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1. Introduction 

In RAN1#102-e and #103-e meeting, we have the following agreements for UE feedback of Multicast RRC_CONNECTE UEs.

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.
Agreements:

· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 

· FFS: whether enhancement is needed
Agreements:

· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.

· FFS: whether enhancement is needed.

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 document, we will present our views on the details of UE feedback and retransmission to improve reliability for Multicast RRC_CONNECTED UEs.

2. Discussion 

2.1 HARQ operation

In previous RAN1 meeting, there are a lot of discussion on the following two modes for MBS HARQ-ACK feedback.
· Mode 1: ACK/NACK based HARQ-ACK feedback for multicast 

· Mode 2: NACK-only based HARQ-ACK feedback for multicast
Mode 1 is more similar as the exiting HARQ ACK/NACK for unicast communication could be the baseline for the UL feedback of multicast transmission. However, in case of a large number of recipients of the multicast communication, if every receiving UE sends HARQ feedback in terms of ACK/NACK, there may be lot of ACK transmissions; also it may not be always necessary for gNB to identify which UE has received the multicast transmission correctly. With the aim of reducing the uplink L1 signalling overhead, group NACK by using shared resources can be utilised. However, the reliability of energy detection for group NACK in the shared resources may be different from that of legacy UE-specific ACK/NACK. Further comparison between Mode 1 and Mode 2 is in Table 1.

Table 1 Comparison of UE-specific ACK/NACK and Group NACK based feedback
	HARQ feedback
	Pros
	Cons

	Mode 1: 
UE-specific ACK/NACK
	Easy to reuse unicast feedback framework. 

Possible to multiplex with unicast feedback.
	Large overhead in case of a large number of UEs.

	Mode 2: 
Group NACK
	Minimize the feedback overhead by using shared resources.
	Unable to differentiate UEs if NACK on shared resources.
Unable to multiplex with unicast feedback.
Unable to identify if the UE missed PDCCH


When comparing the Mode 1 and Mode 2, we see different pros/cons. The Mode 1 of UE-specific ACK/NACK feedback is to reuse the existing HARQ ACK/NACK for unicast as much as possible. But the concern would be the UE-specific PUCCH overhead for a large number of UEs. As we have already agreed to support simultaneous reception of unicast and multicast in a slot by using TDM and/or FDM subject to the UE capability. For some UE, it is efficient to consider multiplexing the HARQ-ACK feedback for unicast and multicast if scheduled in same slot. We have agreed to use GC-PDCCH to schedule GC-PDSCH for multicast transmission [1]. However, the scheduling of PUCCH resource (such as PRI, K1 and TPC) indicated in GC-PDCCH may need separate parameters for different UEs. For UE-specific ACK/NACK, the PUCCH indicated by a single field (codepoint) may correspond to a separate RRC configurations for different UEs. 
The Mode 2 of group NACK feedback is to compress the feedback of different multicast UEs. The NACK information is sufficient for gNB to determine whether to schedule multicast retransmission or not. The UE could use the allocated PUCCH for NACK only and save UE power by not sending ACK feedback. Although the group NACK is to use a shared PUCCH resource for multiple UEs, the different types of UEs may have to use different PUCCH resources, such as the PUCCH on FDD UL band and PUCCH on TDD UL/DL band. It may require more than one field in GC-PDCCH to allow different scheduling. Further discussion is needed to tradeoff between the flexibility and DCI overhead.

The two feedback modes can be complementary to each other in different scenarios. We prefer to support both. The configuration of feedback mode can be per service or per UE. For example, a UE with bad SINR can be configured to use Mode 1. Based on the ACK/NACK feedback, gNB can schedule PTP with beam forming for retransmission; otherwise, Mode 2 can be used to save the power of ACK feedback. 

Proposal 1: For RRC_CONNECTED UEs, support both group NACK and UE-specific ACK/NACK for HARQ feedback.
· Support selection of UE-specific ACK/NACK and NACK-only for different UEs in the same group
For the ACK/NACK-based feedback, we have agreed to consider the following options of the MBS PUCCH resource allocation. Option 2 is simpler for codebook design. But compared with Option 1, Option 2 costs more UL resources. If UE can only support one PUCCH per slot, joint feedback of unicast and multicast on a shared PUCCH resource is better than dropping one in case of collision. Therefore, Option 3 is preferred to provide the scheduling flexibility for UEs with different capability and variant unicast traffic load.   

