
3GPP TSG RAN WG1 #103-e
         
                                R1-2009274
e-Meeting, October 26th – November 13th, 2020
Agenda item:
8.12.1
Source:
Qualcomm Incorporated
Title:
View on group scheduling for Multicast RRC_CONNECTED UEs
Document for:
Discussion and Decision
1. Introduction 

In RAN1#102-e meeting, we have the following agreements for group scheduling and UE feedback of Multicast RRC_CONNECTE UEs.
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.

o   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, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.

· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.

· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
Agreements:

· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 

· FFS: whether enhancement is needed
Agreements:

· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.

· FFS: whether enhancement is needed.
In this document, we will present our views on the further details of group scheduling for Multicast RRC_CONNECTED UEs.

2. Discussion 

2.1 BWP for Multicast
In previous RAN1 meeting, we have agreed a common frequency resource is defined/configured for MBS reception. Some companies prefer to only define a common frequency resource among each UE’s dedicated BWP. However, it is not clear how to provide the configuration of group-common PDCCH (GC-PDCCH) and group-common PDSCH (GC-PDSCH) to the UE. In NR, the pdcch-Config and pdsch-Config are configured for unicast PDCCH and PDSCH transmission within BWP-DownlinkDedicated. If the network would align the PDCCH/PDSCH configuration per UE by implementation, those common parameters of PDCCH/PDSCH can be applied to the GC-PDCCH/GC-PDSCH for multicast transmission. However, it strictly limits the flexibility of unicast transmission per UE. 
If a Multicast BWP (MC BWP) is defined, pdcch-Config and pdsch-Config can be configured associated with the MC BWP. The common parameters are applied to the GC-PDCCH/GC-PDSCH, independent from that of unicast PDCCH/PDSCH in the same dedicated BWP. As we will see in the remaining of this contribution, this structure allows to reuse most of the unicast RRC signalling while allowing for independent configurations between unicast and multicast reception.
Observation 1: Most of the parameters related to PDCCH/PDSCH reception are configured per BWP. Reusing the BPW signalling to define the common frequency resource for multicast reception allows for flexible configuration for GC-PDCCH/GC-PDSCH.
In NR, the network may configure the UE with up to 4 dedicated DL BWPs for unicast transmission, but only one DL BWP can be active at a given time. For the UE who supports NR multicast, it can be configured with one or more Multicast BWPs, where a MC BWP ID is used corresponding to the UE groups receiving different multicast services. Based on RAN1 agreement, the common part of UE1 BWP and UE2 BWP can be the frequency band for a Multicast BWP, as illustrated in Figure 1. UE1 can monitor the GC-PDCCH/GC-PDSCH transmitted in the MC BWP when UE1 BWP is active and UE2 can monitor MC BWP when UE2 BWP is active.
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Figure 1 Multicast BWP for GC-PDCCH/GC-PDSCH
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Figure 2 Dedicated DL BWP and MC BWP mapping per UE
From a UE point of view, it can be 1-to-1, N-to-1 or 1-to-N mapping between the DL BWP ID and the MC BWP ID as illustrated in Figure 2. The MC BWP can be associated with a DL BWP when the MC BWP is fully contained in the DL BWP and using the same numerology (SCS/CP). If the DL BWPs are partially overlapping, multiple DL BWPs may include the same MC BWP. The UE will only monitor a MC BWP if its associated DL BWP is active. In this way, it can avoid the procedure of BWP switching when receiving unicast and multicast in an active DL BWP. For example, the MC BWP 1 and MC BWP 2 are configured for different multicast services, which are associated with DL BWP1 and fully contained within the DL BWP 1. But the MC BWP 2 is only associated with DL BWP2, not DL BWP1. If DL BWP1 is active, the UE can monitor the multicast services transmitted in MC BWP 1 and MC BWP 2; while the UE can only monitor MC BWP 2 when DL BWP 2 is active. 
Proposal 1: For RRC_CONNECTED UEs, one or more Multicast BWPs can be configured per UE for GC-PDCCH/GC-PDSCH reception.

· A Multicast BWP is configured to be associated with a dedicated DL BWP if it is fully contained in the dedicated DL BWP and using the same numerology. 

· UE can monitor a Multicast BWP if its associated dedicated DL BWP is active.

