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1. Introduction 

Rel-17 WID of NR Multicast and Broadcast Services includes following set of objectives [1]: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·     Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

·     Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
·     Specify support for basic mobility with service continuity [RAN2, RAN3]

·     Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [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]

·     Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

·     Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In this document, we will present our initial views on the UE feedback to improve reliability of multicast/broadcast for Multicast RRC_CONNECTED UEs.

2. Discussion 

2.1 HARQ operation

The UE feedback to gNB about the multicast reception is essential for the multicast services to satisfy the QoS requirement. For RRC_CONNECTED UEs, the support of HARQ feedback and retransmissions of multicast PDSCH is useful to perform link adaptation and to improve transmission efficiency and reliability. Here, we consider the following two options for HARQ-ACK mechanism:

· Mode 1: UE-specific ACK/NACK based
· A UE sends ACK if a packet is correctly received, or NACK if incorrectly received. Each UE has a separate resource to transmit ACK/NACK.

· Mode 2: Group NACK based
· A UE sends NACK if packet is incorrectly received and does not send anything if a packet is correctly received. Multiple UEs may share the same resource to transmit NACK.

The exiting HARQ ACK/NACK for unicast communication can 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, there will 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.


The selection of the HARQ-ACK feedback mode is dependent on how to enable/disable HARQ-ACK for different users/services, which may need further discussion, e.g., 
· How/whether to enable HARQ-ACK for a given a service

· How/whether to enable HARQ-ACK for a given UE receiving a service
On the other hand, different modes of UE feedback enable gNB to schedule different alternatives of the multicast retransmission:

Alt1: Autonomous/blind retransmission with no feedback or with feedback for aggregated PDSCH
· The transmitter may retransmit the data autonomously without waiting for feedback or bundled feedback for aggregated set of PDSCH for same TB.
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Alt2: Multicast retransmission based on group NACK
· The transmitter may retransmit the data if there is a NACK from at least one UE which couldn’t decode the data successfully.
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Alt3: Retransmission can be multicast or unicast based on UE-specific ACK/NACK feedback
· The transmitter may retransmit the data by using G-RNTI PDSCH or C-RNTI PDSCH, e.g., based on the number of UEs that failed to receive the initial transmission.
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Proposal 1: Introduce the support for HARQ-ACK feedback and retransmissions for multicast.
· Further compare the group NACK and UE-specific ACK/NACK for HARQ feedback and corresponding retransmission.

As discussed in our companion contribution [3], some of the multicast delivery options in [4] for RAN2 discussion may have impact on multicast L1 HARQ operation. To support simultaneous reception of multicast and unicast, RAN1 needs to consider the interactions between unicast and multicast HARQ processes, e.g. how to manage/allocate the HARQ processes for multicast and unicast. To support flexible multicast/unicast scheduling for initial/retransmission, multicast and unicast may need to share the same set of HARQ processes and RAN1 needs to consider the required configuration.

Proposal 2: Further discuss the interactions between unicast HARQ and multicast HARQ operation, including:

· Aspects related to HARQ process management between unicast and multicast.
· Unicast HARQ retransmission of a TB initially transmitted by multicast.

2.2 CSI acquisition

CSI acquisition can be facilitated by the measurement based on DL reference signal and CSI feedback mechanism designs. The information, including CQI, PMI, RI, RSRP/RSRQ, SINR, SRI, CRI, interference condition, need to be studied in the case of multicast transmission. Such types of feedback could improve performance through adaptive link adaptation in a changing communication environment or to assist the management/operation of UE grouping. The existing CSI measurement/reporting framework can be largely reused for multicast communication, but small modifications may be needed. 

For example, RAN1 may need to discuss 
· For multicast communication, we need to consider the CSI measurement for a small-area SFN from a set of TRPs to a group of UE. The beam for multicast transmission may be different from that of unicast communication to a particular UE. The configuration of the DL TRS/CSI-RS for TCI states for multicast PDCCH/PDSCH may need to be separate from unicast one.
· For multicast beam management, the CSI report is needed. But it is possible to improve the efficiency with the assistance of unicast connection.
· The existing procedure for CSI measurement/reporting is designed mainly for single UE case. How to efficiently trigger CSI measurement/reporting for a group of multicast UEs need to be further studied.  

· The tradeoff between CSI feedback overhead and CSI accuracy for different feedback information should be taken into consideration in case of the multicast communication. In the case of 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.
Proposal 3: RAN1 to discuss how to adapt the CSI measurement/reporting framework for efficient operation with multicast transmission.
3. Conclusion

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

Proposal 1: Introduce the support for HARQ-ACK feedback and retransmissions for multicast.
· Further compare the group NACK and UE-specific ACK/NACK for HARQ feedback and corresponding retransmission.

Proposal 2: Further discuss the interactions between unicast HARQ and multicast HARQ operation, including:

· Aspects related to HARQ process management between unicast and multicast.

· Unicast HARQ retransmission of a TB initially transmitted by multicast.

Proposal 3: RAN1 to discuss how to adapt the CSI measurement/reporting framework for efficient operation with multicast transmission.
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