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1. Introduction
The support of NR Multicast and Broadcast Services (MBS) is introduced in Rel-17 as a work item [1] to achieve group-scheduling. The objectives of NR MBS are specified in [1] and some agreements on the mechanisms to support group scheduling for RRC_CONNECTED UEs were reached at the RAN1#102-e and RAN1#103-e meeting [2][3]. In this contribution, we discuss the issue about time-domain resource indication and the possible solutions for supporting group-scheduling for the MBS WI and some proposals are given. 
2. Discussion
2-1. Time-domain resource indication for group-scheduling for RRC_CONNECTED UEs
For NR MBS group-scheduling, in order to indicate a group of RRC_CONNECTED UEs the transmission occasion of the group-common PDSCH in time domain, the group of UEs should have a common understanding on the time-domain resource assignment/allocation (TDRA) table that the network uses to indicate the transmission occasion of the group-common PDSCH. 
In NR Rel-15/16, the UE refers to different TDRA tables based on 
(1) the type of PDCCH search space in which the UE received/decodes the downlink control information, 
(2) the SS/PBCH block and CORESET multiplexing pattern, and 
(3) whether the UE is configured by RRC with a TDRA table by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon and/or in pdsch-Config. 
For a UE in RRC_IDLE mode or before a UE is configured with a TDRA table via pdsch-ConfigCommon, the UE may refer to one of the three (specified) default TDRA tables based on the SS/PBCH block and CORESET multiplexing pattern on the cell. For UEs in RRC_CONNECTED mode, the UEs may be configured by higher-layers a TDRA table via pdsch-ConfigCommon and/or in pdsch-Config for the cell, in which case the UE may refer to the configured TDRA table. 
For group-scheduling a single group-common PDSCH to a group of UEs, the common understanding between the network node and the group of UEs about the TDRA table is important for mapping the time-domain resource of the group-common PDSCH based on the TDRA field in a group-common downlink control information. Otherwise, different UEs in the group will have different interpretations on the transmission occasion of the group-common PDSCH if different TDRA tables are used by the different UEs in the group for mapping the group-common PDSCH. In other words, for NR MBS group-scheduling, a reference TDRA table for mapping the group-common PDSCH transmission occasion in time domain should be identified and known to corresponding group of UEs. 
Proposal 1: For NR MBS group-scheduling, a reference TDRA table for mapping the group-common PDSCH transmission occasion in time domain needs to be identified and known to a corresponding group of UEs. 
Firstly, considering that a group of UEs that demand the same service data from the network may not be configured with the same UE-specific TDRA table by each UE’s UE-specific configuration (pdsch-TimeDomainAllocationList in pdsch-Config), using UE-specific TDRA table as the reference table induces network scheduling restriction across UEs and across unicast scheduling and group-scheduling. Also, some of the UEs in the group may be configured with a cell-specific TDRA table (pdsch-TimeDomainAllocationList in pdsch-ConfigCommon) while the other UEs in the group may not. Therefore, using the cell-specific TDRA table as the reference TDRA table for the group of UEs may not be feasible. Secondly, considering that an RRC_CONNECTED UE may be configured in a way that the network can schedule transmissions to the UE with greater flexibility/capability, always using one of three (specified) default TDRA tables as the reference TDRA table for group-scheduling may not be an efficient way because it limits network scheduling flexibility for a RRC_CONNECTED UE. Thirdly, for different groups of RRC_CONNECTED UEs that demand different types of service data, using one of the three (specified) default TDRA tables or a cell-specific TDRA table for the different types of service data will limit the scheduling flexibility as well. In our opinion, different types of service data require different scheduling capabilities and flexibilities, which can be affected by TDRA table used for (group-)scheduling. 
Observation 1: Using the default TDRA tables, the cell-specific TDRA table, or the UE-specific TDRA table may not be possible or efficient or may limit the flexibility and the capacity of NR MBS group-scheduling. 
Based on the reasons and observation above, we propose that a “group-common TDRA table” is configured per MBS group for NR MBS group-scheduling, where the group-common TDRA table is configured and shared among all UEs in an MBS group. Since each MBS group may be configured with a group-common RNTI, group-common TDRA table can be applied along with corresponding group-common RNTI. The number of entries and the contents of each entry of the group-common TDRA table may be designed based on Rel-15/16 TDRA table configurations. 
Proposal 2: A “group-common TDRA table” is configured per MBS group for NR MBS group-scheduling. 
2-2. BWP switch handling for group-scheduling for RRC_CONNECTED UEs 
It was agreed that for multicast of RRC-CONNECTED UEs, a common frequency resource (CFR) for group-common PDCCHs and PDSCHs is confined within the frequency resource of a dedicated unicast BWP configured for a UE to support simultaneous receptions of unicast and multicast PDCCHs/PDSCHs in the same slot. Also, it was agreed that the common frequency resource for multicast of RRC_CONNECTED UEs includes one PDCCH-config and one PDSCH-config separate from the PDCCH-config and PDSCH-config of the dedicated unicast BWP. 
For simplicity, here we denote a dedicated unicast BWP in which a common frequency resource is configured/confined and in which a UE is capable of receiving multicast PDCCHs/PDSCHs as an “MBS-capable BWP”. On the other hand, we denote a dedicated unicast BWP which does not contain a common frequency resource or in which a UE is incapable of receiving multicast PDCCHs/PDSCHs as an “MBS-incapable BWP”. 
