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1. Introduction
In this paper, group scheduling for NR multicast and broadcast services (MBS) for RRC_CONECTED UEs is discussed. The new work item on NR Support of Multicast and Broadcast Services [1] has the following objectives for normative work on NR MBS related to multicast scheduling:
	· 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.


Additionally, the following restrictions are also provided in  [1] with respect to the scope of work expected in Release 17 NR:
	· Physical layer: limit the scope of this WI to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.
· FR2: we assume that there are no issues to provide Multicast / Broadcast transmissions in FR2. If any enhancements are needed it should be treated with lower priority compared to the minimum set of objectives above.
· [bookmark: _GoBack]In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 
· SFN provides synchronized delivery of user plane packets over the air from different cells. No standardized support specifically for SFN, is provided in this WI. Any SFN operation is transparent to the UE, and any related synchronization is left to network implementation. The existing QCL framework (based on SSB and CSI-RS) is reused.
· Flexible resource allocation between Unicast and Broadcast/Multicast services should be possible in this WI, but resource allocation up to 100% to Broadcast/Multicast is not guaranteed requirement in this WI.


Based on the WID objectives while accounting for the restrictions above, in this paper, we provide discussion and proposals on NR based multicast and broadcast services within a single cell.
2. Discussion 
In this section we provide initial details on design considerations for group scheduling for NR MBS including control signaling details and baseline transmission schemes. Additional design options for further consideration are also discussed.
2.1. Group Scheduling
In Rel-13 LTE, the support of single cell multicast/broadcast was introduced in the form of SC-PTM (single cell point-to-multipoint) [2]. The target use case of SC-PTM was the support of critical communications and commercial use cases such as top videos/popular apps download, mobile advertising, traffic information for cars as well TV broadcast to a smaller group of users within a single LTE cell. SC-PTM was more flexible than MBSFN since FDM with unicast was allowed and it used the PDSCH rather than the PMCH. Additionally, large CP use was not mandated due to single cell operation and therefore the overhead was similar to unicast transmission. 
Rel-13 SC-PTM supported reception in both RRC_CONNECTED and RRC_IDLE mode. No UL feedback mechanism (CQI and HARQ/ACK) was specified. The MBMS control information including SCPTMConfiguration is obtained from the higher layer logical channel SC-MCCH and the actual SC-PTM traffic is carried in the logical channel SC-MTCH. Both SC-MCCH and SC-MTCH is mapped to PDSCH in the physical layer. The PDSCH carrying SC-MCCH is scheduled by DCI format 1A with CRC scrambled by a SC-RNTI and the PDSCH carrying MTCH is scheduled by DCI format 1A with CRC scrambled by the G-RNTI which is provided as a part of the SCPTMConfiguration message. Additionally, configuration change notification is also indicated by PDCCH (without associated PDSCH) using DCI format 1C with CRC scrambled by SC-N-RNTI. 
For NR MBS, since the WID scope does not allow SFN operation to be specified in Rel-17, the baseline for single cell multicast or broadcast operation is very similar in use-case to the LTE SC-PTM framework. Therefore, this framework can be a good starting point of NR MBS design operating with the numerology specified in NR Rel-15 [1]. 
Proposal 1: Use LTE SC-PTM as the baseline framework for NR MBS

To facilitate the reception of groupcast transmission, the aim should be re-using as much of the unicast framework as possible to minimize specification impact. As a first step, two new RNTIs should be introduced in NR corresponding to the PDSCH receptions mapped to logical channels similar to SC-MCCH and SC-MTCH[footnoteRef:1], namely an M-RNTI for MCCH reception and a G-RNTI for MTCH reception. Additionally, similar to LTE, for configuration change notification PDCCHs, an M-N-RNTI can be defined. [1:  The definition of logical channels for NR MBS may be discussed in RAN2. For the purpose of this paper, we refer to LTE logical channels SC-MCCH and SC-MTCH under the assumption that similar logical channels may also be defined in NR.] 


