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Introduction
In RAN#86 meeting, a new WID on NR Multicast and Broadcast Services was agreed. This study is to enable general MBS services over 5GS and the uses cases of public safety and mission critical, such as V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications.  One of the objective of this study is to [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]
 
In this contribution, we will discuss the mechanism to improve reliability of Broadcast/Multicast service for RRC-CONNECTED UEs. 
Discussion
For wireless communication, there are several ways to improve reliability, such as by MCS adjustment, HARQ retransmission and HARQ feedback. The MCS adjustment can be based on CSI feedback or HARQ feedback. For Broadcast/Multicast service, the target receiver is all UEs within the cell or a group UEs, it is hardly for UEs to report CSI which will result in large signaling overhead. Furthermore, even with MCS adjustment, the transmitter cannot make sure whether the receiver can receive the data correctly. HARQ retransmission can be another method to improve reliability. More times of re-transmission, the higher the reliability is. While blind re-transmission may cause resource inefficiency because the transmitter does not know whether and when the data has been correctly received. Compared to the MCS adjustment and HARQ re-transmission, HARQ feedback is preferred. It has less signaling overhead, and if different receiver does HARQ feedback respectively, the transmitter can differentiate which UE has received correctly and which UE does not. Furthermore, the transmitter can determine whether to do HARQ re-transmission with broadcast/multicast or only re-transmit to the UEs who does not received correctly.
Observation 1: Compared to MCS adjustment and blind HARQ re-transmission, HARQ feedback is preferred to improve reliability of Broadcast/Multicast service.
For Broadcast service, the target receiver is all UEs within the cell. Generally, the number of UEs could be very large. If separate HARQ feedback resource is allocated per UE, large number of PUCCH resources are needed. While considering there are both RRC-connected and RRC-idle UEs within the cell, it is not possible to allocate separate PUCCH resource for RRC-idle UEs. The benefit of all RRC-connected UEs to do separate UL feedback is degraded. A shared PUCCH resource for all UEs is more preferred. 
Proposal 1: For Broadcast service, a shared PUCCH resource for all UEs to do UL feedback is preferred.
For Groupcast service, the number of UEs within the group is fixed. It is possible to allocate separate PUCCH resource for each UE within the group so that the transmitter can differentiate which UE does feedback ACK or NACK. While if the number of UEs within the group is large, to reduce PUCCH resource overhead, a shared PUCCH resource among all UEs within the group is also preferred. 
Proposal 2: For Groupcast service, both shared and separate PUCCH resource among UEs within the group are supported.
The feedback mechanism for groupcast was discussed and specified in Rel-16 NR SL. The following two options were supported for groupcast in NR SL. 
· Option 1: NACK only feedback, shared NACK resource
It is more preferred for connection-less groupcast. There is no specific group and all UEs within a communication range can be seen as target receiver. The UEs within the communication range needs to feedback NACK in case it fails to decode the data packet, otherwise feedback nothing. And all UEs that feedback NACK share the same feedback resource. The UEs out of the communication range does not need to do feedback.  The drawback of option 1 is it cannot differentiate DTX from ACK. This option is more preferred for Broadcast service in which case the number of receivers is not known by gNB or the number is very large. Based on the NACK resource, gNB can know whether there is a UE does not receive correctly.  
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
It is more preferred for connection-based groupcast. All UEs within the group should do feedback, either ACK or NACK, depends on data decoding. Separate feedback resources are used by UEs within the group so that the transmitter can differentiate whether and which UE receives correctly or not.  This option is more preferred for Multicast service with a fix number of UEs within the group. With separate ACK and NACK resource, gNB can know whether and which UE does not receive correctly.

In addition to the above two feedback mechanism, there are another three feedback mechanisms can be considered.
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
In some cases, if the gNB only needs to know whether there are UEs do not receive the Broadcast/Multicast service correctly and does not need to differentiate which UE does not receive correctly, the shared NACK resource can be allocated to UEs. Separate ACK resource can help gNB differentiate which UE has received correctly. One drawback of this option is it cannot differentiate DTX and NACK.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.
With separate NACK resource per UE, gNB can differentiate which UE does not receive data correctly. If possible, it can do re-transmission to these UEs, such as by unicast. While if there is some UEs transmitting ACK on shared ACK resource, gNB cannot differentiate DTX from ACK
· Option 5: ACK and NACK feedback, shared ACK resource and shared NACK resource.
With shared ACK resource and shared NACK resource, gNB can only determine whether there is UE receives correctly, or not, and it cannot differentiate the specific UE. Compared with option 1, the benefit of this option is not clear and not preferred for Broadcast/Multicast service. 

Based on above analysis, we think the SL feedback mechanism for groupcast in NR SL can be as a starting point to study UL feedback mechanism in Broadcast/Multicast service. In addition to SL feedback mechanism standardized in Rel-16, more options can be considered. 
Proposal 3: The SL feedback mechanism for groupcast in NR SL can be as a starting point to study UL feedback mechanism for Broadcast/Multicast service
Proposal 4: The following options can be considered for Broadcast/Multicast service
· Option 1: NACK only feedback, shared NACK resource
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.

As V2X traffic may have target communication range, therefore NACK only feedback in NR SL can be based on zone and communication range, so that only receivers within the target communication range feedback HARQ-ACK.  Since Broadcast/Multicast aims to support V2X application as well, for the traffic with same characteristics (i.e. target communication range) it is preferable to support zone and communication range based HARQ-ACK feedback, otherwise unnecessary re-transitions may be triggered by NACK from un-targeted receivers. 
Proposal 5: Zone and communication range based HARQ-ACK feedback should be considered for Broadcast/Multicast service.

Conclusion
In this contribution, we discuss the mechanisms to improve reliability of Broadcast/Multicast service. Based on the analysis, the following observation and proposals are given.

Observation 1: Compared to MCS adjustment and blind HARQ re-transmission, HARQ feedback is preferred to improve reliability of Broadcast/Multicast service.
Proposal 1: For Broadcast service, a shared PUCCH resource for all UEs to do UL feedback is preferred.
Proposal 2: For Groupcast service, both shared and separate PUCCH resource among UEs within the group are supported.
Proposal 3: The SL feedback mechanism for groupcast in NR SL can be as a starting point to study UL feedback mechanism for Broadcast/Multicast service
Proposal 4: The following options can be considered for Broadcast/Multicast service
· Option 1: NACK only feedback, shared NACK resource
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.
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