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1. Introduction 

Rel-17 WID of NR Multicast and Broadcast Services includes following set of objectives [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]
· 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].
In this document, we will present our initial views on how to support group scheduling for Multicast RRC_CONNECTED UEs.

2. Discussion 

2.1 RNTI for Group scheduling

Up to Rel-16, NR has been only focused on unicast point-to-point (PTP) transmissions, which may not support those scenarios with a very large number of users consuming the same data, such as media content, emergency messages, public safely applications or software updates, etc.. The use of multicast/broadcast point-to-multipoint (PTM) schemes can offer capacity gains, ensuring a cost-effective and high-quality delivery mechanism. We should strive to reuse as much as possible the existing unicast NR radio components with some modifications to enable efficient transmission of the same data content to a group of users. 

The required modifications in the air interface include the introduction of a Group Radio Network Identifier (G-RNTI). The RAN upper layers involve the introduction of a new logical channel, Multicast/Broadcast Traffic Channel (MBTCH) [3], shown as Figure 1, which is mapping to the PDSCH scrambled by G-RNTI for a group of UEs. 
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Figure 1 Channel mapping for MBS
The introduction of the G-RNTI enables a dynamic, flexible, and scalable scheduling and multiplexing between unicast and multicast data within the PDSCH channel. A single PDCCH with CRC scrambled by G-RNTI can be used to indicate the PDSCH associated with the same G-RNTI for a group of UEs. Compared with per-UE PDCCH with C-RNTI, PDCCH with G-RNTI efficiently reduces the PDCCH overhead. The multiple C-RNTI PDCCHs, if used to indicate the same multicast PDSCH data for a group of UEs, have to be transmitted before the multicast PDSCH with aligned target timing, which may cause PDCCH resource congestion across multiple DL time slots – this issue can be solved by using one PDCCH with G-RNTI. 

For UEs to monitor the G-RNTI PDCCH, a search space (SS) associated with G-RNTI can be configured. For RRC_CONNECTED UEs interested in multicast data reception, the SS for monitoring G-RNTI PDCCH is mainly for downlink traffic, which may be different from the USS for a particular UE to monitor the PDCCH for the UE-specific UL/DL data. It may be also different from the CSS monitored by all the UEs in a cell to get the cell-specific messages (such as for SIB, paging RA, etc.). Further study is needed on the details and the related configuration.

Proposal 1: A new type of RNTI, group RNTI (G-RNTI), is introduced for group scheduling.
Observation 1: Compared with multiple per-UE PDCCHs with CRC scrambled by C-RNTI, one PDCCH CRC scrambled by G-RNTI can save overhead to schedule the same PDSCH to a group of users for multicast data reception.
Proposal 2: A UE monitors PDCCH with CRC scrambled by G-RNTI, which schedules PDSCH scrambled by G-RNTI.
· Further study the configuration of the search space for monitoring PDCCH associated with G-RNTI.

2.2 Configuration for Group scheduling

For RRC_CONNECTED UEs, the configuration for the multicast/broadcast control can be received by unicast RRC signalling. But some group-specific parameters, such as the G-RNTI configuration, BWP/CORESET/SS for PDCCH monitoring, freq/time resource allocation, MCS/TBS, rate matching configuration for PDSCH decoding, can be shared to a group of UEs by broadcast signalling. RAN1 can discuss and select among the following alternatives:
· Alt1: All the configuration is received through unicast RRC signalling.

· Alt2: Part of the configuration is received through broadcast SIB/MCCH-like signalling.

· For UEs in RRC_CONNECTED, at least part of the multicast configuration, e.g., some HARQ-ACK related parameters, is received through unicast RRC signalling.
Alt1 is straightforward for RRC_CONNECTED UEs with minimal spec impact. Compared with Alt1, Alt2 may further reduce the signalling overhead for some common parameters. The commonality of Alt1 and Alt2 is that at least part of the parameters for multicast configuration should be received by unicast RRC signalling. Regarding whether to use SIB or introduce another logical control channel, the discussion is also related with the ongoing SA2 and RAN2 discussion on how to support multicast/broadcast services for the IDLE/INACTIVE UEs. 

Proposal 3: For RRC_CONNECTED UEs, at least part of the parameters for multicast configuration is received by unicast RRC.
For NR broadcast signalling, e.g., SIB or paging, the configuration is using default values, such as initial BWP, CORESET0, which is cell-specific but may not be applicable to the multicast transmission within a small area SFN. The multicast data transmission could achieve higher data rate with G-RNTI than broadcast signalling. For the reception of unicast PDSCH/PDCCH associated with C-RNTI, the parameters, such as BWP, CORESET, FDRA, TDRA, MCS table, etc., are configured by unicast RRC signalling. RAN1 needs to further discuss the necessary parameters for the reception of PDSCH/PDCCH for multicast, e.g., whether to follow C-RNTI parameters (aligned among multicast UEs by gNB implementation) or introducing new configuration parameters. 