A UE may be configured with an MBS-capable BWP and an MBS-incapable BWP simultaneously. If active BWP is the MBS-capable BWP, the UE is able to receive multicast PDCCHs/PDSCHs. However, if at a moment the  active BWP is switched to the MBS-incapable BWP, the UE is not able to receive the multicast PDCCHs/PDSCHs. In this case, it needs some studies on how to resume multicast PDCCH/PDSCH receptions.
Observation 2: A UE is not able to receive multicast PDCCHs/PDSCHs if the UE’s active BWP is switched to an MBS-incapable BWP. 
Proposal 3: If a UE’s active BWP is switched from an MBS-capable BWP to an MBS-incapable BWP, it needs some studies for the UE to resume multicast PDCCH/PDSCH receptions.  

2-3. Retransmission scheme(s) for SPS group-common PDSCHs 
In NR Rel-15/16, a DCI with CRC scrambled by a CS-RNTI configured for a UE, may be used to (1) indicate activation or deactivation/release of an SPS configuration or (2) schedule a retransmission of an SPS PDSCH. For NR Rel-17 MBS, it was agreed that one or more SPS-Config can be configured for common frequency resource, separate from the SPS-Config of the dedicated unicast BWP. Therefore, it is reasonable that an SPS group-common transmission identifier, e.g. a G(C)-CS-RNTI, can be configured for activation, deactivation/release, or retransmissions of SPS group-common PDSCHs. 
To benefit from group-scheduling, SPS group-common PDSCHs should support at least PTM transmission scheme 1. Follow similar SPS design in NR Rel-15/16, a group-common DCI with CRC scrambled by G(C)-CS-RNTI can be utilized to indicate SPS group-common activation or deactivation/release. Also, the SPS-Config for a common frequency resource should be group-common, and corresponding SPS group-common PDSCHs are transmitted within the common frequency resource. 
Proposal 4: The transmission scheme of the SPS group-common PDSCHs supports at least PTM transmission scheme 1.  
Proposal 5: An SPS group-common transmission identifier, e.g. a G(C)-CS-RNTI, can be configured for activation, deactivation/release, or retransmissions of SPS group-common PDSCHs.
UEs in an MBS group may encounter different channel conditions. For example, a UE near a base station and a UE at cell edge in the same group have distinct channel characteristics that affect the transmission reliabilities of a group-common PDSCH. It is possible that a UE at cell edge frequently requires retransmissions of group-common PDSCHs, no matter initial transmission is a dynamic group-common PDSCH or an SPS group-common PDSCH. In order not to overload the group-common CORESET(s) to schedule retransmissions for UE(s) at cell edge, PTP transmission should be supported, where a unicast PDCCH is utilized to schedule a unicast PDSCH. 
Proposal 6: PTP transmission is supported for retransmissions of SPS group-common PDSCHs.  
It was agreed that for RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, it supports retransmission(s) using PTP transmission, and the HARQ process ID and NDI indicated in the DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB. That is, for initial transmission of  a group-common PDSCH associated with a G(C)-RNTI, the retransmission of the group-common PDSCH supports using a unicast PDCCH to schedule a unicast PDSCH associated with  C-RNTI. 
As mentioned previously for NR Rel-15/16, a DCI with CRC scrambled by a CS-RNTI can schedule retransmissions of SPS PDSCHs. To schedule retransmission of SPS group-common PDSCHs, it seems reasonable to follow similar concept, such that using group-common SPS transmission identifier, e.g. a G(C)-CS-RNTI, to identify PTP retransmission of SPS group-common PDSCH. That is, the UE monitors PDCCHs with CRC-scrambled by the G(C)-CS-RNTI within the UE-dedicated CORESET when the UE expects to receive retransmission(s) of group-common SPS PDSCH(s). 
Proposal 7: A UE monitors PDCCHs with CRC-scrambled by the G(C)-CS-RNTI within the UE-dedicated CORESET when the UE expects to receive retransmission(s) of SPS group-common PDSCH(s). 

3. Conclusion
According to the discussion above, some observations and proposals are given. 
Proposal 1: For NR MBS group-scheduling, a reference TDRA table for mapping the group-common PDSCH transmission occasion in time domain needs to be identified and known to a corresponding group of UEs. 
Observation 1: Using the default TDRA tables, the cell-specific TDRA table, or the UE-specific TDRA table may not be possible or efficient or may limit the flexibility and the capacity of NR MBS group-scheduling. 
Proposal 2: A “group-common TDRA table” is configured per MBS group for NR MBS group-scheduling. 
Observation 2: A UE is not able to receive multicast PDCCHs/PDSCHs if the UE’s active BWP is switched to an MBS-incapable BWP. 
Proposal 3: If a UE’s active BWP is switched from an MBS-capable BWP to an MBS-incapable BWP, it needs some studies for the UE to resume multicast PDCCH/PDSCH receptions.  
Proposal 4: The transmission scheme of the SPS group-common PDSCHs supports at least PTM transmission scheme 1.  
Proposal 5: An SPS group-common transmission identifier, e.g. a G(C)-CS-RNTI, can be configured for activation, deactivation/release, or retransmissions of SPS group-common PDSCHs.
Proposal 6: PTP transmission is supported for retransmissions of SPS group-common PDSCHs.  
Proposal 7: A UE monitors PDCCHs with CRC-scrambled by the G(C)-CS-RNTI within the UE-dedicated CORESET when the UE expects to receive retransmission(s) of SPS group-common PDSCH(s). 
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