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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on group scheduling issues for RRC-CONNECTED UEs in Rel-17 NR MBS.
In RAN1#104-e meeting, regarding scheduling mechanism and frequency resource definition/configuration as well as reliability improvement, the corresponding agreements are made as below:
[bookmark: _Hlk39170201]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.

[bookmark: _Hlk62978278]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 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.

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 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

[bookmark: _Hlk63418960]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

Hence, in this contribution, more detailed views are present from our side.

Discussion
MBS frequency resource 
As mentioned above, for RRC-connected UEs, a common frequency resource is required to be confined within the frequency resource of a dedicated unicast BWP of each UE so that the group-common PDCCH/PDSCH transmitted within the common frequency resource can be received by the group of UEs. 
As mentioned in previous RAN1 agreement, an important issue is how to define or configure common frequency resource for a group of UEs to receive the group-common DCI and the scheduled group-common PDSCH carrying MBS. Basically, there are two options to define the common frequency resource:
· 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

In Option 2A, an MBS specific BWP is configured by gNB as a group-common BWP, e.g., same frequency domain resource and subcarrier spacing as well as cyclic prefix to the group of UEs. This MBS specific BWP is associated with a dedicated unicast BWP and using same numerology. For a given UE, if the dedicated unicast BWP does not overlap with the MBS specific BWP, the UE has to perform BWP switching back and forth between the MBS specific BWP and the unicast BWP because only a single active BWP is allowed in NR. Supporting two active BWPs seems not promising for MBS transmission. On the other hand, even if the MBS specific BWP is configured within the dedicated unicast BWP, since both BWPs may have different bandwidths, and may have different central frequency points, the BWP switching between both BWPs is also required. It is impossible to configure the MBS specific BWP exactly same to each UE’s dedicated unicast BWP, e.g., same bandwidth, same central frequency point, same numerology. Configuring an MBS specific BWP may require UE to frequently perform BWP switching between the MBS specific BWP and the dedicated unicast BWP. Due to UE processing delay, UE may waste some resources during the BWP switching, which may lead to system efficiency degradation. 
In Option 2B, a common frequency region which can be the intersection of the frequency resources supported by the group of UEs is defined. That is to say, within each UE’s dedicated unicast BWP, a common MBS frequency region can be defined for each UE to receive the group-common DCI and associated group-common PDSCH. Since Option 2B does not require UE to frequently perform BWP switching, it is more promising than Option 2A.
Regarding the configuration of the MBS frequency region, one straightforward solution is to configure the starting PRB and the number of contiguous PRBs of the MBS frequency region via RRC signaling. Since the MBS frequency region is associated to a dedicated unicast BWP, the MBS frequency region can be configured within the associated BWP. Furthermore, to save the RRC signaling overhead, the starting PRB of the MBS frequency region is configured with reference to the starting PRB of the dedicated unicast BWP.
Based on above discussion, we have below proposals:
Proposal 1: An MBS frequency region with contiguous PRBs confined within the dedicated unicast BWP is configured for MBS, i.e., Option 2B is supported.
Proposal 2: The starting PRB index and the number of contiguous PRBs of the MBS frequency region are configured within the dedicated unicast BWP via RRC signaling.
Proposal 3: The starting PRB of the MBS frequency region is configured with reference to the starting PRB of the dedicated unicast BWP.