· 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

Proposal 2: For RRC_CONNECTED UEs, PUCCH resource allocation for MBS ACK/NACK feedback can be shared or separate from HARQ-ACK feedback for unicast.
Other aspects on the HARQ-ACK feedback codebook need to be discussed for multicast transmission, e.g., whether to apply the codebook Type 1, 2, or 3 for multicast transmission in a similar way as that of unicast transmission.  So far, we have agreed to support Type 1 and 2 for MBS UE-specific ACK/NACK feedback. In addition, the HARQ-ACK codebook Type 3 could be considered for aperiodic multicast feedback in at least (not limited to) unlicensed band. Note that the MBS transmission in unlicensed band is within the scope of the WI. If a UE can multiplex multicast and unicast HARQ-ACK feedback together, whether to use a joint HARQ-ACK feedback codebook or concatenated codebooks is an issue to consider.
Proposal 3: For RRC_CONNECTED UEs, also support Type 3 HARQ-ACK codebook for multicast ACK/NACK based HARQ-ACK feedback.
Proposal 4: Support multiplexing of UE-specific ACK/NACK for unicast and multicast transmission based on UE capability.

· FFS: Type 1, 2, 3 HARQ-ACK codebook for multiplexing unicast and multicast feedback
Enabling/disabling of HARQ-ACK feedback can be considered via RRC signaling. The selection of the HARQ-ACK feedback mode could be dependent on how to enable/disable HARQ-ACK for different users/services: 
· Opt1: configure HARQ-ACK for a given a service

· Opt2: configure HARQ-ACK for a given UE receiving a service
The motivation is unclear to support dynamic signaling in DCI to enable/disable HARQ-ACK feedback. In addition, the dynamic way would result in ambiguous UE behavior when having PDCCH false detection or PDCCH feedback on/off, which should be carefully considered.
Proposal 5: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled at least by RRC signaling.

· The configuration of HARQ-ACK feedback can be configured for a given G-RNTI (corresponding to a service) or for a UE receiving a service.
· FFS: by DCI or MAC-CE
2.2 GC-PDSCH repetition

RAN1 has agreed to support GC-PDSCH repetition to improve reliability. In NR, the number of unicast PDSCH repetitions can be semi-statically configured or dynamically indicated by unicast DCI. For multicast, it is possible to support semi-static and dynamic configuration of GC-PDSCH repetitions in a similar way as unicast PDSCH. But the repetition value configured for multicast GC-PDSCH could be different than that of unicast. If a UE is belonging to more than one multicast group, it is reasonable to apply independent repetition configuration for GC-PDSCH with different G-RNTIs. In addition, the repetition for SPS GC-PDSCH can be different from dynamic GC-PDSCH. For unicast PDSCH, the semi-static and dynamic repetition is not applied to the same UE. Therefore, the semi-static and dynamic repetition for multicast is not simultaneously configured for the GC-PDSCH associated with same G-RNTI. 
Proposal 6: Support independent repetition configuration for GC-PDSCH with different G-RNTIs.
Proposal 7: Support independent repetition configuration for dynamic GC-PDSCH and SPS GC-PDSCH.
Proposal 8: Support semi-static and dynamic slot-level repetition for GC-PDSCH by using existing schemes for unicast PDSCH repetition indication.
· Semi-static and dynamic repetitions for GC-PDSCH are not simultaneously configured for the GC-PDSCH associated with same G-RNTI
2.3 CSI acquisition

In last RAN1 meeting, we have agreed that the existing CSI measurement/reporting framework can be largely reused for multicast communication, but some modifications may be needed. 

In NR, the CSI-RS is transmitted in the active BWP. The CSI-RS for multicast transmission should be limited within the MBS BWP, which is the subband of a UE’s active dedicated BWP. If the dedicated BWPs are different per UE, the CSI-RS if out of the common frequency resource may be out of another UE’s dedicated BWP. The common CSI-RS should be transmitted to a group of UE, rather than sending CSI-RS per UE. In addition, the multicast beam to a group of UEs would be different from unicast one. The CSI-RS dedicated to the MBS transmission should be configured for CSI measurement. 

For legacy CSI-RS configuration, the CSI-RS power is defined relative the PDSCH DMRS configured per dedicated BWP for RRC_CONNECTED UEs. In case of CSI-RS for multicast, the CSI-RS power should be common for the group UEs. Therefore, the common CSI-RS power needs to be associated with GC-PDSCH DMRS, instead of unicast PDSCH DMRS. 
Proposal 9: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS BWP.
· CSI-RS bandwidth is limited within the MBS BWP.

· CSI-RS power is associated with GC-PDSCH power.
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(a) UL Grant to trigger A-CSI-RS for multicast transmission 
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(b) DL Grant to trigger A-CSI-RS for multicast transmission
Figure 2 UL Grant vs. DL grant to trigger A-CSI-RS for multicast transmission
The existing procedure for CSI measurement/reporting is designed mainly for single UE case. How to efficiently trigger CSI-RS transmission and CSI reporting for a group of multicast UEs need to be further studied.  

