Page 1

[bookmark: _GoBack]3GPP TSG RAN WG1 #103-e		    	R1-2009000
e-Meeting, October 26th – November 13th, 2020

Source:	Intel Corporation
Title:	Group Scheduling for NR MBS
Agenda item:	8.12.1
Document for:	Discussion and Decision
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 agreements were reached in RAN1-102-e Meeting [1]:
	Agreements:
· For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed


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. Common Frequency Resource for MBS Reception
In RAN1#102-e it was agreed that a common frequency resource is defined for reception of the group-common PDSCH carrying the MBS data. How and where this frequency resource is configured needs to be further specified. One option is to ensure that the common frequency resource is within the active BWP of the UEs in the group. In this case, the MBS frequency resource must be within the intersection of the active BWPs (with same SCS) of the group of UEs. One advantage to such a configuration would be that BWP switching time would not be required. Conversely an MBS specific BWP can also be configured for all UEs in the group and the UEs would need to switch to the MBS BWP to receive the group common PDSCH. In the latter case, the CORESET containing the scheduling PDSCH may still be in the current active BWP of the UEs and as a result would need to be within the intersection of the active BWPs. BWP configuration also entails many additional configurations which may not be necessary for supporting NR MBS reception. Therefore, the BWP framework need not fully utilized i.e., either a separate frequency resource or a special BWP with only the SCS, starting PRB index, number of PRBs and cyclic prefix can be configured as the common frequency resource 
Proposal 1: The common frequency resource for receiving group common PDSCH should be contained within the active BWPs of the UEs in the group. The CORESET for the group-common PDCCH carrying the scheduling DCI should be contained within the defined MBS frequency resource. 
Proposal 2: BWP framework need not be fully re-used and special frequency resource or a special BWP can be configured which includes at least a configuration of subcarrier spacing (SCS), cyclic prefix (CP), starting PRB index via an offset to the common resource block (CRB) #0, and a number of PRBs on the CRB grid.
Proposal 3: The FDRA field of the DCI should be dimensioned on the basis of the common frequency resource for the MBS group-common PDSCH reception.
[bookmark: _Hlk54282654]2.2. Details on Group Scheduling
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, three 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 SC-RNTI for MCCH reception, SC-N-RNTI for configuration change notification and a G-RNTI for MTCH reception.  [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 4: 
Define a new RNTI, namely SC-RNTI for scrambling the CRC of DCI scheduling a PDSCH mapped to the MCCH containing multicast configuration information 
Define a new RNTI, namely the SC-N-RNTI for scrambling the CRC of the DCI notifying a change in the multicast configuration.
Define a new group RNTI, namely G-RNTI for scrambling the CRC of DCI scheduling a PDSCH carrying the multicast data corresponding to MTCH

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: _Hlk47554835][bookmark: _Hlk54388020]Proposal 5: For groupcast, search space configuration for monitoring DCI scheduling multicast PDSCH can have the following options:
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, define new NR CSS Type 4 for monitoring multicast DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI

When a large number of UEs are grouped together, scheduling PDCCH is USS may incur high control overhead. However, for a small number of UEs, USS may be a good alternative for scheduling group-common PDSCH. Furthermore, for HARQ feedback, support of USS with G-RNTI can enable UE specific or small sub-group specific retransmission. 
Proposal 6: For RRC_CONNECTED UEs groupcast PDCCH can also be monitored in USS
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 7: 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.
For 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 8: RRC_CONNECTED UEs may be able to receive both multicast and unicast transmissions within a slot in a TDM manner. Simultaneous reception of unicast and multicast transmissions by a UE on orthogonal DM-RS ports is not precluded.

