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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.


Based on the agreements reached in RAN1 #102-e and #103-e Meetings [2][3], in this paper we provide further discussion on group scheduling to enable NR-MBS reception for RRC_CONNECTED UEs. 
2. Discussion 
In this section we provide details on system design considerations for group scheduling for NR MBS including transmission schemes, common frequency resource and control signaling.
2.1. Common Frequency Resource for MBS Reception
In RAN1#104-e the following working assumption was reached for the configuration of the MBS frequency resource for scheduling group common PDSCH in the downlink. 
	Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP 
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
· Note: This agreement does not negate any previous agreements made on CFR

Agreement:
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.



For NR MBS, the configuration of a CFR was agreed for RRC_CONNECTED UEs. While it’s important to provide UE with necessary parameters via SIB or RRC signaling, a default assumption can also be defined where the default the MBS CFR is identical to active unicast BWP for the case when no configuration is provided to the UE. 
Proposal 1: A default CFR identical to active unicast BWP can be defined for UEs when no CFR configuration is provided
While the details of CFR design for IDLE mode UEs are still under discussion, RAN1 should strive to achieve a unified CFR design for CONNECTED and IDLE mode UEs. For example, if the default CFR of IDLE mode UEs is agreed to be CORESET#0, then CONNECTED mode UEs may also be configured with same CORESET#0. 
Proposal 2: RAN1 should strive for unified CFR for CONNECTED and IDLE mode UEs
UEs that support MBS reception may also support an additional CFR CORESET in addition to the already supported maximum if 3 unicast CORESETs per BWP. The support of the additional CFR CORESET may be a UE capability. Additionally, if IDLE mode UEs support a CORESET larger than CORESET#0, the gNB may configure the same CORESET as a CFR CORESET for the CONNECTED mode UEs as well. 
Proposal 3: MBS capable UEs may support an additional CFR CORESET for monitoring MBS PDCCH and the support of the additional CORESET can be a UE capability.
The MBS CFR is a tool for FDRA for UEs to receive MBS transmission, but the region is contained within the unicast BWP and therefore, there need not be any restriction on unicast reception within the CFR.
Proposal 4: The UE expects no restriction on unicast reception within the CFR since it is contained within the active DL BWP of the UE.
The use case of more than common frequency region is unclear since by defining a large enough common region the gNB can always use further resource allocation to control the actual frequency domain scheduling. 
Proposal 5: One CFR per dedicated BWP is sufficient for scheduling MBS transmissions.
2.2. Support of PTM Schemes for NR MBS
In RAN1#104-e the following agreements [3] were reached for support of different transmission schemes based on different control signaling mechanisms: 
	Agreement:
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, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.




PTM Scheme 1 is the baseline scheme that enables group-common transmissions for MBS. PTM Scheme 2 is additionally defined wherein UE specific PDCCH can be used to transmit or retransmit the group-common MBS PDSCH. The utility of PTM Scheme 2 for initial transmission may be limited since scheduling group-common PDSCH using UE-specific PDCCH adds large control overhead. Since PTM scheme 2 uses UE-specific PDCCH, the utility of this scheme becomes apparent only when ACK/NACK based HARQ is supported similar to the case for PTP based retransmission which was agreed in RAN1#104-e. For the NACK only feedback case, the gNB cannot discern which UE within the group has the failed TB and therefore UE specific retransmission may not be ideal since it needs to retransmit the failed TB to the entire group. 
Proposal 6: PTM Scheme 2 should be supported when ACK/NACK based HARQ feedback is configured or enabled for the UEs within a group.
Since ACK/NACK based HARQ is supported for RRC_CONNECTED UEs which can receive high QoS MBS transmissions using delivery mode 1 based on RAN2 design, the support of PTP and PTM Scheme 2 simultaneously may not be mandated. Since both schemes are capable of scheduling individually to only UEs which transmitted a NACK, either one of the schemes can be supported and the support can be semi-statically configured via UE-specific RRC signaling. 
Proposal 7: Only one among PTP or PTM Scheme 2 can be supported for UE specific retransmission when the initial transmission was based on PTM Scheme 1. The support of PTP or PTM Scheme 2 can be configured by UE-specific RRC signaling. Different UEs in a group can potentially support different retransmission schemes but not both simultaneously. 
In order for the UE to associate the PTM scheme 2 based re-transmission to the initial transmission using PTM Scheme 1, the HARQ process ID can be used as an identifier similar to the PTP based retransmission case. Additionally, based on semi-static configuration of PTP or PTM scheme 2, the UE can identify whether to use C-RNTI (PTP) or the group common RNTI (PTM Scheme 2) to descramble the PDSCH. It is also assumed that the UE does not expect a unicast transmission with the same HARQ process ID as the ongoing MBS transmission.
Proposal 8: The HARQ process ID is used to associate PTM Scheme 2 based retransmission with the initial transmission using PTM Scheme 1. The UE does not expect to receive a unicast transmission using the same HARQ process ID as the ongoing MBS transmission. 
In case, PTP and PTM scheme 2 needs to be simultaneously from the perspective of a single UE, then the HARQ process ID does not suffice since the UE will need an additional signaling especially for the case of PTP to differentiate it from PTM Scheme 2 since different RNTIs are used to scramble the PDSCH. In this case, an additional bit may be required in DCI to indicate between PTP or PTM Scheme 2. However, since the utility of simultaneously supporting the two schemes is not clear, such options may not be needed in practice. Additionally, it is assumed that the MBS frequency resource is contained within the active UE BWP. Therefore, PTM scheme 2 does not need to re-interpret the FDRA field of DCI with respect to the MBS frequency region and can simply allocate the MBS frequency region using FDRA within the active DL BWP. 
In order to support both delivery mode 1 and 2, connected mode UEs can be configured with different group RNTIs each corresponding to a delivery mode and the UE can differentiate the delivery modes based on the RNTI used for scrambling.
Proposal 9: Different group RNTIs corresponding to high and low QoS delivery modes are configured for RRC_CONNECTED UEs

