast codebooks.
Proposal 7:  For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions, Alt 2 is supported
Proposal 8:  For Type 1 Codebook if HARQ is disabled by DCI for a GC-PDSCH, Type 1 codebook generation does not change, and padding NACK can be used such that CB size is same as in the case if HARQ-ACK feedback was enabled.
Proposal 9:  For Type 2 Codebook if HARQ is disabled by DCI for a GC-PDSCH, the C-DAI can for the GC-PDSCH can be ignored but the T-DAI is still indicated
Proposal 10:  When UE is configured with more than one G-RNTI as well as more than one priority index, for Type 2 codebooks, DAI is separately counter per G-RNTI per priority index and the codebook concatenation is also per priority index. Same principle is also followed for NACK only feedback
Proposal 11:  If separate PUCCH-ConfigurationList is not configured for NACK-only feedback for multicast, the UE can re-use the PUCCH configuration for ACK/NACK based feedback for multicast
Proposal 12:  If high priority NACK-only feedback is configured, the UE expects to be configured with a separate PUCCH-ConfigurationList for NACK-only feedback
Proposal 13:  Multiplexing across priorities is not allowed in a single PUCCH occasion. For overlapping PUCCH transmissions in time, dropping rule is used
Proposal 14:  For PUCCH resource selection the following rules can be considered for overlap involving different cases:
· If MBS and unicast have separate PUCCH-Configuration but with the same priority index and the PUCCH overlap in time, the PUCCH carrying the multiplexed HARQ-ACK feedback is from the PUCCH-Configuration of unicast for the corresponding priority. 
· If multicast ACK/NACK based feedback and NACK-only feedback have separate PUCCH-Configuration but with the same priority index and overlap in time for the PUCCH resources carrying the feedback, then the PUCCH resource carrying the multiplexed feedback is from the PUCCH-Configuration of the ACK/NACK based feedback. 
· If unicast ACK/NACK based feedback and multicast NACK-only feedback have separate PUCCH-Configuration but with the same priority index and overlap in time for the PUCCH resources carrying the feedback, then the PUCCH resource carrying the multiplexed feedback is from the PUCCH-Configuration of the ACK/NACK based feedback for unicast
Proposal 15:  HARQ priority rules are also applicable to feedback for MBS SPS wherein SPS configuration of priority 0/1 maps to HARQ codebook priority 0/1 respectively
Proposal 16:  The priority index for first DCI format is not included in DCI and is always low priorit
Proposal 17:  Scheduling of priority 1 MBS is possible using only the second DCI format (DCI 1_1)
Proposal 18:  For ACK/NACK based HARQ operation, support UE specific CBG based retransmission. Other advanced retransmission schemes are not precluded
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