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. 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 9: DCI Format for scheduling NR MBS transmissions:
As a baseline DCI format 1_0 (fallback DCI) can be re-used
If needed, a compact DCI format for multicast scheduling can be defined

Note that optionally UEs can reinterpret the DCI format 1_0 when its CRC is scrambled by G-RNTI, SC-RNTI or SC-N-RNTI. Since the FDRA field of the group-common DCI will be dimensioned on the common MBS frequency resource, and different UEs may different active BWPs, DCI size alignment may need to be considered.
Proposal 10: The group-common DCI format for MBS transmission is included in the scheduling DCI size budget of 3 for UEs and UEs can perform size alignment for other DCI formats if MBS DCI size exceeds other scheduling DCI in its active BWP. 
Since NR MBS has varied use cases including video streaming, there is a possibility of transmission of periodic traffic and therefore DL SPS may be used for NR MBS scheduling. The HARQ for SPS release can be supported since HARQ support was agreed at least for connected mode UEs.
Proposal 11: DL semi-persistent scheduling can be used for NR multicast PDSCH transmission 
2.3. 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 12: 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 13: 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 14: 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. The common frequency resource for receiving group common PDSCH should be contained within the active BWPs of the UEs in the group. The CORESET for the group-common PDCCH carrying the scheduling DCI should be contained within the defined MBS frequency resource. 
1. BWP framework need not be fully re-used and special frequency resource or a special BWP can be configured which includes at least a configuration of subcarrier spacing (SCS), cyclic prefix (CP), starting PRB index via an offset to the common resource block (CRB) #0, and a number of PRBs on the CRB grid.
1. The FDRA field of the DCI should be dimensioned on the basis of the common frequency resource for the MBS group-common PDSCH reception.
1. Define a new RNTI, namely SC-RNTI for scrambling the CRC of DCI scheduling a PDSCH mapped to the MCCH containing multicast configuration information. Define a new RNTI, namely the SC-N-RNTI for scrambling the CRC of the DCI notifying a change in the multicast configuration. Define a new group RNTI, namely G-RNTI for scrambling the CRC of DCI scheduling a PDSCH carrying the multicast data corresponding to MTCH.
1. For groupcast, search space configuration for monitoring DCI scheduling multicast PDSCH can have the following options:
· 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, define new NR CSS Type 4 for monitoring multicast DCI with CRC scrambled by SC-RNTI, SC-N-RNTI and G-RNTI
1. For RRC_CONNECTED UEs groupcast PDCCH can also be monitored in USS
1. 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.
1. RRC_CONNECTED UEs may be able to receive both multicast and unicast transmissions within a slot in a TDM manner. Simultaneous reception of unicast and multicast transmissions by a UE on orthogonal DM-RS ports is not precluded.
1. DCI Format for scheduling NR MBS transmissions:
· As a baseline DCI format 1_0 (fallback DCI) can be re-used
· If needed, a compact DCI format for multicast scheduling can be defined
1. The group-common DCI format for MBS transmission is included in the scheduling DCI size budget of 3 for UEs and UEs can perform size alignment for other DCI formats if MBS DCI size exceeds other scheduling DCI in its active BWP.
1. DL semi-persistent scheduling can be used for NR multicast PDSCH transmission
1. For NR MBS support of multi-layer MIMO transmission with rank adaptation is not precluded
1. 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
1. Advanced transmission schemes like multiuser superposition transmission (MUST) for improving group spectral efficiency are not precluded

References
[1] [bookmark: _Ref47537577]RP-193248, New Work Item on NR Support of Multicast and Broadcast Services, Huawei, RAN#86, Sitges, Spain, December 2019.
[2] [bookmark: _Ref47537434]Chairman’s Notes, 3GPP RAN1 102-e Meeting, August 2020
[3] [bookmark: _Ref54271229]R1-2009001, Mechanisms to improve reliability of NR MBS, Intel Corporation, RAN1#103-e Meeting, October 2020.
[4] R1-2009002, NR MBS for RRC_IDLE and INACTIVE UEs, Intel Corporation, RAN1#103-e Meeting, October 2020.
[5] 3GPP TR 36.890 v13.0.0, Study on Single Cell Point-to-Multipoint Transmission (Release 13)
[6] [bookmark: _Ref47541449]3GPP TS 38.211 v16.2.0, NR Physical Channels and Modulation (Release 16)
[7] 3GPP TS 38.212 v16.2.0, NR Multiplexing and Channel Coding (Release 16)
[8] [bookmark: _Ref47538706]3GPP TS 38.213 v16.2.0, NR Physical Layer Procedures for Control (Release 16)
[9] 3GPP TS 38.214 v16.2.0, NR Physical Layer Procedures for Data (Release 16)




11/20

