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1. Introduction 

In RAN1#104-e meeting, we have the following agreements for UE feedback of Multicast RRC_CONNECTE UEs.

Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 

· Lower, higher than or equal to the HARQ-ACK feedback for unicast

· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE

· FFS: The total number of priorities across multicast and unicast

· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 

· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 

· FFS details on concatenating the codebooks. 

· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:

· ACK/NACK based HARQ-ACK feedback for multicast, 

· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 

· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 

· FFS details. 

Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,

· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 

· FFS whether it is subject to UE capability.

· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported

· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 

· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 

· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

Agreement:
For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.

· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 

· FFS details on RRC signalling and DCI indicating. 

· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.

· FFS whether enabling or disabling the feedback is the default mode. 

· Option 2: RRC indicates enabling/disabling.

· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 

· FFS: enabling/disabling by MAC-CE.

Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,

· (Config A) UE can be optionally configured with pdsch-AggregationFactor.

· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 

If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
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 NACK-only HARQ feedback
In this section, we will discuss whether to support Mode 2 in addition to Mode 1.
· Mode 1: ACK/NACK based HARQ-ACK feedback for multicast 

· Mode 2: NACK-only based HARQ-ACK feedback for multicast
Mode 2 is beneficial to reduce the UE power consumption and minimize the feedback overhead. Different than unicast, it may not be always necessary for gNB to identify which UE has received the multicast transmission correctly. We have agreed to use GC-PDCCH to schedule GC-PDSCH for multicast transmission [1]. Relative to the separate PUCCH resources required for UE-specific ACK/NACK, a common PUCCH resource can be shared among the multicast UEs for group NACK feedback with significantly reduced overhead for a large group of UEs. 

There are some concerns on Mode 2 discussed in last RAN1 meeting. One issue is the destructive channel sum effect of the same signal received at gNB side. We think the fading channel per UE is Raileigh distribution, e.g., based on complex zero-mean Gaussian random variables. The added channel of the SFN-based NACK transmission is still Raileigh distributed, and the transmission from multiple UEs will increase the power and improve the detection performance. Even if the channel is an LOS channel, the UE transmissions will arrive at the gNB with different timing due to imperfect TAs, and will contribute to multiple paths at the gNB receiver side – and thus will not result in destructive interference. Another issue is the PDCCH DTX. The degradation is expected to be minor since the percentage of DTX only is relatively very small. Lastly, for the receiver design, the threshold for detection can be based on a PUCCH dimension over which the gNB knows there is no signal transmitted, e.g. unused sequence(s)/cyclic shifts, more accurate than energy detection. In case of V2X groupcast, multiple cyclic shifts can be used for different UEs in same group, but the noise may be overestimated due to some common sequence among the groups selected by different transmitter UEs. In case of multicast, there is no such issue because the sequence allocation is fully under the gNB control.
Therefore, the two feedback modes can be complementary to each other in different scenarios. Our preference is 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 NACK-only for multicast HARQ feedback.
· Support selection of UE-specific ACK/NACK and NACK-only for different UEs in the same group
2.2 HARQ-ACK Codebook
In this section, we discuss the details of the HARQ-ACK codebook design in case of the multiplexing of ACK/NACK-based feedback between unicast PDSCH and multicast GC-PDSCH or multiple GC-PDSCHs. The legacy mechanism could be reused as much as possible and the PUCCH resource can be determined by the PRI in the latest DCI of unicast or multicast. 
For Type-1 HARQ-ACK codebook, the HARQ-ACK information bits are concatenated by appending the multicast after unicast based on X-RNTI, e.g., the bit for C-RNTI is before that of G-RNTI(s), the bit for G-RNTI1 is before G-RNTI2.  

For Type-2 HARQ-ACK codebook, the number of HARQ-ACK bit(s) and the bit order for multicast are based on the DAI(s) of the DL DCI(s) for multicast. Each multicast GC-PDSCH with the associated G-RNTI has a separate DAI. 
Proposal 2: For multiplexing of ACK/NACK feedback for unicast + multicast, or multicast + multicast
· PUCCH resource is determined by the PRI in the latest DCI of unicast or multicast
· For Type-1 codebook, HARQ-ACK information bits are concatenated by appending multicast after unicast based on X-RNTI (C-RNTI for unicast, G-RNTI1, G-RNTI2… for multicast).

· For Type-2 codebook, the number of HARQ-ACK bit(s) and the bit order for multicast are according to the DAI of DL DCI per multicast G-RNTI.
Other aspects on the HARQ-ACK feedback codebook need to be discussed include whether to apply the codebook other existing HARQ-ACK codebooks for multicast transmission in a similar way as that of unicast transmission. For example, 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. 
Proposal 3: For RRC_CONNECTED UEs, also support Type 3 HARQ-ACK codebook for multicast ACK/NACK based HARQ-ACK feedback.