In NR, UE-specific UL grant is used to trigger aperiodic CSI-RS transmission, where the A-CSI-RS will be transmitted after the PDCCH slot carrying UL grant with an RRC-configured time offset. Following the legacy A-CSI-RS procedure, the gNB has to send multiple UL grants for every UE in a multicast group to trigger multiple A-CSI-RS transmissions. As shown in Figure 2(a), two A-CSI-RSs are to be transmitted for UE1 and UE2 in the MC BWP. More users in the multicast group will result in significant DL CSI-RS overhead. 

A more efficient way is to use group-common DL grant (GC-PDCCH to schedule GC-PDSCH) to trigger one A-CSI-RS transmission. As shown in Figure 2(b), the A-CSI-RS transmitted by gNB is used for a group of multicast UEs. Based on the common A-CSI-RS, each UE can report CSI measurement results on per-UE PUSCH scheduled by gNB separately. 

Proposal 10: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS BWP.
For multicast communication, the beam for multicast transmission may be different from that of unicast communication to a particular UE. As illustrated in Figure 3, the multicast beam may be transmitted from multiple cells in an SFN area. The configuration of the DL TRS/CSI-RS for TCI states for GC-PDCCH/PDSCH would be separate from unicast one. 
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Figure 3 Multicast beam vs. unicast beam
For multicast beam operation, the CSI report is needed, and the corresponding beam management is different than unicast one. The beam failure detection for multicast is associated with GC-PDCCH/GC-PDSCH in the MBS BWP. When a UE fails to receive the unicast PDCCH, the UE would trigger the beam failure and recovery over PRACH or PUCCH. For RRC_CONNONECTED UEs, the unicast connection is the pre-condition to receive multicast control and data. When a UE detects multicast beam failure, the beam recovery for multicast transmission can be assisted by using unicast connection for Multicast RRC_CONNECTED UEs, i.e., the link radio recovery (LRR) and LRR response are via unicast link by serving cell. 
Proposal 11: For RRC_CONNECTED UEs, support beam management for multicast assisted by unicast connection.
Besides DL CSI-RS-based scheme, CSI can be achieved by the measurement based on UL reference signal. When gNB with significant large antenna arrays in TDD band, the UL SRS-assisted CSI for multicast is also a candidate to simplify the UE complexity on the CSI measurement and reporting. The SRS is transmitted in the MBS BWP. The tradeoff between CSI feedback overhead and CSI accuracy for different feedback information should be taken into consideration in case of the multicast communication.
Proposal 12: Consider SRS configuration for CSI measurement of multicast transmission in MBS BWP.
3. Conclusion

In this contribution, we discussed various aspects related to UE feedback for NR multicast with the following proposals: 
For HARQ-ACK operation,

Proposal 1: For RRC_CONNECTED UEs, support both group NACK and UE-specific ACK/NACK for HARQ feedback.
· Support selection of UE-specific ACK/NACK and NACK-only for different UEs in the same group
Proposal 2: For RRC_CONNECTED UEs, PUCCH resource allocation for MBS ACK/NACK feedback can be shared or separate from HARQ-ACK feedback for unicast.
Proposal 3: For RRC_CONNECTED UEs, also support Type 3 HARQ-ACK codebook for multicast ACK/NACK based HARQ-ACK feedback.
Proposal 4: Support multiplexing of UE-specific ACK/NACK for unicast and multicast transmission based on UE capability.

· FFS: Type 1, 2, 3 HARQ-ACK codebook for multiplexing unicast and multicast feedback
Proposal 5: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled at least by RRC signaling.

· The configuration of HARQ-ACK feedback can be configured for a given G-RNTI (corresponding to a service) or for a UE receiving a service.
· FFS: by DCI or MAC-CE
For GC-PDSCH repetition,

Proposal 6: Support independent repetition configuration for GC-PDSCH with different G-RNTIs.
Proposal 7: Support independent repetition configuration for dynamic GC-PDSCH and SPS GC-PDSCH.
Proposal 8: Support semi-static and dynamic slot-level repetition for GC-PDSCH by using existing schemes for unicast PDSCH repetition indication.
· Semi-static and dynamic repetitions for GC-PDSCH are not simultaneously configured for the GC-PDSCH associated with same G-RNTI

For CSI acquisition,

Proposal 9: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS BWP.
· CSI-RS bandwidth is limited within the MBS BWP.

· CSI-RS power is associated with GC-PDSCH power.
Proposal 10: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS BWP.
Proposal 11: For RRC_CONNECTED UEs, support beam management for multicast assisted by unicast connection.

Proposal 12: Consider SRS configuration for CSI measurement of multicast transmission in MBS BWP.
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