2.6. NR MBS Configuration for Delivery Mode 2
To facilitate the reception of broadcast transmission in delivery mode 2, a configuration framework similar to LTE SC-PTM can be used with configuration transmitted over SC-MCCH (carried over a PDSCH) and MBS data over SC-MTCH[footnoteRef:1]. The DCI scheduling the PDSCH carrying the MCCH for MBS configuration should be a DCI format 1_0 with CRC scrambled by SC-RNTI. The configuration change notification can be carried via a DCI 1_0 with CRC scrambled with SC-N-RNTI.  [1: For the purpose of this paper, we refer to LTE logical channels SC-MCCH and SC-MTCH under the assumption that similar logical channels will be defined in NR.] 


The PDCCH which schedules the MCCH carrying the MBS configuration can be monitored in a Type0-PDCCH CSS set configured by searchSpaceZero in PDCCH-CommonConfig and associated with a CORESET#0 for both RRC_CONNECTED and IDLE mode UEs. Alternately it can be monitored in a new PDCCH CSS set e.g., mcch-searchSpace which is configured by the MBS specific PDCCH-ConfigCommon. 

Proposal 10: For delivery mode 2, MBS configuration is provided via a MCCH carried over a PDSCH scheduled by a PDCCH carrying a DCI format 1_0 with CRC scrambled with a new SC-RNTI. Change in configuration can be notified through a PDCCH carrying another DCI 1_0 with CRC scrambled with SC-N-RNTI. 

Proposal 11: The PDCCH scheduling the MCCH is monitored in Type0 CSS set configure by searchSpaceZero or Type0A CSS set or alternately on new mcch-searchSpace which is a CSS configured by the MBS specific PDCCH-ConfigCommon. 

2.3. PDCCH Related Enhancements for MBS
In RAN1#103-e the following agreements were reached for NR MBS PDCCH:
	Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.

Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.




For PTM Scheme 1, the CORESET for the group-common PDCCH is configured within the MBS frequency region, but for PTP or PTM scheme 2 which uses UE-specific PDCCH, the restriction is not required and the CORESET can be configured within the unicast BWP and outside the MBS frequency region.
Proposal 12: For PTP or PTM scheme 2, the CORESET scheduling MBS (re)transmission can be configured outside the MBS frequency region. 
For determining the BD/CCE limits for MBS, similar methodology as in the of multi-DCI multi-TRP can be re-used for CA capable UEs as mentioned in option 2 of the third agreement above. However, for UEs without CA capability, the Rel-15/16 limits can be kept unchanged. Therefore, the two options should co-exist in specification since they address different categories of UEs. 
Proposal 13: For determining BD/CEE limits for NR MBS in Rel-17, Option 1 should be supported for UEs without CA capability and Option 2 should be supported for UEs with CA capability. Down-selection is not necessary.
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]. Since it is already agreed that group common PDCCH based scheduling will be supported, the search space set for monitoring the group-common PDCCH 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 SC-RNTI, SC-N-RNTI and G-RNTI. 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: _Hlk54388020][bookmark: _Hlk47554835][bookmark: _Hlk61897444]Proposal 14: Search space set configuration for monitoring DCI scheduling multicast PDSCH can re-use NR Type 3 CSS configuration while additionally supporting monitoring of DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI. Alternately, a new NR CSS Type can be defined for monitoring multicast DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI

For the monitoring priority of search space sets for MBS should be kept identical to that of Rel-15/16 i.e., the priority of CSS and USS, if supported, monitoring MBS PDCCH should be same as that of unicast. 

