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1. Introduction
[bookmark: _Hlk47452474]In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· [bookmark: _Hlk47369038]Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· [bookmark: _Hlk53674935]This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In RAN1 #107bis e-meeting, the following agreements were made regarding mechanisms to support group scheduling for RRC_CONNECTED UEs [2].
Agreement
DCI format 4_2 doesn’t include the following fields:
· Scell dormancy indication
· BWP indicator
DCI format 4_2 includes the following field (configurable):
· MCS/NDI/RV for TB2
· Support of this field is subject to UE capability

Agreement
DCI format 4_2 includes ‘ZP CSI-RS trigger’ field.

Agreement
For DCI size alignment of DCI format 4_2, the size of DCI format 4_2 is configured by RRC signaling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6). 

Conclusion
For multicast of RRC_CONNECTED UEs, the value range of sps-ConfigIndex in SPS-Config-Multicast is {0-7}, and sps-ConfigIndex in sps-Config and SPS-Config-Multicast cannot be configured with the same value.

Agreement
For DMRS of GC-PDSCH,
· For GC-PDSCH scheduled by a DCI format 4_0/4_1, the UE assumes dmrs-AdditionalPosition = ‘pos2’, similar as that of DCI format 1_0. 
· For GC-PDSCH scheduled by a DCI format 4_2, the UE assumes dmrs-AdditionalPosition in DMRS-Config if configured in PDSCH-Config-Multicast, similar as that of DCI format 1_1.

Agreement
For PDSCH scheduled by a DCI format 4_1/4_2, the UE assumes phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB configured in PDSCH-Config-Multicast.

Agreement
For RRC_CONNECTED UEs receiving broadcast MCCH/MTCH, the Type0B-PDCCH CSS set configured by searchSpace-Broadcast in pdcch-Config-MCCH/pdcch-Config-MTCH follows the same prioritization rule for search space set overbooking procedure as CSS set(s) configured by searchSpace-Multicast.

Agreement
Regarding the number of DCIs that a UE can process in a slot or span, multicast DCI is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b.

Agreement
For multicast RRC_CONNECTED UEs, rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RB symbol level granularity,
· The procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is similar as that of DCI format 1_0 and the procedure for PDSCH scheduled by PDCCH with DCI format 4_2 is similar as that of DCI format 1_1, by applying the parameters of rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast.
· rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.

Agreement
PDSCH processing capability 2 is not applied to PDSCH scheduled by PDCCH with DCI format 4_0/4_1/4_2.

Agreement
Regarding the size of DCI format 4_2 for multicast of RRC_CONNECTED UE, 
· the size is configured per CFR for all G-RNTIs (included in cfr-Config-Multicast).
· the value range of the size is {[1]..140} (the same as for DCI format 2_6)

Agreement
From RAN1 perspective, it is feasible for UE in RRC_CONNECTED state to receive MBS broadcast on an activated SCell as long as UE has capability of supporting MBS broadcast on SCell. From RAN1 perspective, if a UE is to receive MBS broadcast on SCell,
· The capability of supporting MBS broadcast on SCell is separate capability from the one of CA for unicast. 
· The UE is not required to monitor DCI formats associated with SI-RNTI, P-RNTI, RA-RNTI in SCell.
· Overbooking for SCell is not supported.
· MBS broadcast reception on SCell can be supported only for RRC_CONNECTED UEs only with self-scheduling. 
· Type0-PDCCH CSS set is only configured on the primary cell of the MCG. 
· Configuring the search space on SCell for PDCCH monitoring of MBS DCI formats is via unicast RRC signaling. 
· The UE capability is expected to be defined by RAN2.
· E.g. the total number of component carriers for receiving broadcast on SCell may be subject to UE capability
· The UE is not required to receive broadcast on PCell and SCell simultaneously

Agreement
From RAN1 perspective, it is feasible for UE in RRC_CONNECTED state to receive MBS broadcast on non-serving cell, which is up to UE implementation and transparent to the network.
· It is assumed in RAN1 that UE receiving MBS broadcast on non-serving cell does not have any impact to operation on serving cell(s), e.g., does not require UE to obtain the related configuration from the serving cell, does not require the network to guarantee the scheduling doesn’t exceed UE’s capability on serving cell, etc.
· RAN1 assumes that receiving MBS broadcast on non-serving cell could be on the same or on a different band, but on a different carrier frequency than a UE’s serving cell
· No RAN1 spec impact and no optimization is pursued in Rel-17 for MBS broadcast reception on non-serving cell.
· The UE capability(ies), if any, is(are) expected to be defined by RAN2.