2.2 Configuration of GC-PDCCH for Multicast

In NR, the UE may be configured with up to 3 CORESETs per DL BWP. Counting max 4 DL BWPs on a serving cell, there are up to 12 CORESETs on a serving cell. If Multicast BWP is configured within a DL BWP, the CORESET for GC-PDCCH should be within the frequency range of the Multicast BWP. The total number of CORESETs per dedicated DL BWP may be split into those for unicast PDCCH and those for multicast GC-PDCCH in the Multicast BWP. The total number of CORESETs may not need to be increased. The CORESET for a Multicast BWP is active only if their associated dedicated DL BWP is active. The CORESET parameters, such as frequency domain resources, symbol duration, CCE-REG-mapping, and PDCCH DMRS scrambling ID, can be independently configured for GC-PDSCH.
Proposal 2: For RRC_CONNECTED UEs, CORESET for GC-PDCCH is configured per Multicast BWP.
Similarly, the search space (SS) for GC-PDCCH is configured per Multicast BWP, which can be independent from that of the SS for unicast PDCCH considering their various traffic patterns. The SS for GC-PDCCH will be associated with a CORESET configured for the same Multicast BWP. The SS for GC-PDCCH is mainly for downlink traffic, which would be different from the USS for a particular UE to monitor the PDCCH for the unicast UL/DL data, and 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.). The UE may be configured with up to 10 SS sets per DL BWP. Counting max 4 DL BWPs on a serving cell, there are up to 40 SS sets on a serving cell. The total number of SS sets per dedicated DL BWP may be split into those for unicast PDCCH and those for multicast GC-PDCCH in the Multicast BWP. The total number of SS sets is sufficiently large to cover unicast and multicast scheduling. 
The SS type can be CSS to use DCI format 1_0 or USS to use DCI format 1_1. The monitoring occasion of SS for GC-PDCCH could be overlapping with the CSS and USS configured for the unicast PDCCH in the dedicated DL BWP. The PDCCH in the CSS sets will be mapped before USS sets and the USS sets are mapped in ascending order of the SS set indices. These rules for legacy PDCCH to keep the desired priority can be reused as much as possible for GC-PDCCH. The DCI size for GC-PDCCH and unicast PDCCH using same DCI format should be aligned to avoid increasing blind detection number. 
Proposal 3: For RRC_CONNECTED UEs, CSS and/or USS for GC-PDCCH can be configured per Multicast BWP.
· Reuse legacy priority rules for mapping CSS and USS sets for GC-PDCCH.

Proposal 4: For RRC_CONNECTED UEs, at least DCI format 1_0 and 1_1 can be used for GC-PDCCH.

· FFS DCI size alignment for GC-PDCCH and unicast PDCCH with same DCI format.
The GC-PDCCH monitoring for multicast may increase the number of BDs/CCEs on top of unicast PDCCH monitoring in a serving cell. Similar as the multi-TRP, the BDs/CCEs for GC-PDCCH monitoring may be counted as a virtual CC based on CA framework. If the total budget of BDs/CCEs is shared between GC-PDCCH and unicast PDCCH across all the CCs, it will not require additional UE complexity.  
Proposal 5: For RRC_CONNECTED UEs, consider the GC-PDCCH monitoring for multicast as a virtual CC to count the number of BDs/CCEs.
2.3 Configuration of GC-PDSCH for Multicast

For legacy NR broadcast signalling, e.g., SIB or paging, the configuration is using default values, such as initial BWP, CORESET0, which are cell-specific. The multicast data transmission could achieve higher data rate with G-RNTI than broadcast signalling, due to e.g. small area SFN operation (which increases the cell-edge SINR). For the reception of unicast transmission, PDSCH/PDCCH associated with C-RNTI is configured per dedicated DL BWP. It is therefore desirable to configure a set of parameters for GC-PDSCH which are common to a group of multicast UEs, but separately configured from those of unicast PDSCH. Some examples of configuration parameters include PDSCH TDRA, scrambling index, MBS table, RBG size, VRB-to-PRB interleaver, rate matching patterns, etc.. Also, the DMRS and PTRS density/power may need to be different from the ones related to unicast PDSCH. 

Proposal 6: For RRC_CONNECTED UEs, common parameters for GC-PDSCH are configured per Multicast BWP.
Considering the aperiodic and periodic multicast traffic, it is beneficial to consider dynamic GC-PDSCH and SPS GC-PDSCH for different scenarios. For SPS GC-PDSCH, the GC-PDCCH will be used to activate and deactivate the SPS GC-PDSCH for a group of UEs. The configurations for dynamic GC-PDSCH and SPS GC-PDSCH is per Multicast BWP. 

Proposal 7: For RRC_CONNECTED UEs, support dynamic GC-PDSCH and SPS GC-PDSCH configuration per Multicast BWP. 

· GC-PDCCH is used for SPS GC-PDSCH activation/deactivation.
· FFS: more than one SPS GC-PDSCH.

2.4 GC-PDCCH vs. UE-specific PDCCH
In last RAN1 meeting, we have discussed the possibility of using UE-specific PDCCH to schedule the PDSCH for multicast transmission. 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 HARQ combining by using G-RNTI or C-RNTI, as illustrated in Figure 3. 
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Figure 3 Possible RAN architecture for multicast transmission

This enhancement involves the interaction between G-RNTI and C-RNTI to support the new type of multicast HARQ operation, if defined. The HARQ process ID indicated in UE-specific PDCCH can be configured to associate with that of GC-PDSCH scheduled by GC-PDCCH. A flag in DL DCI with C-RNTI may be used to differentiate the HARQ process ID for unicast and multicast traffic. The UE-specific PDCCH for multicast retransmission can be scheduled in the dedicated BWP but not limited by the Multicast BWP, which is only monitored by the UE who requires the retransmission.
Proposal 8: UE-specific PDCCH can be used to schedule PDSCH for multicast retransmission.