Proposal 2: 
Define a new multicast RNTI, namely M-RNTI for scrambling the CRC of DCI scheduling a PDSCH mapped to the MCCH containing multicast configuration information 
Define a new group RNTI, namely G-RNTI for scrambling the CRC of DCI scheduling a PDSCH carrying the multicast data corresponding to MTCH

For the PDSCH reception, NR PDSCH Mapping Type A [3] can be used with Type 1 DM-RS as a baseline option. PDSCH mapping Type B and Type 2 DM-RS are not precluded but their need for receiving groupcast transmission needs to be further justified.
[bookmark: _Hlk47554790]Proposal 3: NR MBS uses PDSCH Mapping Type A with DM-RS Type 1 as a baseline. PDSCH Mapping Type and use of Type 2 DM-RS are not precluded.
In NR search spaces sets are configured for a UE to monitor PDCCH candidates and each search space is associated with one CORESET. The search space set configuration for NR MBS can reuse the basic framework defined in up to Rel-16 NR [5]. For MBS the search space set can be a common search space (CSS) and the Type3-PDCCH CSS set configuration can be reused. In this case, the new RNTIs can be added to the set of RNTIs that can scramble the CRC of the DCI formats that can be monitored. Alternately, a new CSS Type 4 can also be defined for multicast purposed for DCI with CRC scrambled by M-RNTI, M-N-RNTI and G-RNTI. Since the general scheduling mechanism can be for both RRC_CONNECTED and RRC_IDLE/INACTIVE UEs, the use of CSS is preferred. However, if the group of UEs receiving the groupcast transmission contains only RRC_CONNECTED UEs, USS can also be reused. For the case of groupcast transmissions, the transmission is generally limited by the UE with the worst coverage i.e., the aggregation levels for the PDCCH candidates to be monitored is provisioned based on the worst UE.  Similarly, the CORESET configuration including the precoder granularity should be based on the worst UE in the group. 
[bookmark: _Hlk47554835]Proposal 4: For groupcast, search space configuration for monitoring DCI scheduling PDSCH for MCCH and MTCH can have the following options:
Re-use NR Type 3 CSS configuration while additionally supporting monitoring of DCI with CRC scrambled by M-RNTI and G-RNTI
Define new NR CSS Type 4 for monitoring multicast DCI with CRC scrambled by M-RNTI and G-RNTI
Use of USS for RRC_CONNECTED UEs for receiving multicast PDCCH is not precluded
The AL or number of PDCCH candidates to monitor in the search space set configuration can be based on UE with the worst coverage in the group
Proposal 5: CORESET configuration can be based on the UE with the worst coverage in the group of UEs
As a baseline, for groupcast transmission DCI format 1_0 can be re-used. Note that DCI format 1_0 is a single MIMO layer transmission with single port Type 1 DM-RS with single front-loaded symbol and up to 2 additional single symbol DM-RS for PDSCH Mapping Type A. For RRC_IDLE/INACTIVE UEs, fallback DCI could be a viable option for scheduling. However, for the case of RRC_CONNECTED UEs, non-fallback DCI i.e., format 1_1 may be used. While the grouping of UEs is up to higher layers, it is possible that gNB may group only RRC_CONNECTED UEs or a mix of RRC_CONNECTED and RRC_IDLE/INACTIVE UEs in a groupcast. Therefore, options for handling both UE types without compromising the functionality of RRC_CONNECTED UEs should be considered. Furthermore, if needed, a new DCI format which is more compact than DCI 1_1 but more flexible than fallback format 1_0 may be defined for NR MBS.
 
[bookmark: _Hlk47554894]Proposal 6: DCI Format for scheduling NR MBS transmissions:
As a baseline DCI format 1_0 (fallback DCI) can be re-used
For RRC_CONNECTED UEs, use of DCI format 1_1 is not precluded. In this case, the search space configuration for monitoring the PDCCH with containing scheduling DCI should support DCI 1_1
If needed, a compact DCI format for multicast scheduling can be defined

Finally, for the case of RRC_CONNECTED UEs, scheduling of multicast transmissions should be flexible such that UEs are able to receive both groupcast and unicast transmissions within the same slot. The simultaneous reception of unicast and multicast transmission by the same UE on orthogonal DM-RS ports should not be precluded and should be further studied in RAN1.
Proposal 7: RRC_CONNECTED UEs may be able to receive both multicast and unicast transmissions within a slot. 
Proposal 8: Simultaneous reception of unicast and multicast transmissions by a UE on orthogonal DM-RS ports is not precluded.

