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1. Introduction 

In RAN1#103-e meeting, we have the following agreements for group scheduling of Multicast RRC_CONNECTE UEs.
Working assumption: 

For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH

· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)

· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP

· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.

· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region

· FFS whether UE can be configured with no unicast reception in the common frequency resource

· FFS on details of the group-common PDCCH / PDSCH configuration

· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities

Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 

· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 

· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.

· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    

· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.

· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.

· FFS whether or not to have additional definition of transmission scheme(s)

Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.

· FFS: whether to support PTP transmission for retransmission(s).

· FFS: whether to support PTM transmission scheme 2 for retransmission(s).

· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.

· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?


Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 
Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs

· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation

· FFS: whether to support more than one SPS group-common PDSCH configuration per UE

· FFS: whether and how uplink feedback could be configured

· FFS: retransmission of SPS group-common PDSCH

Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.

· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.

Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS

· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

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

Agreements:For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.

· Option 1: Define a new search space type specific for multicast 

· Option 2: Reuse the existing CSS type(s) in Rel-15/16

· FFS: whether modifications are needed for multicast 

· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS

· FFS: detailed modifications 

Agreements:No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.

Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set

· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS

· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS

· Other options are not precluded 

· The monitoring priority is used at least for PDCCH overbooking case

· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)

In this document, we will present our views on further details of group scheduling for Multicast RRC_CONNECTED UEs.

2. Discussion 

2.1 MBS common frequency resource
In previous RAN1 meeting, we have agreed an WA for MBS common frequency resource with the two options:
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)

· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.

Option 2B is to only define a frequency region. 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. 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. If Option 2B is selected, we still need to discuss which parameters for MBS would be different from the ones of unicast, for example, GC-PDSCH TDRA, scrambling index, MBS table, RBG size, VRB-to-PRB interleaver, rate matching patterns, DMRS and PTRS density/power. 
If an MBS BWP is defined, pdcch-Config and pdsch-Config can be configured per MBS BWP. The common parameters are applied to the multicast reception, independent from that of unicast PDCCH/PDSCH in the 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 MBS BWPs, where an MBS 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 MBS BWP, as illustrated in Figure 1. UE1 can monitor the GC-PDCCH/GC-PDSCH transmitted in the MBS BWP when UE1 BWP is active and UE2 can monitor MBS BWP when UE2 BWP is active.
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Figure 1 MBS BWP for GC-PDCCH/GC-PDSCH
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Figure 2 Dedicated DL BWP and MBS 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 MBS BWP ID as illustrated in Figure 2. The MBS BWP can be regarded as a virtual BWP, which can be associated with a DL BWP when the MBS 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 MBS BWP. The UE will only monitor an MBS BWP if its associated DL BWP is active. In this way, there is no BWP switching (no RF retuning) when receiving unicast and multicast in an active DL BWP. The RRC_CONNECTED UEs will be configured with dedicated BWP, which is necessary to receive unicast RRC signaling. The MBS BWP if configured associated with a dedicated BW can be regarded as a virtual BWP, where a UE receives the unicast and multicast included in the same dedicated BWP. 

Using the existing BWP framework, each BWP includes a PDSCH-config and a PDCCH-config. Different multicast services could be transmitted to different UE groups, which leads to separate common frequency resource as well as different GC-PDSCH/PDCCH configurations. A UE in one dedicated BWP should be able to receive one or more multicast services in their corresponding MBS BWPs. For example, the MBS BWP 1 and MBS BWP 2 are configured for different multicast services, which are associated with DL BWP1 and fully contained within the DL BWP1. But the MBS 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 MBS BWP 1 and MBS BWP 2; while the UE can only monitor MBS BWP 2 when DL BWP 2 is active. 
Proposal 1: For RRC_CONNECTED UEs, common frequency resource is defined as an MBS specific BWP (Option 2A).

· UE can monitor an MBS BWP if it is full within the associated unicast BWP and with same numerology, where no BWP switching when receiving unicast and multicast.
· One or more MBS BWPs can be configured per UE subject to UE capability.
· One or more MBS BWPs can be configured per dedicated BWP subject to UE capability.

Proposal 2: For RRC_CONNECTED UEs, parameters of GC-PDSCH and GC-PDCCH are configured per MBS BWP.

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 MBS BWP is configured within a DL BWP, the CORESET for GC-PDCCH should be within the frequency range of the MBS BWP. The total number of CORESETs may be split into those for unicast PDCCH  in dedicated BWP and those for multicast GC-PDCCH in the MBS BWP. But the max total number of CORESETs may not need to be increased. The CORESET for a MBS 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 3: For RRC_CONNECTED UEs, more than one CORESET for GC-PDCCH can be configured per MBS BWP.
· Keep the maximum total number of CORESETs per MBS BWP same as that of unicast BWP.
· Keep the maximum total number of CORESETs per UE unchanged.
Similarly, the search space (SS) for GC-PDCCH is configured per MBS 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 MBS 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 MBS 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. For the following options for the monitoring priority of search space set, we think Option 1 or 2 is dependent on which SS is configured for GC-PDCCH.
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS

· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS

Proposal 4: For RRC_CONNECTED UEs, CSS and/or USS for GC-PDCCH can be configured per MBS BWP.

