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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]
 
UL feedback is used to improve reliability. In this contribution, we will discuss how to determine the PUCCH resource for Broadcast/Multicast service for RRC-CONNECTED UEs. 
Discussion
In NR Uu, PUCCH or PUSCH is used to carry UL feedback. While in Broadcast/Multicast, HARQ feedback can be used to improve reliability. CSI feedback will cause large signaling overhead. In that case, only ACK/NACK will be considered as UL feedback for Broadcast/Multicast service.
In NR Uu, up to 4 PUCCH resource sets can be configured by gNB, and each PUCCH resource set corresponds to different number of UCI bits. UE can determine a PUCCH resource within the set based on DCI indication or CCE index. For Broadcast/Multicast service, the UL feedback mechanism was analyzed in [2]. The following feedback mechanism standardized in NR SL can be taken as starting point:
· NACK only feedback, shared resource for NACK feedback;
· ACK and NACK feedback, separate resource for ACK and NACK;
Furthermore, the receiver of Broadcast/Multicast service can be divided into several groups based on RSRP measurement. Different group UEs can use different PUCCH resource so that gNB can differentiate whether and which group UEs have received the data correctly or not. One illustration is shown below. 


Figure 1 Illustration of RSRP based PUCCH resource allocation

In the figure, 3 RSRP thresholds are configured, and 4 set of PUCCH resources are configured, each set of PUCCH resources corresponds to different RSRP range. Within each PUCCH resource set, there are two PUCCH resources configured, one for ACK and another for NACK. The UEs within the same RSRP range will share the same PUCCH resource for ACK or NACK. Based on the UL feedback corresponds to different RSRP ranges, gNB can know the HARQ status of UEs per RSRP ranges. 
For Broadcast/Multicast service, it supports to configure multiple PUCCH resource sets. Each PUCCH resource set can correspond to such as different RSRP ranges, or different groups. Furthermore, more than 1 PUCCH resources can be configured within each PUCCH resource set. For example, for Multicast service, the UEs within the group can do HARQ feedback using separate PUCCH resource. In that case, more than 1 PUCCH resource can be configured within a PUCCH resource set, and each UE can determine a separate PUCCH resource within the resource set based on group member ID (similar mechanism as NR SL). If DCI is used to indicate the PUCCH resource within the resource set, considering the DCI is a common DCI in Broadcast/Multicast, more than 1 UE can receive the DCI, the PUCCH resource indicated by the DCI will be shared by the UEs. 
Proposal 1: It supports to configure more PUCCH resource sets for Broadcast/Multicast. 
Proposal 2: UE can determine the PUCCH resource set based on RSRP measurement
Proposal 3: For Broadcast/Multicast, DCI can indicate the PUCCH resource within a PUCCH resource set.
[bookmark: _GoBack]UE may have both unicast and Broadcast/Multicast and HARQ-ACK feedback may be enabled for both of them. If PUCCH resources for Broadcast/Multicast overlap with those for unicast in time, UE may need to transmit up to 2 PUCCH at a give time to feedback HARQ-ACK for Broadcast/Multicast and UCI for unicast respectively. If UE capability on number of simultaneously transmitted PUCCH is not improved in Rel-17, UE needs to drop HARQ-ACK feedback for one of them, which would impact the reliability of Broadcast/Multicast or unicast. Furthermore, UE may also need to feedback HARQ-ACK for more than one Broadcast/Multicast sessions, if separate PUCCH resource set is configured for each of them, similar issue as above may also happen.
[bookmark: _Hlk47621369]To avoid this negative impact, some restriction on PUCCH resource configuration should be applied, e.g. PUCCH resources for Broadcast/Multicast are always TDMed with that for unicast, or multiplexing HARQ-ACK for Broadcast/Multicast and unicast within one PUCCH should be supported.
Proposal 4: Transmitting more than 1 PUCCH simultaneously for Broadcast/Multicast HARQ-ACK feedback and unicast UCI feedback should be avoided.
Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]How to determine the PUCCH resource set and corresponding PUCCH resource was discussed in this contribution. The following proposals are given:
Proposal 1: It supports to configure more PUCCH resource sets for Broadcast/Multicast. 
Proposal 2: UE can determine the PUCCH resource set based on RSRP measurement
Proposal 3: For Broadcast/Multicast, DCI can indicate the PUCCH resource within a PUCCH resource set.
Proposal 4: Transmitting more than 1 PUCCH simultaneously for Broadcast/Multicast HARQ-ACK feedback and unicast UCI feedback should be avoided.
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