[bookmark: _Hlk94056188]Agreement
Regarding the size of DCI format 4_2 for multicast of RRC_CONNECTED UE, 
· the value range of the size is {20..140}

In this contribution, we will make discussions on remaining issues on mechanisms to support group scheduling for multicast service for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
TCI state related issues
In the last meeting, TCI state related issue for multicast was discussed and two alternatives on only supporting carrying the existing ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ over unicast PDSCH were proposed.
· Alt-1: The unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ is received by the UE to map up to 8 TCI states configured in PDSCH-Config to the TCI codepoints in both unicast DCI format and DCI format 4_2. The following text in Clause 5.1.5 of TS38.214 is deleted.
· “The UE can be configured with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast to decode PDSCH associated with a G-RNTI or a G-CS-RNTI according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M’ depends on the UE capability.”
· Alt-2: The UE can be configured with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast for multicast, but the TCI-StateIds of the list of up to M’ TCI-State configurations in PDSCH-Config-Multicast for multicast cannot be the same as the TCI-StateIds of the list of up to M TCI-State configurations in PDSCH-Config for unicast. In this alternative, separate unicast PDSCHs carrying the existing ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ can be used to map separate TCI states to the TCI codepoints in unicast DCI format and the TCI codepoints in DCI format 4_2 respectively. 
For Alt 1, it is the simplest solution and has no any additional specification impact. For Alt 2, some open issues need to be discussed. For example, how many TCI-State configurations can be configured for unicast and multicast totally? How many TCI states can be activated for unicast and multicast totally? Some companies raised their concern that if the total number of activated TCI states are increased (e.g. up to 8 for unicast and up to 8 for multicast), it may increase UE’s complexity. If the total number of activated TCI states for unicast and multicast is not increased, no any benefit is observed for Alt 2 comparing with Alt 1.
[bookmark: _Ref95141394][bookmark: _Hlk95141475]Proposal 1: For TCI states activation/deactivation for multicast GC-PDSCH, Alt-1 is supported.
· Alt-1: The unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ is received by the UE to map up to 8 TCI states configured in PDSCH-Config to the TCI codepoints in both unicast DCI format and DCI format 4_2. The following text in Clause 5.1.5 of TS38.214 is deleted.
· “The UE can be configured with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast to decode PDSCH associated with a G-RNTI or a G-CS-RNTI according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M’ depends on the UE capability.”
BWP-InactivityTimer related issues
[bookmark: _Hlk92200260]In the previous meeting, it was agreed that for multicast, for timer-based active DL BWP switching to a default BWP, option 1 is supported. That is, if a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, UE also starts or restarts BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for multicast on/for the active BWP or when a MAC PDU for is received in a configured downlink assignment for multicast. However, note that for multicast, different HARQ-ACK feedback modes including NACK only and no feedback are supported. Once NACK only or no feedback is used, for the GC-PDCCH addressed to group-common RNTI, gNB would not be able to know whether it is successfully decoded by a UE or not. Therefore, it would cause ambiguity on the running of the BWP-InactivityTimer. To solve this issue, the following solutions are identified.
· Solution 1: Only when ACK/NACK feedback mode is used, UE will start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI for multicast.
· UE does not start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI when NACK-only feedback is configured or when HARQ-ACK feedback is disabled.