· UE-specific PDCCH schedules multicast retransmission with HARQ process ID associated with that of GC-PDSCH scheduled by GC-PDCCH. 

2.5 Simultaneous reception of unicast and multicast 
In current specifications, a UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation. In RAN1#102-e, we have agreed to support FDM between unicast PDSCH and GC-PDSCH in a slot based on UE capability. If UE can support TDM on top of FDM in a slot, the max number of PDSCH allocated to a UE will be increased more, which may be larger than the existing UE capability. RAN1 needs to discuss whether separate UE capabilities are needed for FDM only, TDM only, or FDM+TDM. It may also need to be considered whether the capability is per UE, per band, per CC or per band-of-BC.

Regarding SDM, it would be slightly more complicated. It may be unicast PDSCH and multicast PDSCH with fully overlapped REs or partially overlapped REs in time/frequency domain. The interference from a UE’s unicast PDSCH to the GC-PDSCH for a group of UEs may degrade the multicast reception performance, resulting in much higher probability of detection failure and more retransmissions than the case of single-user SDM of unicast and unicast PDSCH. Further investigation is needed to see the benefits by using SDM between unicast and multicast reception in a slot. 
Proposal 9: Consider separate UE capabilities for FDM only, TDM only, or FDM+TDM for unicast PDSCH and GC-PDSCH in a slot.
Furthermore, 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 10: 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.

2.6 Signalling for Multicast Configuration
For RRC_CONNECTED UEs, the configuration for unicast as well as multicast is received by unicast RRC signalling, which is straightforward with minimal spec impact. As we have agreed, the HARQ-ACK feedback and CSI feedback are supported for multicast transmission to achieve higher reliability and spectral efficiency. The feedback-related parameters, which are discussed in companion contribution [1], need to be indicated by dedicated unicast RRC signalling. For RRC_IDLE/INACTIVE UEs, it may be helpful to indicate the availability of multicast services (not the detailed configuration parameters for multicast reception) via broadcast signalling, which is used for cell selection/reselection. But it would be up to ongoing RAN2 discussion [2].

For broadcast services, as discussed in our parallel contribution [3], the scheduling mechanism and signalling can be different. As in LTE SC-PTM, it has been defined for supporting UEs in all RRC states and it is configured by the means of broadcast signalling, such as SIB/MCCH. This mechanism can be considered as a Broadcast configuration for both RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs to receive broadcast services. 
Proposal 11: For RRC_CONNECTED UEs, the configuration for NR multicast reception is received by unicast RRC signalling.
3. Conclusion


In this contribution, we discussed various aspects related to group scheduling for NR multicast RRC_CONNECTED UEs with the following proposals: 
For multicast bandwidth configuration:
Observation 1: Most of the parameters related to PDCCH/PDSCH reception are configured per BWP. Reusing the BPW signalling to define the common frequency resource for MBS allows for flexible configuration for GC-PDCCH and GC-PDSCH.
Proposal 1: For RRC_CONNECTED UEs, one or more Multicast BWPs can be configured per UE for GC-PDCCH/GC-PDSCH reception.

· A Multicast BWP is configured to be associated with a dedicated DL BWP if it is fully contained in the dedicated DL BWP and using the same numerology. 

· UE can monitor a Multicast BWP if its associated dedicated DL BWP is active.

For GC-PDCCH configuration:
Proposal 3: For RRC_CONNECTED UEs, CSS and/or USS for GC-PDCCH can be configured per Multicast BWP.

· Reuse legacy priority rules for mapping CSS and USS sets for GC-PDCCH.

Proposal 4: For RRC_CONNECTED UEs, at least DCI format 1_0 and 1_1 can be used for GC-PDCCH.

· FFS DCI size alignment for GC-PDCCH and unicast PDCCH with same DCI format.
Proposal 5: For RRC_CONNECTED UEs, consider the GC-PDCCH monitoring for multicast as a virtual CC to count the number of BDs/CCEs.

For GC-PDSCH configuration:
Proposal 6: For RRC_CONNECTED UEs, common parameters for GC-PDSCH are configured per Multicast BWP.

Proposal 7: For RRC_CONNECTED UEs, support dynamic GC-PDSCH and SPS GC-PDSCH configuration per Multicast BWP. 

· GC-PDCCH is used for SPS GC-PDSCH activation/deactivation.
· FFS: more than one SPS GC-PDSCH.

For UE-specific PDCCH vs. GC-PDCCH:
Proposal 8: UE-specific PDCCH can be used to schedule PDSCH for multicast retransmission.

· UE-specific PDCCH schedules multicast retransmission with HARQ process ID associated with that of GC-PDSCH scheduled by GC-PDCCH. 

For simultaneous transmission between unicast and multicast:
Proposal 9: Consider separate UE capabilities for FDM only, TDM only, or FDM+TDM for unicast PDSCH and GC-PDSCH in a slot.
Proposal 10: 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.

For signalling of multicast configuration:
Proposal 11: For RRC_CONNECTED UEs, the configuration for NR multicast reception is received by unicast RRC signalling.
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