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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN#88-e, a new work item focused on developing technical solutions for enabling multicast and broadcast services in NR has been discussed and agreed [1]. One of the objectives in WID as mentioned above is to specify RAN basic functions for broadcast/multicast services (MBS) for UEs in RRC_CONNECTED state. 
· 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 contribution, we will provide some potential mechanisms to improve reliability for RRC_CONNECTED UEs in NR multicast. This contribution mainly discusses the design of HARQ feedback for NR multicast, including feedback mode, resource configuration, multiplexing, and then discusses the prioritization and multiplexing rules for NR multicast services based on the priority based framework in URLLC Rel-16 and potential enhancements in URLLC Rel-17 [2].
[bookmark: _Ref129681832]Motivation 
HARQ feedback is widely used in NR unicast and it can improve transmission efficiency and reliability. In NR, some multicast services are of great importance and it’s necessary for gNB to ensure that each UE receives important multicast data successfully. The foregoing can be supported by using HARQ feedback for NR multicast. If HARQ feedback is introduced for NR multicast, gNB could choose higher order modulation and higher code rate for initial multicast transmission because of retransmission which increases spectrum efficiency. The initial performance simulation results are shown in Figure 1, where the availability, i.e., percentage of UEs meeting latency and reliability requirements, of the multicast service of live video can be guaranteed for NR multicast with HARQ by using the lowest resource utilization (RU) ratio. For more and details about the performance simulation for NR multicast can be found in [3].
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[bookmark: _Ref46416655]Figure 1: Availability and RU for 700 MHz carrier frequency

Observation 1: NR MBS combined with HARQ can significantly reduce the resource utilization ratio while guaranteeing the service latency and reliability requirements. 
Proposal 1: HARQ mechanism should be introduced for NR MBS at least for UEs in RRC CONNECTED. 
Discussion
To ensure reliable and efficient reception of MBS sessions by UEs in RRC_CONNECTED states, HARQ feedback can be introduced in NR multicast. We now discuss two options for HARQ feedback for NR MBS. 
Option 1: ACK/NACK feedback mode
In HARQ feedback for NR unicast, a UE chooses a PUCCH resource to feedback ACK/NACK. In HARQ feedback for NR multicast, one option is that the HARQ feedback for NR multicast takes the HARQ feedback procedure for NR unicast as a baseline.
When a UE in RRC_CONNECTED state receives a PDSCH of MBS, UE will feedback an ACK for receiving PDSCH successfully or a NACK for not receiving PDSCH successfully in form of UCI information. Before feedback, UE will choose a PUCCH resource set according to the size of UCI information. By the PUCCH resource indicator in the DCI which schedules the PDSCH of MBS, UE chooses a specific PUCCH resource from the resource set chosen before to carry the UCI information. In addition, gNB can perform unicast based retransmissions based on the feedbacks on each UE’s PUCCH resource, or gNB will perform a multicast based retransmission as long as it receives at least one NACK feedback.
From the mechanism described above, HARQ feedback for NR MBS with option 1 can almost reuse the framework of the HARQ feedback procedure and configuration for NR unicast. HARQ codebook multiplexing with unicast can also be straightforward. One potential drawback is that large HARQ feedback overhead is consumed in case of a large number of RRC CONNECTED UEs receiving NR MBS, but mechanisms to reduce the HARQ overhead could be considered for option 1. 
Observation 2: The ACK/NACK feedback mode for NR MBS can reuse the procedure and configuration of HARQ feedback for NR unicast, but may lead to large feedback overhead.
Option 2: NACK-only feedback mode
Another mode that multiple UEs share a common NACK resource can be considered for HARQ feedback of NR MBS. 
With NACK only feedback mode (option 2), UE feeds back NACK if it does not receive the corresponding PDSCH of MBS successfully, and it feeds back nothing otherwise which saves resources of HARQ feedback. Therefore, gNB could configure a PUCCH resource which only carries NACK sequences to support this option. In addition, when gNB receives at least one NACK feedback at the NACK resource, e.g., by energy detection, gNB will perform a multicast based retransmission, since gNB cannot know which UE feeds back the NACK. 
From the mechanism described above, HARQ feedback for NR MBS with option 2 can save HARQ feedback overhead compared to option 1 by configuring a common NACK resource to multiple UEs. However, gNB cannot differentiate the UE reporting NACK from these multiple UEs. Moreover, it may be not easy to reuse unicast HARQ framework directly either, and the multiplexing among unicast and multicast HARQ feedbacks needs to be also considered.  
Observation 3: NACK-only feedback mode can save feedback overhead by letting multiple UEs share a common NACK resource, but may be not able to reuse unicast HARQ framework directly.
To summarize, both ACK/NACK feedback mode and NACK-only feedback mode have pros and cons compared with each other.  Option 1 is more compatible with the unicast mechanism and could be adopted for NR MBS as the baseline solution. Option 2 is more appropriate for use cases with a large number of UEs receiving MBS, and is also applicable to RRC IDLE/INACTIVE UEs. Option 2 can be a complementary solution besides option 1. 
Proposal 2: ACK/NACK feedback mode should be adopted to NR MBS as baseline.
Proposal 3: NACK-only feedback mode could apply to use cases for a large number of UEs and even IDLE/ INACTIVE states.
Priority and multiplexing rules
NR multicast can be applied to diverse use cases, including V2X, public safety, live video, etc. These use cases have different requirements about latency and reliability as shown in Table 1. 
Table 1. Requirements for different MBS use cases
	MBS use cases
	Latency
	Reliability

	V2X
	5-100ms
	90% to 99.9999%

	Live Video
	150ms
	99.9%

	IOT Software update
	Latency Tolerant
	Higher reliability is beneficial

	Industry applications
	0.5ms
	99.9999%



For example, use cases with same requirement for reliability have different requirement for latency, such as V2X and industry applications and vice versa. To meet these latency and reliability requirements, it is not enough to introduce only HARQ feedback when MBS feedback conflicts with other feedback or uplink transmissions. It is necessary to introduce some prioritizations and multiplexing rules among different MBS priorities and among MBS and unicast priorities.
Intra-UE prioritization/multiplexing rules and the related priority indication and configuration schemes have been already introduced in NR Rel-16 URLLC, and multiplexing rules with different priorities will be discussed in NR Rel-17 URLLC. 
Therefore, priority indication and/or configuration schemes should be introduced for NR MBS. Moreover, the prioritization and multiplexing rules defined in URLLC can be the starting point for NR MBS.  
Proposal 4: Priority indication and/or configuration schemes should be introduced for NR MBS. The prioritization and multiplexing rules defined in URLLC can be the starting point for NR MBS. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the following proposals are made:
Observation 1: NR MBS combined with HARQ can significantly reduce the resource utilization ratio while guaranteeing the service latency and reliability requirements. 
Proposal 1: HARQ mechanism should be introduced for NR MBS at least for UEs in RRC CONNECTED. 
[bookmark: _GoBack]Observation 2: The ACK/NACK feedback mode for NR MBS can reuse the procedure and configuration of HARQ feedback for NR unicast, but may lead to large feedback overhead.
Observation 3: NACK-only feedback mode can save feedback overhead by letting multiple UEs share a common NACK resource, but may be not able to reuse unicast HARQ framework directly.
Proposal 2: ACK/NACK feedback mode should be adopted to NR MBS as baseline.
Proposal 3: NACK-only feedback mode could apply to use cases for a large number of UEs and even IDLE/ INACTIVE states.
Proposal 4: Priority indication and/or configuration schemes should be introduced for NR MBS. The prioritization and multiplexing rules defined in URLLC can be the starting point for NR MBS. 
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