HARQ process management for MBS
With the prerequisite of UE-specific ACK/NACK feedback, when initial transmission is based on PTM transmission scheme 1, PTP based transmission is quite appropriate for scheduling retransmission of an MBS TB to a specific UE which has reported NACK to the gNB. In this way, gNB does not need to retransmit the MBS TB to other UEs which have successfully received the MBS PDSCH. Furthermore, for a given TB with PTM scheme 1 in initial transmission and PTP in retransmission, as agreed in previous RAN1 meeting, HARQ process number should be kept unchanged and NDI should be non-toggled so as to associate the initial transmission and retransmission. 
Since Rel-15, maximum 16 HARQ process numbers can be configured per UE per serving cell for unicast transmission. To keep same cost of UE soft buffer, the same maximum 16 HARQ process numbers can be configured per UE per serving cell for receiving unicast and multicast. As a result, one open issue is how to split the HARQ process numbers for unicast and multicast. The straightforward way is to let gNB determine a certain HARQ process number is used for unicast or multicast so that gNB has full flexibility to manage the available HARQ process numbers.  As mentioned above, considering the PTM scheme 1 in initial transmission and PTP in retransmission, it is clear that the associated HARQ process number is used for multicast in initial transmission and unicast in retransmission. In this sense, it is not necessary to limit one HARQ process only used for unicast or multicast in (re)transmissions. Hence, for initial transmission, it is up to gNB to determine a HARQ process number used for unicast transmission or multicast transmission.
Based on above discussion, we have below proposals:
Proposal 4: The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UEs receiving unicast and/or multicast. 
Proposal 5: It is up to gNB to determine a HARQ process number used for initial unicast transmission or initial multicast transmission.

Frequency resource allocation and DCI payload size determination
In addition, since different UE may have different active BWP, e.g., different central frequency point, numerology or bandwidth for each UE, there is no common reference for the group of UEs to determine the allocated frequency resource. So one open issue is how gNB indicates the scheduled frequency resource for transmitting the group-common PDSCH to the group of UEs. In detail, when either resource allocation type 0 or type 1 is used for allocating frequency resource within the target UE’s active BWP, the lowest RB of the active BWP is deemed PRB 0 and other RBs of the active BWP is numbered with reference to PRB 0. Due to the possible different active BWPs among the group of UEs, it is impossible to find out a common reference to define PRB 0 of the common frequency resource. 
Another issue is how to determine the payload size of frequency domain resource assignment (FDRA) indicator in the DCI from a UE’s perspective. Since the number of bits required for FDRA indicator is based on the bandwidth of the UE’s BWP and different UEs may have different BWP bandwidths, a solution is required for the group of UEs to determine a same payload size of the DCI scheduling the group-common PDSCH.
As mentioned in section 2.1, based on the common frequency region defined/configured for MBS, the bandwidth of the common frequency region is used to determine the number of bits for FDRA indicator in the DCI so as to determine the payload size of the DCI. Meanwhile, following the same logic to legacy PRB reference within a BWP, the lowest RB of the common frequency region is deemed PRB 0 for PDSCH scheduling. In this way, the RB numbering and the DCI payload size determination can be solved.
Furthermore, for PTM transmission scheme 1, the group-common DCI should be transmitted to the group of UEs so that it should be transmitted within the common frequency region configured for MBS. A same CORESET and associated common search space should be configured to each UE of the group for the group to detect the group-common DCI. 
Proposal 6: RB numbering within the common frequency region is with reference to the lowest RB of the common frequency region.
Proposal 7: The number of bits for frequency domain resource assignment indicator in DCI is determined based on the bandwidth of the common frequency region.
Proposal 8: A common CORESET is configured within the common frequency region for MBS for the group of UEs.
Proposal 9: A common search space is configured associated with the common CORESET for MBS for the group of UEs.