Proposal 15: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS and USS (if supported)

For groupcast transmission to RRC_CONECTED UEs using delivery mode 1 (high QoS), DCI format 1_1, 1_2 can be used. Furthermore, if needed, a new DCI format which is more compact than DCI 1_1, 1_2 but more flexible than fallback format 1_0 may be defined for NR MBS.

Additionally, when delivery mode 2 is supported, IDLE/INACTIVE mode UEs are also part of the group receiving the MBS transmission and in this case DCI format 1_0 should be used. 
 
[bookmark: _Hlk47554894]Proposal 16: DCI Format for scheduling NR MBS transmissions:
Delivery Mode 1 (high QoS): DCI formats 1_1, 1_2 can be used. If needed, a compact DCI format for multicast scheduling can be defined
Delivery Mode 2 (low QoS): DCI format 1_0 can be used since the group of UEs can also include RRC_IDLE/INACTIVE mode UEs

The working assumption on keeping the “3+1” size budget for MBS should be confirmed. The G-RNTI can be included in the count of “3” C-RNTIs and DCI size alignment can be performed when size mismatch occurs.
Proposal 17: Working assumption on keeping “3+1” DCI size budget should be confirmed and G-RNTI should be counted together as one of the “3” C-RNTIs and not as “Other RNTI”. 

2.4. Multiplexing with Unicast Transmissions
	Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 

Agreements: For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).

Agreements:Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE



It has been agreed that TDM and FDM between one unicast and one group common PDSCH in a slot is supported based on UE capability. In the agreement to support simultaneous reception, the cases listed include support for receiving multiple group common PDSCHs in a slot either in TDM or FDM manner. However, the use case for the support of multiple PDSCHs is unclear. The use cases should be further clarified e.g., if this is related to the reception of multiple MBS services from higher layer or PDSCHs with different QoS requirements i.e., reception from both delivery mode 1 and 2. Additionally, the maximum number of PDSCHs that can be simultaneously received in a slot may be subject to UE capability since it may have major impact on pipelining and related UE complexity. 
Observation 1: The use case for multiple simultaneous MBS PDSCH reception should be clarified further before choosing supported cases for multiplexing. The total number of PDSCHs that can be simultaneously received may be subject to UE capability. 
Since reception of fully time overlapped PDSCHs adds to UE complexity, the agreed FDM reception of MBS and unicast should be subject to UE capability signaling 
Proposal 18: The reception of MBS and unicast in FDM mode should be a UE capability
2.5. Semi-Persistent Scheduling
	Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.

Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

Working assumption:
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation



For SPS activation for NR MBS, group common PDCCH with CRC scrambled by group RNTI can be used, where the HARQ ID field is set to all 0’s and the RV field is set to 00 for the TB being scheduled. PUCCH resource for carrying HARQ-ACK feedback of SPS PDSCH for MBS may be configured by higher layers via RMSI (SIB1), OSI or RRC signalling. The SPS release can be performed through a similar group common DCI with the HARQ ID set to all 0’s, MCS and FDRA field set to all 1s and RV set to 0. For the SPS release DCI, the UEs can send HARQ feedback through UE-specific (if ACK/NACK feedback is supported) or cell specific (if NACK only feedback is supported) PUCCH resource configured via dedicated RRC signalling. 
Proposal 19: For DL SPS configuration for NR MBS
· Group common PDCCH is used for SPS activation with HARQ ID field set to all 0’s and RV field set to 00 for the TB being scheduled\
· PUCCH resource for HARQ feedback may be configured via RMSI, OSI or RRC
· For SPS release, similar group common PDCCH can be used with HARQ ID set to all 0s, MCS and FDRA set all 1’s and RV set 0. For SPS release DCI, UE can be configured with PUCCH resource via RRC
· The PUCCH resources for HARQ feedback for SPS PDSCH as well as the SPS release DCI can be UE-specific if ACK/NACK based feedback is supported or configured or a common PUCCH resource can be configured for the case when NACK-only feedback is supported or configured. 