2.3 Enhancements to QCL framework

In Rel-17 NR multicast, a large area SFN (similar to LTE eMBMS SFN) is not expected to be supported and only small area SFN with a group of TRPs belonging to same DU is expected to be supported as network implementation choice and in a transparent manner to UE. Any specific enhancements to support small area SFN for multicast can be further discussed in RAN1. 
The PDCCH/PDSCH with G-RNTI may be transmitted by different TRPs based on beam transmission, where the TCI state(s) will be different than that of C-RNTI for unicast. Although the existing NR unicast transmission supports multi-TRP transmission, the set of TRPs for multicast may be different than the unicast one. RAN1 should discuss whether the existing specification can support to receive G-RNTI PDCCH/PDSCH with separate configuration than C-RNTI PDCCH/PDSCH for unicast. It is applied to both FR1 and FR2, especially for FR2 where multi-TRP beam transmission for multicast is more beneficial for coverage extension.
Observation 2: The existing QCL framework can be adapted to support the following use cases:

· Support of small-area SFN from a different set of TRPs than C-RNTI.

· Support of reception of G-RNTI scrambled physical channels with a different beam than C-RNTI.

Proposal 4: RAN1 to discuss how to adapt the QCL framework to multicast transmission, separate from unicast transmission.
2.4 Interactions between unicast and multicast and simultaneous reception
Compared with legacy MBMFN, one of the major differentiating points of NR multicast is the tight interaction with unicast. In our view, which is also backed by the WID objectives, the gNB should have the flexibility to choose whether to deliver multicast traffic flow by unicast (i.e., transmit the multicast information separately to each UE) or multicast. How to make decision to select multicast radio bearer vs unicast radio bearer for service delivery depends on the architecture enhancement in SA2 [2] and RAN architecture options for dynamic unicast/multicast, discussed in our RAN2 contribution [3]. 

We would like to note that some of the multicast delivery options in [3] are transparent to lower layers (e.g. if a multicast QoS flow is mapped to a unicast DRB), but some others may have RAN1 impact. For example, in MAC layer, a multicast QoS flow may be associated with a MBTCH. The mapping between MBTCH and G-RNTI (e.g. 1:1 or N:1) is to be discussed between RAN1/RAN2 based on different trade-offs. Also, the related signalling design for different multicast services may need further study. 

For L1 HARQ operation, as explained in more details in our companion contribution [4], the initial transmission may be based on G-RNTI and re-transmission may be G-RNTI or unicast C-RNTI (based on e.g. number of UEs that failed to receive the initial transmission or, in general, based on scheduler implementation). This could enable ARQ without combining or HARQ with combining by using G-RNTI or C-RNTI, as illustrated in Figure 2. This enhancement involves RAN1 discussion and decision, e.g., the interaction between G-RNTI and C-RNTI to support the new type of multicast HARQ operation, if defined. 
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Figure 2 Possible RAN architecture for MBS
In LTE, MBSFN can be conveyed on a dedicated carrier or a carrier shared with non-MBS services. In the mixed carrier, TDM is only the multiplexing mechanism permitted for MBS and non-MBS services. MBSFN resource allocation is static, and it cannot adapt to the network traffic load. The subframes reserved for MBSFN operation are transmitted regardless of the user demand. LTE SC-PTM is more flexible to allow both TDM and FDM to multiplex broadcast and unicast traffic, which improves the spectrum utilization. For NR, some unicast services, such as URLLC, has strict latency requirement. If NR multicast/broadcast is introduced, it is desirable to support flexible scheduling and simultaneous reception of multicast and unicast based on the UE capability. RAN1 should discuss the interaction between reception of G-RNTI and C-RNTI and how to support simultaneous reception of multiple G-RNTI(s) and C-RNTI, and how/whether to support reception of multiple G-RNTIs (e.g. for supporting multiple services simultaneously).

Proposal 5: Further discuss the potential RAN1 impact related with the configuration of G-RNTI(s) and the interaction between G-RNTI and C-RNTI for PDSCH reception, including:

· 
Aspects related to simultaneous reception of G-RNTI(s) and C-RNTI

· 
Aspects related to simultaneous reception of multiple G-RNTIs.

· 
Aspects related to retransmission of packets between G-RNTI(s) and C-RNTI.

3. Conclusion

In this contribution, we discussed various aspects related to group scheduling for NR multicast RRC_CONNECTED UEs with the following observations and proposals: 

Proposal 1: A new type of RNTI, group RNTI (G-RNTI), is introduced for group scheduling.
Observation 1: Compared with multiple per-UE PDCCHs with CRC scrambled by C-RNTI, one PDCCH CRC scrambled by G-RNTI can save overhead to schedule the same PDSCH to a group of users for multicast data reception.
Proposal 2: A UE monitors PDCCH with CRC scrambled by G-RNTI, which schedules PDSCH scrambled by G-RNTI.
· Further study the configuration of the search space for monitoring PDCCH associated with G-RNTI.

Proposal 3: For RRC_CONNECTED UEs, at least part of the parameters for multicast configuration is received by unicast RRC.
Observation 2: The existing QCL framework can be adapted to support the following use cases:

· Support of small-area SFN from a different set of TRPs than C-RNTI.

· Support of reception of G-RNTI scrambled physical channels with a different beam than C-RNTI.

Proposal 4: RAN1 to discuss how to adapt the QCL framework to multicast transmission, separate from unicast transmission.
Proposal 5: Further discuss the potential RAN1 impact related with the configuration of G-RNTI(s) and the interaction between G-RNTI and C-RNTI for PDSCH reception, including:

· 
Aspects related to simultaneous reception of G-RNTI(s) and C-RNTI

· 
Aspects related to simultaneous reception of multiple G-RNTIs.

· 
Aspects related to retransmission of packets between G-RNTI(s) and C-RNTI.
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