Format of the group-common DCI
As mentioned above, PTM scheme 1 has been already agreed, i.e., for RRC_CONNECTED UEs in the same MBS group, use group-common DCI with CRC scrambled by group-common RNTI (e.g., G-RNTI for simplicity) to schedule group-common PDSCH which is scrambled with the same group-common RNTI. The problem is which DCI format is used as the group-common DCI. Generally, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered.
Regarding DCI payload size alignment, the first issue needs to be addressed is whether the existing DCI payload size budget defined in Rel-15/16 should be kept. From the UE complexity point of view, it is reasonable to maintain the DCI payload size budget defined in Rel-15/16 so as not to increase UE blind detection effort. Hence, for a UE, the existing “3+1” DCI size budget as in Rel-15/16 is maintained when PTM transmission scheme 1 is enabled. 
Based on the “3+1” DCI size budget, the second issue needs to be addressed is whether the group-common DCI with CRC scrambled by the group-common RNTI is counted in the maximum three DCI size budget with C-RNTI, or in the maximum four DCI sizes budget with all RNTIs. 
Firstly, the group-common DCI for PTM scheme 1 is used for scheduling a group-common PDSCH. It is not a good way to count this group-common DCI as the maximum four DCI sizes with all RNTIs. Furthermore, if the size of the group-common DCI for PTM scheme 1 is counted in “1” other RNTI DCI size, then the size of the group-common DCI for PTM scheme 1 and all the other DCI size (e.g., DCI format 2_0, 2_1, 2_4, 2_5, 2_6) should be aligned to the maximum DCI size among these DCI formats. Considering DCI format 2-x series are also different among UEs in the same MBS group, it is difficult for network to configure the same DCI size to the group-common DCI for PTM scheme 1 and the DCI format 2-x series.
Secondly, if the size of the group-common DCI for PTM scheme 1 is counted in maximum “3” C-RNTI DCI size, i.e., for a given UE, the size of the group-common DCI for PTM scheme 1 should be aligned with other UEs in the same MBS group and aligned with the size of DCI format with CRC scrambled by C-RNTI simultaneously. As a result, this will introduce additional DCI size alignment procedure to align C-RNTI DCI size with G-RNTI DCI size, and cause performance reduction of C-RNTI DCI if the DCI payload size is increased.
Thirdly, considering the common frequency region for MBS is an intersection of DL BWPs of the group of UEs, it is very likely to be narrow frequency resource so that the common CORESET within the common frequency region may have limited capacity. A DCI with small payload size is more appropriately used as the group-common DCI.
Last but not the least, when NACK-only based feedback is adopted for PTM transmission scheme 1, gNB can’t identify which UE missed the group-commo DCI. In that sense, the group-common DCI has to be designed with high reliability in order to avoid DTX error. Due to the reliable design for fallback DCI, DCI format 1-0 is used as the group-common DCI.
Based on above discussion, we have below proposals:
Proposal 10: DCI format 1-0 with CRC scrambled by G-RNTI is used as the group-common DCI.
Proposal 11: For DCI size alignment, DCI format with CRC scrambled by G-RNTI is counted as the DCI format with CRC scrambled by C-RNTI.