· Solution 2: It is RRC configurable that whether UE will start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for multicast.
· E.g. If the parameter is set to true, UE start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI when NACK-only feedback is configured or when HARQ-ACK feedback is disabled. Otherwise, UE does not start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI.
For Solution 1, since HARQ-ACK feedback is configured per G-RNTI/G-CS-RNTI, it can be applied per G-RNTI/G-CS-RNTI. It is simple to solve the above issue. 
For Solution 2, it is a superset of Solution 1 and can achieve the same effect as Solution 1, but new RRC parameter is needed. Moreover, if UE can also receive the same MBS service on the initial DL BWP which has smaller bandwidth, there is no need to keep UE working on the active DL BWP if UE has no unicast service reception. and gNB can configured UE to not start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI even when ACK/NACK feedback is configured. Thus, the following proposal is made.
[bookmark: _Ref92362222]Proposal 2: If a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, for option 1, it is proposed to support the following.
· It is RRC configurable that whether UE will start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for multicast.
· The configuration can be per group-common RNTI.
SPS Group-common PDSCH for MBS
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability. Some remaining issues are identified as following. 
1) Joint activation/deacvation of SPS group-common PDSCH
In NR Rel-16, when multiple SPS PDSCHs are configured, joint deactivation is supported. Then for MBS in RRC connected state, considering that it is possible that UE is configured with multiple SPS group-common PDSCHs for one MBS service, joint deactivation can also be considered and same mechanism as that of unicast PDSCH can be reused.
2) Reliability of the group-common PDCCH activation of SPS group-common PDSCH
In the previous meeting, the issue of reliability of the group-common PDCCH activation of SPS group-common PDSCH was discussed, and it was agreed to support at least one of the following alternatives.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation
When ACK/NACK is supported for the activation of SPS group-common PDSCH, gNB can know whether a UE detects an activation DCI correctly in some cases. When gNB can resend the activation DCI before the PDSCH transmission occasion in the next period. For Alt 1 and Alt 2, it is up to gNB to guarantee that the PDSCH are scheduled in the same slot as that of the initial activation, considering that HARQ process is determined based on the slot index of PDSCH transmission occasion. Note that, cross-slot scheduling is supported, thus it is flexible enough for gNB to resend the activation PDCCH in different slots and schedule PDSCH in the same slot. Since UE-specific PDCCH activation/deactivation is not supported, Alt 1 should not be considered. For Alt 2, it is transparent from UE perspective, since UE does not need to know the activation DCI is for retransmission or is initial transmission. Thus, there is no any spec impact for these the alternative. For Alt 3, gNB can resend the activation command at any time before the PDSCH transmission occasion in the next period. However, it will have large impact on MAC CE design, which is RAN2’s work.
[bookmark: _Ref86934642]Proposal 3: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, Alt 1 is supported.
· Alt 1: retransmit the activation command via group-common PDCCH.
3) SPS PDSCHs overlapping handling
In NR R16, when there is more than one SPS PDSCH on a serving cell in a slot, considering UE is not capable to receive overlapped PDSCHs and the maximum number of PDSCHs can be received depends on UE capability, UE needs to do SPS PDSCHs overlapping handling in slot, that is, UE selects at most N non-overlapped SPS PDSCHs based on sps-ConfigIndex, where N is the number of PDSCHs in a slot supported by the UE. The related specification is cited as following [3].
 