· Reuse legacy priority rules for mapping CSS and USS sets for GC-PDCCH in case of overbooking. Option 1 or 2 is dependent on which SS type is configured for GC-PDCCH.
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
Proposal 5: For RRC_CONNECTED UEs, at least DCI format 1_0 and 1_1 can be used for GC-PDCCH.

· DCI size is aligned between GC-PDCCH and unicast PDCCH using the 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. The following options for the BDs/CCEs limit can be both supported, dependent on UE capability. For the UE capable of CA, the BDs/CCEs for GC-PDCCH monitoring may be counted as a virtual CC similar as multi-TRP 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.  
· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Proposal 6: For RRC_CONNECTED UEs, support both options for BDs/CCEs limit for Rel-17 MBS:

· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

2.3 SPS GC-PDSCH for Multicast

RAN1 has agreed to support SPS GC-PDSCH for RRC_CONNECTED UEs. The configurations for dynamic GC-PDSCH and SPS GC-PDSCH is per MBS BWP. One or more SPS GC-PDSCHs can be configured considering different MBS traffics. 
The SPS GC-PDSCH, different from unicast one, is for a group of UEs, where the GC-PDCCH can be used for activation and deactivation. Other methods, such as UE-specific PDCCH, may need further discussion, e.g., whether to use UE-specific PDCCH complementary to GC-PDCCH to schedule same GC-PDSCH, or independently used. 
Proposal 7: For RRC_CONNECTED UEs, support one or more SPS GC-PDSCH configurations per MBS BWP. 

· At least GC-PDCCH can be used for SPS GC-PDSCH activation/deactivation.
· FFS UE-specific PDCCH for SPS GC-PDSCH activation/deactivation.
2.4 GC-PDCCH vs. UE-specific PDCCH
In last RAN1 meeting, we have discussed the possibility of using PTP and/or PTM to schedule the PDSCH for multicast transmission. The initial transmission may be based on PTM scheme 1 and re-transmission may be PTM scheme 1 or PTP (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 be associated with that of GC-PDSCH scheduled by GC-PDCCH. The UE-specific PDCCH for multicast retransmission can be scheduled in the dedicated BWP but not limited by the MBS BWP, which is only monitored by the UE who requires the retransmission. If the HARQ process pool is separate between unicast and multicast, a flag in DL DCI with C-RNTI may be used to differentiate the HARQ process ID for unicast and multicast data.
Proposal 8: Support to select PTP and/or PTM scheme 1 for retransmission if PTM scheme 1 is initial transmission.

· PTP schedules multicast retransmission with HARQ process ID associated with that of PTM scheme 1. 
· Retransmission schemes based on PTP and PTM-1 can be supported simultaneously for different UEs in the same group.

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 and 103-e, we have agreed to support FDM and/or TDM 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 the UE capability for the total number of PDSCHs simultaneously received in a slot. It may also need to be considered whether the capability is per UE, per band, per CC or per band-of-BC.

Proposal 9: Consider the UE capability for the number of PDSCHs simultaneously received 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.

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, common frequency resource is defined as an MBS specific BWP (Option 2A).

· UE can monitor an MBS BWP if it is full within the associated unicast BWP and with same numerology, where no BWP switching when receiving unicast and multicast.
· One or more MBS BWPs can be configured per UE subject to UE capability.
· One or more MBS BWPs can be configured per dedicated BWP subject to UE capability.

Proposal 2: For RRC_CONNECTED UEs, parameters of GC-PDSCH and GC-PDCCH are configured per MBS BWP.

For CORESET/SS configuration:
Proposal 3: For RRC_CONNECTED UEs, more than one CORESET for GC-PDCCH can be configured per MBS BWP.

· Keep the maximum total number of CORESETs per MBS BWP same as that of unicast BWP.
· Keep the maximum total number of CORESETs per UE unchanged.
Proposal 4: For RRC_CONNECTED UEs, CSS and/or USS for GC-PDCCH can be configured per MBS BWP.

· Reuse legacy priority rules for mapping CSS and USS sets for GC-PDCCH in case of overbooking. Option 1 or 2 is dependent on which SS type is configured for GC-PDCCH.

· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS

· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
Proposal 5: For RRC_CONNECTED UEs, at least DCI format 1_0 and 1_1 can be used for GC-PDCCH.

· DCI size is aligned between GC-PDCCH and unicast PDCCH using the same DCI format.
Proposal 6: For RRC_CONNECTED UEs, support both options for BDs/CCEs limit for Rel-17 MBS:

· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

For SPS GC-PDSCH configuration:
Proposal 7: For RRC_CONNECTED UEs, support one or more SPS GC-PDSCH configurations per MBS BWP. 

· At least GC-PDCCH can be used for SPS GC-PDSCH activation/deactivation.
· FFS UE-specific PDCCH for SPS GC-PDSCH activation/deactivation.

For UE-specific PDCCH vs. GC-PDCCH:
Proposal 8: Support to select PTP and/or PTM scheme 1 for retransmission if PTM scheme 1 is initial transmission.

· PTP schedules multicast retransmission with HARQ process ID associated with that of PTM scheme 1. 
· Retransmission schemes based on PTP and PTM-1 can be supported simultaneously for different UEs in the same group.

For simultaneous reception of unicast and multicast:
Proposal 9: Consider the UE capability for the number of PDSCHs simultaneously received 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.
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