2.2. Transmission Schemes
One the major design updates in NR is the capability of transmitting front-loaded DM-RS symbols i.e., DM-RS transmission always occurs in the first data symbol of the PDSCH regardless of mapping types A or B. Furthermore, there are no specified transmission modes in NR and multi-layer transmission with rank adaptation is possible. NR multicast design should not be limited in terms of number of MIMO layers. Depending on whether CSI feedback is supported or not, the gNB should be able to transmit multi-layer downlink groupcast. If feedback is available, the transmission rank can be adapted to the such that the UE with the worst channel condition in the group has sufficient spectral efficiency to support the required higher layer QoS. Rank limitation for cases without feedback can also be further discussion.
Proposal 9: For NR MBS support of multi-layer MIMO transmission with rank adaptation is not precluded
Since all UEs in the group are receiving the same transmission within a cell, they are expected to receive the groupcast PDSCH on the same DM-RS port(s). NR DM-RS was designed to support high dimensional MU-MIMO with up to 12 orthogonal DM-RS ports. Therefore, for a given slot, the gNB should be able to use the DM-RS ports not used by the groupcast transmission to multiplex other possibly unicast transmissions in multi-user mode. This would increase the overall efficiency of NR multicast by allowing resource sharing with unicast transmission in addition to TDM and FDM transmissions.
Proposal 10: For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, multiplexing UEs receiving unicast transmission on remaining orthogonal DM-RS ports is not precluded
Groupcast transmission is generally always limited by the worst UE in the group. In order to ensure coverage for the worst-case user, the QoS of users with better channel quality may be adversely affected. Advanced transmission schemes can be further considered to address such issues. An example multiuser superposition transmission (MUST) where the users are divided into to groups with good and adverse channel conditions or coverage. The MSBs of the modulation mapping is reserved for the so-called bad UE sub-group. The sub-group of UEs with good channel conditions can additionally receive the LSBs as well which can lead to additional information. For example, the same video stream can be transmitted using MUST wherein the MSBs correspond to a lower resolution video meant for user with low coverage while the LSB add higher resolution content meant for users with higher coverage. From a physical layer perspective, such transmission schemes can enhance the groupcast quality and improve the group spectral efficiency and their applicability to SC-PTM type transmissions can be further studied.
Proposal 11: Advanced transmission schemes like multiuser superposition transmission (MUST) for improving group spectral efficiency are not precluded
3. Conclusions 
In this paper, a high-level view of NR MBS design was presented. Group scheduling and transmission schemes were discussed, and the following proposals are made for further consideration
1. Use LTE SC-PTM as the baseline framework for NR MBS
2. Define a new multicast RNTI, namely M-RNTI for scrambling the CRC of DCI scheduling a PDSCH mapped to the MCCH containing multicast configuration information 
3. Define a new group RNTI, namely G-RNTI for scrambling the CRC of DCI scheduling a PDSCH carrying the multicast data corresponding to MTCH
4. NR MBS uses PDSCH Mapping Type A with DM-RS Type 1 as a baseline. PDSCH Mapping Type and use of Type 2 DM-RS are not precluded.
5. For groupcast, search space configuration for monitoring DCI scheduling PDSCH for MCCH and MTCH can have the following options:
Re-use NR Type 3 CSS configuration while additionally supporting monitoring of DCI with CRC scrambled by M-RNTI and G-RNTI
Define new NR CSS Type 4 for monitoring multicast DCI with CRC scrambled by M-RNTI and G-RNTI
Use of USS for RRC_CONNECTED UEs for receiving multicast PDCCH is not precluded
The AL or number of PDCCH candidates to monitor in the search space set configuration can be based on UE with the worst coverage in the group
6. DCI Format for scheduling NR MBS transmissions:
As a baseline DCI format 1_0 (fallback DCI) can be re-used
For RRC_CONNECTED UEs, use of DCI format 1_1 is not precluded. In this case, the search space configuration for monitoring the PDCCH with containing scheduling DCI should support DCI 1_1
If needed, a compact DCI format for multicast scheduling can be defined
7. RRC_CONNECTED UEs may be able to receive both multicast and unicast transmissions within a slot.
8. Simultaneous reception of unicast and multicast transmissions by a UE on orthogonal DM-RS ports is not precluded.
9. For NR MBS support of multi-layer MIMO transmission with rank adaptation is not precluded
10. For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, multiplexing UEs receiving unicast transmission on remaining orthogonal DM-RS ports is not precluded
11. Advanced transmission schemes like multiuser superposition transmission (MUST) for improving group spectral efficiency are not precluded
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