	[bookmark: _Hlk92458968]If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
[bookmark: _Hlk39314234]‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 



Note that UE can’t receive time-domain overlapped PDSCHs in R16, thus, any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q in Step 2. However, for MBS, we support FDMed unicast PDSCH and multicast PDSCH. As shown in the following Figure 1, unicast SPS PDSCH0 has the lowest configuration index, and is FDMed with multicast SPS PDSCH1 and multicast SPS PDSCH2 in different symbols. Following the current pseudo-code, UE will receive unicast SPS PDSCH0 only and drop multicast SPS PDSCH1 and multicast SPS PDSCH2. Therefore, the SPS PDSCH overlapping handling rule needs to be revised for UE supporting FDMed unicast PDSCH and multicast PDSCH.

[image: ]
[bookmark: _Ref92448002]Figure 1 Example for SPS PDSCH overlapping
[bookmark: _Ref92459389]Proposal 4: When more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, UE’s procedure to determine the PDSCHs for reception should be revised for the case that UE is capable of receiving FDMed unicast PDSCH and multicast PDSCH.
However, according the discussion in the last meeting, people seems have different understandings on the supported cases when UE is capable of receiving FDMed unicast and multicast PDSCH. Especially when the UE also indicates a capability of receiving more than one PDSCHs in a slot (e.g. 2,4,7), the understandings are more divergent. At least the following understandings are observed.
· Understanding 1: Once UE is provided fdmed-Reception-Multicast, regardless whether UE has the capability of supporting TDM multiplexing between unicast PDSCH and GC-PDSCH, or unicast PDSCH and unicast PDSCH in a slot, UE only expects FDM between at most one unicast PDSCH and at most one GC-PDSCH in a slot, and UE does not expect TDM multiplexing between unicast PDSCH and GC-PDSCH, or unicast PDSCH and unicast PDSCH in a slot. 
· If UE is not provided fdmed-Reception-Multicast or UE does not support FDM between one unicast PDSCH and one GC-PDSCH in a slot, then UE may expect TDM multiplexing between unicast PDSCH and GC-PDSCH, or unicast PDSCH and unicast PDSCH in a slot based on UE capability.
· Understanding 2: If UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, UE is able to receive FDMed unicast and multicast PDSCH (only one unicast PDSCH and one multicast are expected) in a slot. 
· If the UE also indicates a capability of receiving more than one PDSCHs in a slot, UE is either expected to receive FDMed unicast PDSCH and multicast PDSCH, or TDMed PDSCHs in a slot.
· Understanding 3: If UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, UE is able to receive FDMed unicast and multicast PDSCH (more than one unicast PDSCH and one multicast can be expected). 
· If the UE also indicates a capability of receiving more than one PDSCHs in a slot, in a slot, UE can receive FDMed unicast PDSCH and multicast PDSCH, and TDMed PDSCHs. At any symbol, there is at most one unicast PDSCH FDMed with at most one multicast PDSCH. The total number of PDSCHs including FDMed and TDMed PDSCHs that the UE can receive in a slot equals to the maximum number of PDSCH the UE can receive in a slot (e.g. 2,4,7). 

