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Introduction
In RAN#86 meeting, the following objective related to RAN1 were achieved as follows:
	Objective
· 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 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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 


This contribution discusses group scheduling mechanism for RRC_CONNECTED UEs.

Discussion
Group scheduling with different RNTI
Transmission of a MBMS in E-UTRAN uses either MBSFN transmission or SC-PTM transmission. The MCE makes the decision on whether to use SC-PTM or MBSFN for each MBMS session. In SC-PTM transmission, G-RNTI is used to scramble with CRC in PDCCH for group scheduling of PDSCH. For the transmission of MBS in NR, variable number of UEs and HARQ-ACK feedback are proposed. For different use cases as shown in Figure 1, C-RNTI, G-RNTI and Sub-G-RNTI can be considered to support group scheduling.
· C-RNTI can be used to scramble UE specific PDCCH for group scheduling. From UE’s perspective, C-RNTI based group scheduling is similar with unicast transmission. A UE specific C-RNTI is used to scramble the CRC in each PDCCH, and all these PDCCHs are used to schedule a group common PDSCH. C-RNTI based group scheduling can be used when the number of UEs for group scheduling is not large and HARQ-ACK feedback is enabled. It requires a large number of PDCCH transmissions when there are many UEs, but each UE specific PDCCH can dynamically indicate PUCCH resources of HARQ-ACK feedback for each UE, which is flexible.
· G-RNTI can be used to scramble group common PDCCH for group scheduling. In LTE SC-PTM transmission, PDCCH with CRC scrambled by G-RNTI is used to dynamically schedule PDSCH, and the similar mechanism can be used in NR MBS group scheduling. A G-RNTI is used to scramble the CRC in a common PDCCH for group scheduling UEs, and the common PDCCH is used to schedule a group common PDSCH. There is a one-to-one mapping between TMGI and G-RNTI used for the reception of the PDSCH in LTE. G-RNTI based group scheduling can be used when there are a large number of UEs, and HARQ-ACK feedback is disabled. The PDCCH overhead is quite small no matter how many UEs are in the group scheduling. When HARQ-ACK feedback is enabled, it is difficult for a common PDCCH to indicate PUCCH resources for UEs respectively. 
· Sub-G-RNTI can be used to scramble a sub-group common PDCCH for a small group scheduling. When the group of UEs is too large, the whole group can be divided into several sub-groups with small number of UEs. A Sub-G-RNTI can be used to a common PDCCH for a small group scheduling. It consumes more than one PDCCH but not large number of PDCCHs for each UE, and it can help to improve the flexibility of HARQ-ACK indication because the whole PUCCH resources can be divided into several parts.
The above three kinds of RNTI can be used in MBS group scheduling, and it is up to network to decide which one is to be used according to different cases, e.g. the number of UEs, HARQ-ACK enable/disable. No matter which RNTI based group scheduling is applied, a single/common G-RNTI is used to scramble PDSCH.
Proposal 1: C-RNTI, G-RNTI or Sub-G-RNTI based group scheduling is supported in MBS.
Proposal 2: A common X-RNTI (e.g. G-RNTI) is used for PDSCH scrambling.


Figure 1. Group scheduling with different RNTI
Monitor occasion for PDCCHs in group scheduling
To support multiple SSBs in a cell for MBS services, the design of PDCCH monitoring occasions (MOs) can be studied. Two kinds of designs PDCCH monitoring occasions are proposed from the perspective of network level, as it also shown in Figure 2. The PDCCH monitoring occasions can be performed periodically. Each monitoring period contains a set of PDCCH occasions (monitoring duration, e.g. 1ms), and each slot in the monitoring duration contains at least one monitoring occasion. In Option 1, the PDCCH MOs in one period are allocated to separate SSBs, where all of the PDCCHs belonging to different SSBs are the same and used to schedule the same MBS services (PDSCH). All the UEs of different SSBs have the same performance by using option 1. In Option 2, the PDCCH MOs within one period can be allocated to one SSB for scheduling different PDSCHs. All the scheduled PDSCHs of each SSB can be received within a very short period, and it helps UE to save power compared with option 1. Both MOs options can be considered in MBS.
Proposal 3: In NR MBS system, both options (shown in Figure 2) of PDCCH monitoring occasion method can be considered.

Figure 2. MBS PDCCH monitoring occasion
Blind decoding budget
For operation with a single serving cell in NR, a set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a common search space (CSS) set or a UE specific search space (USS) set. With the tradeoff between UE implementation complexity and flexibility, the maximum number of monitored PDCCH candidates per slot for downlink BWP is 44, 36, 22 and 20 with SCS configuration of 15kHz, 30 kHz, 60 kHz and 120 kHz, respectively. Furthermore by taking the number of channel estimation into account, a UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats (latency sensitive) with CRC scrambled by C-RNTI per serving cell and 1 size of DCI format (latency non-sensitive) with CRC scrambled by other RNTI.
To support MBS services in Rel-17, an MBS search space can be used for blind decoding PDCCH candidates with CRC scrambled by group RNTI (e.g. G-RNTI). The MBS search space can be a separate one or a part of CSS/USS. The PDCCHs used for MBS should be also taken into account by monitoring procedure. With consideration of UE implementation complexity, the PDCCH blind decoding budget is not supposed to be increased. For example, the maximum number of monitored PDCCH candidates per slot is 44 without MBS PDCCHs. When PDCCHs for MBS are considered for blind decoding, the total number (i.e. 44) is not changed. When the number of PDCCH candidates of CSS/USS/MBS-SS is larger than 44, Rel-15 mechanism on how to allocate the candidates in CSS/USS can be considered as a baseline to determine the monitoring order. PDCCH candidates of CSS are monitored first, and then PDCCH candidates of USS are monitored if the maximum number 44 is not reached.  
Proposal 4: The maximum number of monitored PDCCH candidates per slot is not increased when PDCCH candidates for MBS are considered in the monitoring.
Proposal 5: Rel-15 mechanism on how to allocate the PDCCH candidates in CSS/USS can be a baseline to determine the monitoring priority, when PDCCHs for MBS are added for blind decoding.
Conclusion
In this contribution, to support group scheduling mechanism for RRC_CONNECTED UEs, we have the following proposals:
Proposal 1: C-RNTI, G-RNTI or Sub-G-RNTI based group scheduling is supported in MBS.
Proposal 2: A common X-RNTI (e.g. G-RNTI) is used for PDSCH scrambling.
Proposal 3: In NR MBS system, both options (shown in Figure 2) of PDCCH monitoring occasion method can be considered.
Proposal 4: The maximum number of monitored PDCCH candidates per slot is not increased when PDCCH candidates for MBS are considered in the monitoring.
Proposal 5: Rel-15 mechanism on how to allocate the PDCCH candidates in CSS/USS can be a baseline to determine the monitoring priority, when PDCCHs for MBS are added for blind decoding.
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