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1. Introduction 

In RAN1#104-e meeting, we have the following agreements for group scheduling of Multicast RRC_CONNECTE UEs.
Agreement:
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

· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not

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.

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.
 
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 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

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:
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.

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

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 the main functionalities of MBS CFR, common for the two options. Besides pdsch-config, pdcch-config and sps-config(s), there are other parameters to be aligned for a group of multicast UEs, which will be discussed in 2.2 and 2.3. 

· 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.

The main concern on Option 2A is whether BWP switching is needed. RAN4 does not need to discuss whether BWP switching is needed or whether zero-gap switching is needed for this case. What we need to do is to specify the condition to receive unicast in active dedicated BWP and multicast in the MBS BWP at same time in RAN1 spec, since there is no RF bandwidth, retuning of center frequency. It is very similar for UEs to receive unicast in the activated BWP and SIB/paging in initial BWP if BWP contains the initial BWP using same numerology.

Option 2A is a unified design configured for broadcast and multicast reception. For IDLE/INACTIVE UEs, there is no dedicated BWP. An MBS BWP if different than initial DL BWP should be configured for broadcast reception. If it is larger than initial DL BWP, the SLIV way to indicate FDRA cannot work. For CONN UEs, at least a dedicated BWP will be configured to provide RRC signaling, which provides the MBS BWP configuration within a dedicated BWP. It is straightforward to reuse the BWP way for MBS CFR.

A CFR is not just a frequency range, which corresponds to the configuration of a set of parameters common to a group of UEs. If we restrict only one CFR per dedicated BWP, which include different multicast service(s) targeting to different UEs, the parameters (e.g., frequency range, PDSCH aggregation factor, MCS table, rate matching parameters, etc.) need to be aligned among all the UEs monitoring the same CFR. On the other hand, if separate CFRs are configured to transmit different multicast services in different dedicated BWPs, the UE who want to receive the multicast service in corresponding CFR has to do BWP switching. In order to avoid this, it is more flexible to support one or more (e.g., 2) MBS CFRs can be configured per dedicated BWP subject to UE capability.  
Proposal 1: For RRC_CONNECTED UEs, a common frequency resource is defined as an MBS specific BWP (Option 2A).

· UE can monitor a CFR 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 CFRs can be configured per UE subject to UE capability.

· One or more CFRs can be configured per dedicated BWP subject to UE capability.
2.2 Configuration of GC-PDSCH for Multicast
RAN1 has agreed to configure one pdsch-Config for MBS per CFR. Besides, we think there are other common parameters to be aligned for GC-PDSCH rate matching, separate from UE-specific PDSCH.
For UE-specific PDSCH, the limited buffer rate matching (LBRM) is a function of number of PRBs determined by the UE-specific BWPs of a carrier, maximum number of layers, and maximum modulation order configured for a serving cell. For multicast GC-PDSCH per CFR, we need to align the LBRM parameters for the maximum TBS determination. The bandwidth range of CFR can be used to determine the nPRB,LBRM. 

Proposal 2: For RRC_CONNECTED UEs, the LBRM for GC-PDSCH TBS is determined per CFR.
For TBS determination, the UE shall calculate the number of REs allocated for PDSCH by 
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  QUOTE ,N-oh-PRB. is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig, which is UE-specifically configured for unicast PDSCH. However, for GC-PDSCH in a CFR, the xOverhead for MBS should be common for a group of UEs, which may need separate configuration, different than that of unicast one. 
Proposal 3: For RRC_CONNECTED UEs, the xOverhead for GC-PDSCH TBS determination is configured per CFR.

Another factor is the PDSCH rate matching pattern, e.g., the ZP CSI-RS pattern configured in pdsch-Config for MBS per CFR. If SPS ZP CSI-RS is configured, the issue with this is that it requires MAC-CE for activation/deactivation. In order to align the ‘active time’, we need to allow the MAC-CE over GC-PDSCH instead of UE-specific PDSCH. 

Proposal 4: For RRC_CONNECTED UEs, the MAC-CE over GC-PDSCH can be used to active SPS ZP CSI-RS configured per CFR.