[bookmark: _Hlk95141289]To solve the overlapping issues among SPS PDSCHs, as well as overlapping between dynamic scheduled PDSCH and SPS PDSCH. The understanding on UE capability of FDMed unicast PDSCH and multicast PDSCH should be aligned first. Some related issues need to be clarified firstly. 
1) If UE is capable of receiving FDMed unicast and multicast PDSCH, whether it is needed for gNB to configure UE to receive FDMed unicast and multicast PDSCH or not. Note that the RRC parameter fdmed-Reception-Multicast is introduced for type 1 codebook construction. For other codebook types, there is no difference on TDMed or FDMed PDSCHs on codebook construction and no configuration of FDMed reception is needed.
2) Whether UE can support FDMed PDSCHs and TDMed PDSCHs simultaneously. In our view, at least in different slots, if UE indicates both capabilities of FDMed PDSCHs and TDMed PDSCHs, UE should be able to receive FDMed PDSCHs and TDMed PDSCHs in different slots.
[bookmark: _Ref95407169]Observation 1: To solve the overlapping issues among SPS PDSCHs, as well as the overlapping between dynamic scheduled PDSCH and SPS PDSCH. Understanding on UE capability of FDMed unicast PDSCH and multicast PDSCH should be aligned first.
[bookmark: _GoBack]The corresponding TPs to 38.214 based on different understandings based on [4] is shown in Appendix.
Search space for MBS
In the last meeting, it was agreed that for multicast of RRC_CONNECTED UEs in Rel-17, DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats, but there are no censuses on the issue whether DCI 1_0 with C-RNTI can be configured to be monitored in the same CSS. If DCI format 1_0 can also be configured in type-x CSS, the monitoring priority for DCI 1_0 with C-RNTI in type-x CSS would be different than that in the legacy CSS. Considering that, it is better to clarify that only DCI formats for MBS group scheduling can be configured in the type-x CSS.
[bookmark: _Ref86934719]Proposal 5: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, only DCI formats with CRC scrambled with g-RNTI for multicast scheduling can be monitored in type-x search space.
Support of CA for multicast 
The issue about whether to support multicast on Scell was discussed several times in previous meetings, but no consensus was achieved. The following proposal was given in the email discussion in the last meeting.
Updated proposal 1-2a(v2):
If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with P(S)Cell and SCell or more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
· The capability of supporting MBS multicast on SCell is a separate capability from the CA capability for unicast.
· Details of the capability can be discussed in UE feature
Note that broadcast on Scell was agreed in the last meeting, we didn’t find any difference between multicast on Scell and broadcast on Scell from UE capability perspective. We didn’t find any issue to support multicast on Scell either. It is important to support multicast on Scell for load balance. Thus, we have the following proposal.
[bookmark: _Ref95385450]Proposal 6：If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with P(S)Cell and SCell or more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
DCI format for multicast scheduling
In the previous meeting, it was agreed that for group-common PDCCH of Rel-17 MBS, support at least two DCI formats. The first DCI format is based on DCI format 1_0 and the second DCI format is based on DCI format 1_1.
One issue is how to do DCI size alignment considering the DCI size budget is kept as “3+1”. One option is that the g-RNTI is counted as “C-RNTI”. For the first DCI format, it was agreed to align its size with the size of DCI 1_0 in CSS. For the second DCI format, its size should be aligned with DCI format 1_1 or 1_2 in USS. In addition, since the size of DCI format 1_1 or 1_2 in USS is UE-specific, it should align the size of DCI format 1_1 or 1_2 in USS with the second DCI format by zero padding. In our view, between DCI 1_1 and DCI 1_2, if there is only one DCI format with size smaller than that of the second DCI format, the DCI format with smaller size between DCI 1_1 and DCI 1_2 should be aligned with the second DCI format. If both DCI 1_1 or DCI 1_2 is smaller than the size of the second DCI format, the DCI format with lager size between DCI 1_1 and DCI 1_2 should be aligned with the second DCI format. 
Another option is the g-RNTI is counted as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH. Then it would be easier to do DCI size alignment, but may have negative impact on the performance of other DCI formats.
For compromise, the following proposal can be considered.
[bookmark: _Ref86934734]Proposal 7: For DCI size alignment of the second DCI format for multicast, the size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6).
  If the size of the second DCI format for multicast configured by RRC signaling or derived based on RRC configurations equals the size of DCI format 2_0/2_1/2_4/2_5/2_6 or none of the size of DCI format 2_0/2_1/2_4/2_5/2_6 is configured, when the total number of different DCI sizes configured to monitor is more than 4, Alt 2 applies; otherwise, Alt 1-1 applies.
  Alt 1-1: G-RNTI is counted as “C-RNTI” when checking the “3+1” DCI size budget 
 The size of DCI format 1_1 or DCI format 1_2 which has smaller DCI size difference with the size of second DCI is aligned to the size of the second DCI format for multicast by zero padding.
  Alt 2: G-RNTI is counted as “other RNTI” when checking the “3+1” DCI size budget.
