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1 Introduction
In RAN#86 meeting, the detailed objectives identified for NR MBS have been agreed, which are shown as follows [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]
Accordingly, substantial progress on the MBS group scheduling for RRC_CONNECTED UEs has been made [2]. In RAN1#102-e, the agreements made are captured below:

Agreements:
For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
In this contribution, we provide our views on group scheduling for NR MBS.
Group scheduling for RRC_CONNECTED UEs
[bookmark: _Hlk861261]In the previous meeting, two types of PDSCH were identified during the email discussion, i.e., group-common PDSCH and UE-specific PDSCH. Based on these two types of PDSCH used for NR MBS, three possible combinations of PDCCH and PDSCH are listed as following:
Case 1: group-common PDCCH schedules group-common PDSCH
Case 2: UE-specific PDCCH schedules group-common PDSCH
Case 3: UE-specific PDCCH schedules UE-specific PDSCH
A group-common PDCCH is referred to as a PDCCH with CRC scrambled with a group-common RNTI. On the contrary, a UE-specific PDCCH is referred to as a PDCCH with CRC scrambled with a UE-specific RNTI (e.g., C-RNTI). A group-common PDSCH is scheduled for a group of UEs. On the contrary, a UE-specific PDSCH is scheduled for one UE. In addition, the scrambling sequence initialization for group-common PDSCH and UE-specific PDSCH is different. For example, the scrambling sequence of the UE-specific PDSCH is initialized by a UE-specific RNTI, and the scrambling sequence of the group-common PDSCH can be initialized by a group-common RNTI instead of a UE-specific RNTI.  For case 1, one group-common PDCCH is used to schedule the same PDSCH (i.e., group-common PDSCH) for a group of UEs. For example, as illustrated in Fig.1(a), different UEs of a group monitor and decode the same PDCCH with CRC scrambled with a group-common RNTI to acquire the same PDSCH information (e.g. allocated PRBs, MCS, occupied symbols, etc.). Furthermore, case 1 was agreed in the previous meeting. For case 2, as illustrated in Fig.2(b), each UE of a group monitors and decodes individual dedicated PDCCH with a CRC scrambled with a UE-specific RNTI (e.g. C-RNTI) to acquire the same PDSCH information, i.e., different DCIs scheduled to respective UEs of the group contain the same PDSCH information. For case 3, as illustrated in Fig.1(c), is equivalent to the current PTP transmission. Hence, we do not need any agreements on case 3. 
[image: 一張含有 文字 的圖片
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Figure 1. Illustration of different cases of group scheduling mechanisms (a). group-common PDCCH schedules group-common PDSCH (Case 1) (b). UE-specific PDCCH schedules group-common PDSCH (Case 2) (c). UE-specific PDCCH schedules UE-specific PDSCH (Case 3)
Basically, applying case 1 or case 2 for NR MBS results in a different design for the feedback mechanism. For example, if case 1 is performed for NR MBS, only one PDCCH (i.e., group-common PDCCH) would be used to schedule a group-common PDSCH for multiple UEs. Therefore, only one DCI-scheduled PUCCH resource is allocated to the group-common PDSCH for multiple UEs. Based on such a condition, multiple UEs use the common PUCCH resource for ACK/NACK feedback reporting would be intuitional. In other words, using the common PUCCH resource for ACK/NACK feedbacks of multiple UEs would be the simplest feedback mechanism for case 1. If individual ACK/NACK feedback of different UEs is required using a single DCI for case 1, the feedback mechanism would be highly complicated, e.g., in terms of configuration. Nevertheless, by enabling individual ACK/NACK feedback, the network could know the status related to receiving a group-common PDSCH of each UE well. Moreover, the network can easily know how to adjust the parameters (e.g. MCS) of group-common PDSCH(s) based on the ACK/NACK feedback of each individual UE. Since the feedback mechanism of PTP transmission can be easily adopted for case 2 (UE-specific PDCCH schedules group-common PDSCH), i.e., each UE receiving the same group-common PDSCH can acquire its own PUCCH resource from UE-specific PDCCH for reporting ACK/NACK feedback information. Hence, in order to perform individual ACK/NACK feedback for different UEs, case 2 will be more applicable than case 1.
[bookmark: _Ref47706100]Observation 1: UE-specific feedback mechanism cannot be easily supported if a group-common PDCCH is used to schedule a group-common PDSCH. Nevertheless, having UE-specific feedback mechanism is beneficial because the network can fully understand the channel condition of each UE. 
Observation 2: In the case where UE-specific PDCCH schedules a group-common PDSCH, the feedback mechanism of PTP transmission, i.e., UE specific feedback, could be easily adopted.
Proposal 1: Using UE-specific PDCCH to schedule group-common PDSCH could be supported by NR MBS for RRC_CONNECTED UEs.
2 Conclusions
In this contribution, we discussed the group scheduling mechanism on NR MBS for RRC_CONNECTED UEs. Based on the discussion, we have observations and proposal as follows:
Observation 1: UE-specific feedback mechanism cannot be easily supported if a group-common PDCCH is used to schedule a group-common PDSCH. Nevertheless, having UE-specific feedback mechanism is beneficial because the network can fully understand the channel condition of each UE. 
Observation 2: In the case where UE-specific PDCCH schedules a group-common PDSCH, the feedback mechanism of PTP transmission, i.e., UE specific feedback, could be easily adopted.
Proposal 1: Using UE-specific PDCCH to schedule group-common PDSCH could be supported by NR MBS for RRC_CONNECTED UEs.
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