2.3 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 CFR. 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 CFR. But the max total number of CORESETs may not need to be increased. The CORESET for a CFR is active only if their associated dedicated DL BWP is active. 
Proposal 5: For RRC_CONNECTED UEs, more than one CORESET for GC-PDCCH can be configured per MBS CFR.
· Keep the maximum total number of CORESETs per MBS CFR same as that of unicast BWP.
· Keep the maximum total number of CORESETs per UE unchanged.
For GC-PDCCH, the SS type could be a new type of CSS to use DCI format 1_0 as well as DCI formats 1_1/1_2. 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 with more configuration flexibility. Therefore, we think the monitoring priority of GC-PDCCH in case of overbooking can be configured based on the search space set indexes.

Proposal 6: For RRC_CONNECTED UEs, define a new type of CSS for MBS GC-PDCCH.

· The monitoring priority of GC-PDCCH in case of overbooking is determined based on the search space set indexes.

Regarding the DCI size, we confirm the following WA to keep the “3+1” size budget as legacy. Considering more flexible sizes for C-RNTI, we prefer to count the G-RNTI as C-RNTI and align between GC-PDCCH and unicast PDCCH using the same DCI format. The DCI size of GC-PDCCH needs to be common among the UE group configured with the same CFR. The detailed configuration can be further studied. 
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.
Proposal 7: For RRC_CONNECTED UEs, DCI format 1_0/1_1/1_2 can be used for GC-PDCCH.

· Confirm the WA: Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS
· DCI size if over the size budget is aligned between GC-PDCCH and unicast PDCCH using the same DCI format (G-RNTI is counted as C-RNTI).

The GC-PDCCH monitoring for multicast may increase the number of BDs/CCEs on top of unicast PDCCH monitoring in a serving cell. If we always split the number of BDs/CCEs between unicast and multicast in the same CC, it would significantly restrict the multicast or unicast scheduling. For example, if one of the UE in the multicast group has high urgent unicast traffic, gNB may not be able to schedule multicast to the UE group due to the BD/CCE limit of one UE. Therefore, we prefer to enable that the multicast can 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.  
Proposal 8: For RRC_CONNECTED UEs, support reusing BDs/CCEs of an unused CC for group-common PDCCH for MBS. 

· NOTE: This is similar to the method used for multi-DCI based multi-TRP in Rel-16.
· FFS details of UE capability.
2.4 PTM-1 and PTP for retransmission
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-1 and re-transmission may be PTM-1 or PTP. The scheduling can be based on the number of UEs that failed to receive the initial transmission, and the UE CSI feedback. In general, PTM-1 retransmission is more efficient to avoid duplicated transmission to each UE. But for a cell-edge UE if always fails to receive PTM-1, the PTP with unicast beamforming is more flexible for retransmission.

Proposal 9: Retransmission schemes based on PTP and PTM-1 can be supported for different UEs in the same group.
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Figure 1 Possible RAN architecture for multicast transmission

We can enable HARQ combining by using G-RNTI or C-RNTI, as illustrated in Figure 3. 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 CFR. If the HARQ process pool is semi-statically split between unicast and multicast, it reduces the number of HARQ processes for either unicast or multicast, e.g., 4 is configured for multicast and only 12 left for unicast. For gNB scheduling flexibility, we prefer the dynamic split of the HARQ process pool between unicast and multicast. If the gNB rely on {NDI, RNTI} for GC-PDSCH and PDSCH with same HPID, it will create some confusion in case of DCI miss detection. As illustrated in Figure 2, the PTM-1 using GC-PDCCH is a new TB transmission. For UE-b, miss detection of the GC-PDCCH scheduling PTM1 makes the UE confuse the PTP retransmission for multicast with a PTP retransmission of previous unicast (C-RNTI), resulting soft-combining to two different TBs. To address this, the scheduling DCI with C-RNTI can have a flag to differentiate the HARQ process ID used for PTP unicast data or for PTP multicast retransmission.
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Figure 2 PTP retransmission for PTM-1
Proposal 10: For HARQ process management, the maximum number of HARQ process IDs is kept unchanged. 
· Support dynamic split of HARQ processes between unicast and multicast.

· A DCI field is used to differentiate the HARQ process ID used for PTP unicast data or for PTP multicast retransmission.
2.5 SPS GC-PDSCH for Multicast

RAN1 has agreed to support one or more SPS GC-PDSCH for RRC_CONNECTED UEs. The group CS-RNTI (G-CS-RNTI) could be defined for SPS GC-PDSCH, different from CS-RNTI for unicast SPS PDSCH.  Similar as unicast SPS PDSCH, one or more SPS GC-PDSCH can be activated per CFR subject to UE capability. 

Proposal 11: Define group CS-RNTI (G-CS-RNTI) for SPS GC-PDSCH, different from CS-RNTI for unicast SPS PDSCH.