Regarding how to ensure different UEs in the same MBS group have the same understanding on the configurable DCI fields of the second DCI format for multicast, we think the size of some configurable fields of the second DCI format should be explicitly configured by gNB rather than derived based on RRC configurations. For example, for the “ACK/NACK enabling/disabling indication” field, the DCI indication function is enabled per G-RNTI, it is possible that different UE has different understandings on the present of the “ACK/NACK enabling/disabling indication” field.
[bookmark: _Ref86933020]Proposal 8: To ensure different UEs in the same MBS group have the same understanding on the configurable DCI fields of the second DCI format for multicast, the size of some configurable fields of the second DCI format should be explicitly configured by gNB.
Group scheduling mechanism for MBS
Retransmission of MBS service
In the previous meetings, it was agreed that for initial transmission with PTM scheme 1, support PTM transmission scheme 1 and PTP for retransmission(s). 
In the last meeting, it was discussed whether it is needed to enable the PTP retansmison by gNB’s configuration. As discussed in [5], even if UE always needs to monitor G-RNTI and C-RNTI when UE is configured with MBS transmision, PTP retansmision will prolong the DRX active time. From UE power saving perspective, it is better to support to disable the PTP retansmison by gNB’s configuration even when the UE has the capability to support PTP retrasmission .
[bookmark: _Ref86934784]Proposal 9: For multicast, UE can be configured to enable receiving PTP retransmission for multicast PTM initial transmission with same HPID by RRC signaling. If UE is not configured to enable receiving PTP retransmission for multicast PTM initial transmission with same HPID, UE assumes only PTM is used for retransmission for multicast.
In addition, when both retransmison schemes are supported and enabled for a UE, the retransmision scheme can be changed per TB per transmision. That is, for a particular retansmision, either PTM or PTP is used, but different retransision schems can be changed for different retansmiions for a TB. It does not make sense to use PTM retransmison scheme after PTP retransmision is used for the same TB.
Whether to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast
In the previous meeting, one issue about PTP retransmission for PTM initial transmission was discussed. The issue is shown in Figure 2. For the same HARQ process, different UEs in an MBS group may have different PTP scheduling before, thus the NDI states may be different for UE-a and UE-b. When PTM scheme 1 is used for multicast initial transmission, its NDI toggle should be relative to the NDI in a previous DCI with the same g-RNTI. Later, assume PTP is used for the retransmission of PTM1 with the same NDI value as initial transmission. In this case, however, for UE-b, the initial PTM1 transmission was miss detected. When UE-b detects a unicast DCI with NDI=1, it may make incorrect soft-combination with previous unicast transmission.
Firstly, the issue of incorrect soft-combination can only happen when the previous unicast transmission is decoded incorrectly. This is a corner case. In addition, this issue can be avoided to some extent by gNB’s scheduling. For example, when gNB knows the miss-detection of UE-b, gNB can set NDI=0 for the PTP retransmission for UE-b. Another option to solve this issue is to indicate whether a PTP transmission is for PTM retransmission or not in the scheduling DCI. However, it will increase the DCI size. What’s more, for PTP transmission with DCI 1_0, it is not possible to introduce this indication field in the scheduling DCI 1-0. 
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Figure 2 Example for issue of PTP retransmission
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3. Conclusion
In this contribution, we make discussions on the mechanisms to support group scheduling for Multicast Services for RRC_CONNECTED UEs, and have the following observations and proposals.
Observation 1: To solve the overlapping issues among SPS PDSCHs, as well as the overlapping between dynamic scheduled PDSCH and SPS PDSCH. Understanding on UE capability of FDMed unicast PDSCH and multicast PDSCH should be aligned first.
Proposal 1: For TCI states activation/deactivation for multicast GC-PDSCH, Alt-1 is supported.
· Alt-1: The unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ is received by the UE to map up to 8 TCI states configured in PDSCH-Config to the TCI codepoints in both unicast DCI format and DCI format 4_2. The following text in Clause 5.1.5 of TS38.214 is deleted.
· “The UE can be configured with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast to decode PDSCH associated with a G-RNTI or a G-CS-RNTI according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M’ depends on the UE capability.”
Proposal 2: If a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, for option 1, it is proposed to support the following.
· It is RRC configurable that whether UE will start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for multicast.
· The configuration can be per group-common RNTI.
Proposal 3: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, Alt 1 is supported.
· Alt 1: retransmit the activation command via group-common PDCCH.
Proposal 4: When more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, UE’s procedure to determine the PDSCHs for reception should be revised for the case that UE is capable of receiving FDMed unicast PDSCH and multicast PDSCH.
Proposal 5: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, only DCI formats with CRC scrambled with g-RNTI for multicast scheduling can be monitored in type-x search space.
Proposal 6：If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with P(S)Cell and SCell or more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