2.6. Other Issues
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 can be further discussed.
[bookmark: _Hlk47554790]Proposal 20: NR MBS uses PDSCH Mapping Type A with DM-RS Type 1 as a baseline. PDSCH Mapping Type B and use of Type 2 DM-RS are not precluded.
One of 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 21: For NR MBS support of multi-layer MIMO transmission with rank adaptation (from UE perspective) 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 22: For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, UEs receiving unicast transmission are multiplexed on remaining orthogonal DM-RS ports.
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 two 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 23: 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
Proposal 1: A default CFR identical to active unicast BWP can be defined for UEs when no CFR configuration is provided
Proposal 2: RAN1 should strive for unified CFR for CONNECTED and IDLE mode UEs
Proposal 3: MBS capable UEs may support an additional CFR CORESET for monitoring MBS PDCCH and the support of the additional CORESET can be a UE capability.
Proposal 4: The UE expects no restriction on unicast reception within the CFR since it is contained within the active DL BWP of the UE.
Proposal 5: One CFR per dedicated BWP is sufficient for scheduling MBS transmissions.
Proposal 6: PTM Scheme 2 should be supported when ACK/NACK based HARQ feedback is configured or enabled for the UEs within a group.
Proposal 7: Only one among PTP or PTM Scheme 2 can be supported for UE specific retransmission when the initial transmission was based on PTM Scheme 1. The support of PTP or PTM Scheme 2 can be configured by UE-specific RRC signaling. Different UEs in a group can potentially support different retransmission schemes but not both simultaneously. 
Proposal 8: The HARQ process ID is used to associate PTM Scheme 2 based retransmission with the initial transmission using PTM Scheme 1. The UE does not expect to receive a unicast transmission using the same HARQ process ID as the ongoing MBS transmission
Proposal 9: Different group RNTIs corresponding to high and low QoS delivery modes are configured for RRC_CONNECTED UEs
Proposal 10: For delivery mode 2, MBS configuration is provided via a MCCH carried over a PDSCH scheduled by a PDCCH carrying a DCI format 1_0 with CRC scrambled with a new SC-RNTI. Change in configuration can be notified through a PDCCH carrying another DCI 1_0 with CRC scrambled with SC-N-RNTI. 

Proposal 11: The PDCCH scheduling the MCCH is monitored in Type0 CSS set configure by searchSpaceZero or Type0A CSS set or alternately on new mcch-searchSpace which is a CSS configured by the MBS specific PDCCH-ConfigCommon. 

Proposal 12: For PTP or PTM scheme 2, the CORESET scheduling MBS (re)transmission can be configured outside the MBS frequency region. 
Proposal 13: For determining BD/CEE limits for NR MBS in Rel-17, Option 1 should be supported for UEs without CA capability and Option 2 should be supported for UEs with CA capability. Down-selection is not necessary.
Proposal 14: Search space set configuration for monitoring DCI scheduling multicast PDSCH can re-use NR Type 3 CSS configuration while additionally supporting monitoring of DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI. Alternately, a new NR CSS Type can be defined for monitoring multicast DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI

Proposal 15: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS and USS (if supported)

Proposal 16: DCI Format for scheduling NR MBS transmissions:
Delivery Mode 1 (high QoS): DCI formats 1_1, 1_2 can be used. If needed, a compact DCI format for multicast scheduling can be defined
Delivery Mode 2 (low QoS): DCI format 1_0 can be used since the group of UEs can also include RRC_IDLE/INACTIVE mode UEs

Proposal 17: Working assumption on keeping “3+1” DCI size budget should be confirmed and G-RNTI should be counted together as one of the “3” C-RNTIs and not as “Other RNTI”. 
Proposal 18: The reception of MBS and unicast in FDM mode should be a UE capability
Proposal 19: For DL SPS configuration for NR MBS
· Group common PDCCH is used for SPS activation with HARQ ID field set to all 0’s and RV field set to 00 for the TB being scheduled\
· PUCCH resource for HARQ feedback may be configured via RMSI, OSI or RRC
· For SPS release, similar group common PDCCH can be used with HARQ ID set to all 0s, MCS and FDRA set all 1’s and RV set 0. For SPS release DCI, UE can be configured with PUCCH resource via RRC
· The PUCCH resources for HARQ feedback for SPS PDSCH as well as the SPS release DCI can be UE-specific if ACK/NACK based feedback is supported or configured or a common PUCCH resource can be configured for the case when NACK-only feedback is supported or configured. 

Proposal 20: NR MBS uses PDSCH Mapping Type A with DM-RS Type 1 as a baseline. PDSCH Mapping Type B and use of Type 2 DM-RS are not precluded.
Proposal 21: For NR MBS support of multi-layer MIMO transmission with rank adaptation (from UE perspective) is not precluded.
Proposal 22: For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, UEs receiving unicast transmission are multiplexed on remaining orthogonal DM-RS ports.
Proposal 23: Advanced transmission schemes like multiuser superposition transmission (MUST) for improving group spectral efficiency are not precluded
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