2.3 Enabling/disabling of HARQ feedback

Among the options for enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.

· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 

· FFS details on RRC signalling and DCI indicating. 

· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.

· FFS whether enabling or disabling the feedback is the default mode. 

· Option 2: RRC indicates enabling/disabling.

· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 

· FFS: enabling/disabling by MAC-CE.

We think Option 2 is sufficient for the multicast use case. 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 4: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled 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.
2.4 SPS GC-PDSCH repetition

RAN1 has agreed to support semi-static or dynamic configuration of GC-PDSCH repetition. We would like to clarify that the scheme can be applied to dynamic GC-PDSCH as well as SPS GC-PDSCH. The repetition value configured for dynamic GC-PDSCH could be different than that of SPS GC-PDSCH. Similar as dynamic GC-PDSH, the semi-static repetition and dynamic repetition is not simultaneously applied to the same SPS GC-PDSCH. 
Proposal 5: Support semi-static and dynamic slot-level repetition for SPS GC-PDSCH for RRC_CONN UEs receiving multicast.
· Repetition configuration for SPS GC-PDSCH can be different than that of dynamic GC-PDSCH.

2.5 PUCCH resources of SPS GC-PDSCH feedback

For Rel-16 unicast PDSCH, multiple PUCCH resources in SPS-PUCCH-AN-List are commonly configured for all SPS PDSCH configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size. For multicast SPS GC-PDSCH, the PUCCH resources for HARQ-ACK feedback can be:
· Opt1: a separate SPS-PUCCH-AN-List for multicast is configured common for all SPS GC-PDSCH configurations, different than that of SPS PDSCH configurations.
· Opt2: a common SPS-PUCCH-AN-List is configured for all SPS PDSCH and SPS GC-PDSCH configurations 
· Opt2 can be used by default if Opt1 is not configured.
Proposal 6: For ACK/NACK-based feedback of RRC_CONNECTED UEs receiving SPS GC-PDSCH, 
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS GC-PDSCH configurations. 
· Otherwise, a common SPS-PUCCH-AN-List applies to all SPS PDSCH and SPS GC-PDSCH configurations.
2.6 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. 

The multicast beam is targeting a group of UE, different than that of unicast beam. The CSI-RS for multicast beam measurement should be limited within the MBS CFR, so that common CSI-RS is shared among the UE group. The CSI-RS if out of the CFR cannot be group-common since it may be out of some UE’s dedicated BWP. From network point of view, it is too much overhead to send UE-specific CSI-RS for the multicast 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 7: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS CFR.
· CSI-RS bandwidth is limited within the MBS CFR.

· 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 8: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS CFR.
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_CONNECTED 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 9: 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 10: Consider SRS configuration for CSI measurement of multicast transmission in MBS CFR.
3. Conclusion

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

Proposal 1: For RRC_CONNECTED UEs, support NACK-only for multicast HARQ feedback.
· Support selection of UE-specific ACK/NACK and NACK-only for different UEs in the same group
For HARQ-ACK codebook,

Proposal 2: For multiplexing of ACK/NACK feedback for unicast + multicast, or multicast + multicast
· PUCCH resource is determined by the PRI in the latest DCI of unicast or multicast
· For Type-1 codebook, HARQ-ACK information bits are concatenated by appending multicast after unicast based on X-RNTI (C-RNTI for unicast, G-RNTI1, G-RNTI2… for multicast).

· For Type-2 codebook, the number of HARQ-ACK bit(s) and the bit order for multicast are according to the DAI of DL DCI per multicast G-RNTI.
Proposal 3: For RRC_CONNECTED UEs, also support Type 3 HARQ-ACK codebook for multicast ACK/NACK based HARQ-ACK feedback.

For enabling/disabling of HARQ feedback,

Proposal 4: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled 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.
For SPS GC-PDSCH repetition,

Proposal 5: Support semi-static and dynamic slot-level repetition for SPS GC-PDSCH for RRC_CONN UEs receiving multicast.
· Repetition configuration for SPS GC-PDSCH can be different than that of dynamic GC-PDSCH.

For PUCCH resources of SPS GC-PDSCH feedback,

Proposal 6: For ACK/NACK-based feedback of RRC_CONNECTED UEs receiving SPS GC-PDSCH, 
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS GC-PDSCH configurations. 

· Otherwise, a common SPS-PUCCH-AN-List applies to all SPS PDSCH and SPS GC-PDSCH configurations.
For CSI acquisition,

Proposal 7: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS CFR.
· CSI-RS bandwidth is limited within the MBS CFR.

· CSI-RS power is associated with GC-PDSCH power.
Proposal 8: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS CFR.
Proposal 9: For RRC_CONNECTED UEs, support beam management for multicast assisted by unicast connection.

Proposal 10: Consider SRS configuration for CSI measurement of multicast transmission in MBS CFR.
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