Proposal 7: For DCI size alignment of the second DCI format for multicast, the size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6).
· If the size of the second DCI format for multicast configured by RRC signaling or derived based on RRC configurations equals the size of DCI format 2_0/2_1/2_4/2_5/2_6 or none of the size of DCI format 2_0/2_1/2_4/2_5/2_6 is configured, when the total number of different DCI sizes configured to monitor is more than 4, Alt 2 applies; otherwise, Alt 1-1 applies.
  Alt 1-1: G-RNTI is counted as “C-RNTI” when checking the “3+1” DCI size budget 
 The size of DCI format 1_1 or DCI format 1_2 which has smaller DCI size difference with the size of second DCI is aligned to the size of the second DCI format for multicast by zero padding.
  Alt 2: G-RNTI is counted as “other RNTI” when checking the “3+1” DCI size budget.
Proposal 8: To ensure different UEs in the same MBS group have the same understanding on the configurable DCI fields of the second DCI format for multicast, the size of some configurable fields of the second DCI format should be explicitly configured by gNB.
Proposal 9: For multicast, UE can be configured to enable receiving PTP retransmission for multicast PTM initial transmission with same HPID by RRC signaling. If UE is not configured to enable receiving PTP retransmission for multicast PTM initial transmission with same HPID, UE assumes only PTM is used for retransmission for multicast.
Proposal 10: For HARQ process management, there is no need differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
References
[1] [bookmark: _Ref473620807][bookmark: _Ref16191158]RP-193248, ‘New Work Item on NR support of Multicast and Broadcast Services’, Huawei.
[2] [bookmark: _Ref53752519][bookmark: _Hlk71219597]RAN WG1 #107bis e-meeting Chairman’s Notes
[3] [bookmark: _Ref92458885]TS 38.214 Physical layer procedures for data, v16.8.0, 2021-12
[4] [bookmark: _Ref92458900]R1-2112951, 38.214 CR: Introduction of NR Multicast and Broadcast Services, Nokia
[5] [bookmark: _Ref95406069]R1-2200027, ‘Resource configuration and group scheduling for RRC_CONNECTED UEs’, Huawei, HiSilicon, CBN
Appendix 
TP1
The corresponding TP to 38.214 based on Understanding 1 is shown below:
*************************************Start of TP1********************************************
5	Physical downlink shared channel related procedures
5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
· If the UE is not provided fdmed-Reception-Multicast,
‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q.
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE
· If the UE is provided fdmed-Reception-Multicast,
‒ 	Step 0: Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot.
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: If the survivor PDSCH in step 1 is unicast PDSCH, a UE receives one multicast PDSCH with the lowest configured sps-ConfigIndex within Q, where the multicast PDSCH and the survivor PDSCH in step 1 are in different frequency. If the survivor PDSCH in step 1 is multicast PDSCH, a UE receives one unicast PDSCH with the lowest configured sps-ConfigIndex within Q, where the unicast PDSCH and the survivor PDSCH in step 1 are in different frequency.
*************************************End of TP1********************************************
TP2
The corresponding TP to 38.214 based on Understanding 2 is shown below:
*************************************Start of TP2********************************************
5	Physical downlink shared channel related procedures
5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
· If the UE is not provided fdmed-Reception-Multicast, or there is no FDMed unicast SPS PDSCH and multicast PDSCH in the slot
‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q.
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE
· If the UE is provided fdmed-Reception-Multicast and there are any FDMed unicast SPS PDSCH and multicast PDSCH in the slot
‒ 	Step 0: Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot.
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: If the survivor PDSCH in step 1 is unicast PDSCH, a UE receives one multicast PDSCH with the lowest configured sps-ConfigIndex within Q, where the multicast PDSCH and the survivor PDSCH in step 1 are in different frequency. If the survivor PDSCH in step 1 is multicast PDSCH, a UE receives one unicast PDSCH with the lowest configured sps-ConfigIndex within Q, where the unicast PDSCH and the survivor PDSCH in step 1 are in different frequency.
*************************************End of TP2********************************************
TP3
The corresponding TP to 38.214 based on Understanding 3 is shown below:
*************************************Start of TP3********************************************
5	Physical downlink shared channel related procedures
5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: 
· If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier
· If the survivor PDSCH in step 1 is unicast PDSCH, the survivor PDSCH in step 1 and any other unicast PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 in time- domain are excluded from Q. 
· If the survivor PDSCH in step 1 is multicast PDSCH, the survivor PDSCH in step 1 and any other multicast PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 in time- domain are excluded from Q. 
· Any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 in both time- domain and frequency-domain are excluded from Q. 
· Otherwise, Tthe survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q.
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE
*************************************End of TP3********************************************
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