SPS PDSCH for multicast
As agreed in previous RAN1 meeting, for RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE and the total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS. Therefore, maximum 8 SPS configurations can be configured for multicast and/or unicast. One straightforward way is to let gNB determine the number of SPS configurations for multicast or unicast so that gNB has full scheduling flexibility.
Regarding the activation/deactivation of group-common SPS PDSCH configuration, RAN1 has agreed that group-common PDCCH is supported for activation and deactivation of the group-common SPS configuration for MBS. One FFS issue is how to address the DCI missing problems when the DCI is transmitted for activation/deactivation of the group-common SPS configuration. When one UE missed the activation DCI, it implies the UE shall miss the following SPS PDSCH transmissions. However, gNB can’t know which UE has successfully received the activation DCI and which UE has missed the activation DCI. Such DTX issue needs to be addressed. 
Since Rel-8, for DL SPS release, UE shall generate one bit of ACK and transmit it in the PUCCH for confirming the reception of the DL SPS release DCI. This mechanism can be reused here for confirming the reception of activation DCI and deactivation DCI. That is to say, upon reception of an activation/deactivation DCI for multicast SPS PDSCH, the UE shall transmit ACK for confirming the reception to gNB. As long as all the UEs in the group confirm the reception of activation/deactivation DCI, the gNB shall activate or deactivate the group-common SPS configuration.
Since ACK-only feedback is required, one sequence is enough for transmitting the ACK to gNB. The key point is each UE in the group should be configured with a specific PUCCH resource so that the gNB can differentiate whether a UE has received the activation/deactivation DCI or not. In case the UE has not transmitted ACK on the UE-specific PUCCH resource, gNB shall retransmit the activation/deactivation DCI. For those UEs which have reported ACK on the respective PUCCH resource may receive the retransmitted activation/deactivation DCI, it can neglected by UEs. 
With the UE-specific PUCCH resource, the UE can not only transmit ACK for confirming the reception of activation/deactivation DCI but also transmit ACK for the transmission of SPS PDSCH. After the group-common SPS configuration is activated, the UE shall receive the SPS PDSCH and transmit the corresponding ACK on the UE-specific PUCCH resource if the SPS PDSCH is correctly received or transmit nothing on the UE-specific PUCCH resource if the SPS PDSCH is incorrectly received. Based on this ACK-only based HARQ-ACK feedback, the gNB can know whether a certain UE has correctly received the SPS PDSCH and can retransmit the SPS PDSCH in PTP manner to the UE. Since the activation/deactivation DCI and the associated SPS PDSCH don’t occur in same slot, the UE-specific PUCCH resource can be used not only for confirming the reception of the activation/deactivation DCI but also for confirming the reception of the associated SPS PDSCH.
Based on above discussion, we have below proposals:
Proposal 12: It is up to gNB to allocate the total SPS configurations between multicast and unicast.
Proposal 13: For group-common SPS configuration, a UE-specific PUCCH resource is configured for each UE to transmit ACK upon reception of activation/deactivation DCI.
Proposal 14: For group-common SPS configuration, the UE-specific PUCCH resource for confirming reception of activation/deactivation DCI is used for the UE to transmit ACK for the SPS PDSCH.
Proposal 15: For SPS PDSCH transmission in PTM manner in initial transmission, PTP based retransmission is supported.

Conclusion
In this contribution, we focus on the group scheduling issues for MBS transmission and have below proposals:
Proposal 1: An MBS frequency region with contiguous PRBs confined within the dedicated unicast BWP is configured for MBS, i.e., Option 2B is supported.
Proposal 2: The starting PRB index and the number of contiguous PRBs of the MBS frequency region are configured within the dedicated unicast BWP via RRC signaling.
Proposal 3: The starting PRB of the MBS frequency region is configured with reference to the starting PRB of the dedicated unicast BWP.
Proposal 4: The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UEs receiving unicast and/or multicast. 
Proposal 5: It is up to gNB to determine a HARQ process number used for initial unicast transmission or initial multicast transmission.
Proposal 6: RB numbering within the common frequency region is with reference to the lowest RB of the common frequency region.
Proposal 7: The number of bits for frequency domain resource assignment indicator in DCI is determined based on the bandwidth of the common frequency region.
Proposal 8: A common CORESET is configured within the common frequency region for MBS for the group of UEs.
Proposal 9: A common search space is configured associated with the common CORESET for MBS for the group of UEs.
Proposal 10: DCI format 1-0 with CRC scrambled by G-RNTI is used as the group-common DCI.
Proposal 11: For DCI size alignment, DCI format with CRC scrambled by G-RNTI is counted as the DCI format with CRC scrambled by C-RNTI.
Proposal 12: It is up to gNB to allocate the total SPS configurations between multicast and unicast.
Proposal 13: For group-common SPS configuration, a UE-specific PUCCH resource is configured for each UE to transmit ACK upon reception of activation/deactivation DCI.
Proposal 14: For group-common SPS configuration, the UE-specific PUCCH resource for confirming reception of activation/deactivation DCI is used for the UE to transmit ACK for the SPS PDSCH.
Proposal 15: For SPS PDSCH transmission in PTM manner in initial transmission, PTP based retransmission is supported.
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