· FFS: number of G-CS-RNTI.
Proposal 12: Support one or more activated SPS GC-PDSCH configurations per CFR subject to UE capability.
For activation/release, we confirm the following WA.

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

Besides GC-PDCCH, the UE-specific PDCCH could be useful to support dynamic UE grouping, such as enable/disable one UE monitoring SPS GC-PDSCH instead of resending GC-PDCCH to a group of UEs. For unicast SPS PDSCH, UE-specific PDCCH is used for separate activation and separate/joint release of SPS PDSCH. It can be extended for SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH as well. FFS the details of the configuration. 

Proposal 13: For SPS GC-PDSCH activation/release, 
· Confirm the WA: At least group-common PDCCH is supported.

· Support UE-specific PDCCH in addition to GC-PDCCH.
· Support separate activation of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
· Support joint and separate release of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
For the retransmission of the GC-PDSCH without an associated PDCCH, we can use PTM-1 and PTP for the retransmission, similar as that of dynamic GC-PDSCH.
Proposal 14: Support PTM-1 and PTP for the retransmission of SPS GC-PDSCH, similar as dynamic GC-PDSCH.
3. Conclusion


In this contribution, we discussed various aspects related to group scheduling for NR multicast RRC_CONNECTED UEs with the following proposals: 
For MBS CFR configuration:
Proposal 1: For RRC_CONNECTED UEs, a common frequency resource is defined as an MBS specific BWP (Option 2A).

· UE can monitor a CFR 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 CFRs can be configured per UE subject to UE capability.

· One or more CFRs can be configured per dedicated BWP subject to UE capability.
For GC-PDSCH configuration:
Proposal 2: For RRC_CONNECTED UEs, the LBRM for GC-PDSCH TBS is determined per CFR.
Proposal 3: For RRC_CONNECTED UEs, the xOverhead for GC-PDSCH TBS determination is configured per CFR.

Proposal 4: For RRC_CONNECTED UEs, the MAC-CE over GC-PDSCH can be used to active SPS ZP CSI-RS configured per CFR.

For GC-PDCCH configuration:
Proposal 5: For RRC_CONNECTED UEs, more than one CORESET for GC-PDCCH can be configured per MBS CFR.

· Keep the maximum total number of CORESETs per MBS CFR same as that of unicast BWP.
· Keep the maximum total number of CORESETs per UE unchanged.
Proposal 6: For RRC_CONNECTED UEs, define a new type of CSS for MBS GC-PDCCH.

· The monitoring priority of GC-PDCCH in case of overbooking is determined based on the search space set indexes.

Proposal 7: For RRC_CONNECTED UEs, DCI format 1_0/1_1/1_2 can be used for GC-PDCCH.

· Confirm the WA: Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS
· DCI size if over the size budget is aligned between GC-PDCCH and unicast PDCCH using the same DCI format (G-RNTI is counted as C-RNTI).

Proposal 8: For RRC_CONNECTED UEs, support reusing BDs/CCEs of an unused CC for group-common PDCCH for MBS. 

· NOTE: This is similar to the method used for multi-DCI based multi-TRP in Rel-16.
· FFS details of UE capability.
For PTM-1 and PTP retransmission:
Proposal 9: Retransmission schemes based on PTP and PTM-1 can be supported for different UEs in the same group.

Proposal 10: For HARQ process management, the maximum number of HARQ process IDs is kept unchanged. 
· Support dynamic split of HARQ processes between unicast and multicast.

· A DCI field is used to differentiate the HARQ process ID used for PTP unicast data or for PTP multicast retransmission.

For SPS GC-PDSCH configuration:
Proposal 11: Define group CS-RNTI (G-CS-RNTI) for SPS GC-PDSCH, different from CS-RNTI for unicast SPS PDSCH.

· FFS: number of G-CS-RNTI.

Proposal 12: Support one or more activated SPS GC-PDSCH configurations per CFR subject to UE capability.
Proposal 13: For SPS GC-PDSCH activation/release, 
· Confirm the WA: At least group-common PDCCH is supported.

· Support UE-specific PDCCH in addition to GC-PDCCH.

· Support separate activation of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
· Support joint and separate release of SPS GC-PDSCH by using GC-PDCCH or UE-specific PDCCH.
Proposal 14: Support PTM-1 and PTP for the retransmission of SPS GC-PDSCH, similar as dynamic GC-PDSCH.
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