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Introduction
In this contribution, we discuss how to support a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service.
TCI state for multicast PDSCH
RAN1 discussed some FL’s proposals on TCI state of multicast PDSCH in RAN1#107bis-e as follows:
	Updated proposal 1-4a:
The total number of TCI-State configurations (with different TCI-StateIds) that can be configured for unicast in PDSCH-Config and multicast in PDSCH-Config-Multicast is kept the same as in Rel-16. 
· If the UE is configured with a list of up to M’ TCI-State configurations in PDSCH-Config-Multicast, the mapping between TCI states in PDSCH-Config-Multicast and the TCI codepoints in DCI format 4_2 is indicated by a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ received over multicast PDSCH scrambled with G-RNTI.
· FFS the default behaviour if the UE is configured with a list of up to M’ TCI-State configurations in PDSCH-Config-Multicast but no MAC CE activation command has been received by the UE.
· FFS how to align the application time of the mapping between TCI states and the TCI codepoints in DCI format 4_2 for different UEs in the same MBS group.
Updated proposal 1-4b:
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.”



As discussed in RAN1#107bis-e, we would need to align the application time of the mapping between TCI states and the TCI codepoints in DCI format 4_2 for different UEs in the same MBS group, because relying on HARQ-ACK for the application time could result in misalignment of the application time among different UEs. As one simple solution to align the application time, we think that multicast DCI 4_2 could include a toggling bit indicating to the UEs in the same group whether to apply the recently received UE specific activation command.
Proposal 1: For aligning the application time of the mapping between TCI states and the TCI codepoints in DCI format 4_2 for different UEs in the same MBS group, if the unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ has been received, if the legacy condition is met, all UEs in the group apply the activation command upon receiving DCI format 4_2 indicating a new or existing toggled bit e.g. NDI
Meanwhile, as in Alt 1, if the UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config, we think that different UEs in the same group may differently interpret TCI codepoints in a same DCI format 4_2. Thus, a specific TCI state codepoint of DCI 4_2 can indicate a deactivated TCI state for one UE but still an activated TCI state for the other UE.
For example, both UE1 and UE2 in the same group e.g. for G-RNTI#1 can be configured with the TCI states 1, 2, 3 and 4. Then, the network can activate TCI state 1 and 2 for UE1 by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE over unicast PDSCH. Meanwhile, the network can activate TCI state 2 for UE2 by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE over unicast PDSCH. 
In this case, if UE receives the DCI 4_2 of which CRC is scrambled by G-RNTI#1 and the DCI 4_2 indicates a specific codepoint mapped to both TCI state 1 for UE1 and TCI state 2 for UE2, UE1 and UE2 receive a same multicast PDSCH scheduled by the DCI 4_2 by using TCI state 1 and TCI state 2, respectively. However, if UE receives the DCI 4_2 of which CRC is scrambled by G-RNTI#1 and the DCI 4_2 indicates a specific codepoint mapped to both TCI state 2 for UE1 and TCI state 3 for UE2, UE1 receives multicast PDSCH scheduled by the DCI 4_2 by using TCI state 2, while it is not clear how UE2 receives multicast PDSCH by using TCI state 3 which is deactivated for UE2. We think that if this case happens, it seems natural that UE2 does not receive multicast PDSCH. Thus, UE2 can send NACK to multicast PDSCH regardless of whether UE2 actually receives multicast PDSCH.
Observation 1: If the UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config as in Alt 1 of FL’s proposal, a specific TCI state codepoint of DCI 4_2 can indicate a deactivated TCI state for one UE but still an activated TCI state for the other UE.
Proposal 2: If a specific TCI state codepoint of DCI 4_2 indicates a deactivated TCI state for a UE, the UE ignores the corresponding multicast PDSCH, and then the UE sends NACK
TCI state for multicast PDCCH
RAN1 discussed some FL’s proposals on TCI state of multicast PDSCH with the possibility of applying the existing MAC CE to multicast PDSCH as well as unicast PDSCH in RAN1#107bis-e.
Considering that the TCI State Indication for UE-specific PDCCH MAC CE is used for unicast PDCCH, RAN1 would also need to clarify whether the existing MAC CE for unicast PDCCH can be applied to multicast PDCCH, especially when unicast CORESET is used for multicast PDCCH as well as unicast PDCCH.
In our view, if a CORESET is shared by unicast and multicast, it seems natural that the existing the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH is also applied to multicast PDCCH on the CORESET.
If a CORESET configured in PDCCH-Config-Multicast is dedicated to multicast, the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH may indicate the CORESET ID. Considering this possibility, RAN1 could discuss the following options for a CORESET configured in PDCCH-Config-Multicast:
· Option 1: UE expects that the existing the TCI State Indication for UE-specific PDCCH MAC CE does not indicate the CORESET ID for multicast.
· Option 2: the existing the TCI State Indication for UE-specific PDCCH MAC CE can be also applied to the CORESET ID for multicast.
Observation 2: RAN1 should clarify whether the existing MAC CE for unicast PDCCH can be also applied to multicast PDCCH, especially when unicast CORESET is used for multicast PDCCH as well as unicast PDCCH.
Proposal 3: For a CORESET shared by unicast and multicast, the existing the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH can be also applied to multicast PDCCH on the CORESET.
Proposal 4: For a CORESET configured in PDCCH-Config-Multicast, if the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH indicates the CORESET ID,
· Option 1: UE expects that the existing the TCI State Indication for UE-specific PDCCH MAC CE does not indicate the CORESET ID for multicast.
· Option 2: the existing the TCI State Indication for UE-specific PDCCH MAC CE can be also applied to the CORESET ID for multicast.
CFR/CORESET/SS
We think that a certain CFR could be confined within more than one UE active BWP with a same numerology. If it is the case, upon unicast BWP switching, UE would not need to change CFR because CFR is associated with both unicast BWPs. UE could maintain CFR configuration and continue to receive PTM/PTP (re-)transmissions on the CFR during/after unicast BWP switching.
Proposal 5: If a CFR is confined within more than one UE active BWP with a same numerology, the CFR can be associated to more than one BWP. 
· Upon unicast BWP switching between UE’s active BWPs associated to the same CFR, UE does not change CFR and continues to receive PTM/PTP (re-)transmissions on the CFR during/after unicast BWP switching.
As specified in clause 5.1.5 of 38.214, if the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. In addition, If the PDSCH is scheduled by a DCI format having the TCI field present, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state.
Assuming that the above text in clause 5.1.5 of 38.214 can be also applied to GC-PDCCH/GC-PDSCH, we would need to clarify how the threshold timeDurationForQCL can be determined based on reported UE capability, because multiple UEs receiving the same GC-PDCCH/GC-PDSCH in the same group may report different UE capability for the threshold timeDurationForQCL. One simple approach seems that UEs always go for the worst threshold timeDurationForQCL for GC-PDCCH/GC-PDSCH. Alternatively, gNB could configure threshold timeDurationForQCL per G-RNTI or per CFR based on the worst reported UE capability among UEs in the same group or in the same CFR. If configured, we prefer the threshold timeDurationForQCL per G-RNTI. If not configured, the threshold could be set to the worst value in the current specification.
Proposal 6: For reception of GC-PDSCH scheduled by GC-PDCCH, UE determines whether the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, as specified in clause 5.1.5 of 38.214, where the threshold is configured per G-RNTI by gNB (based on the worst reported UE capability).
· If the threshold is not configured, the worst value of the threshold in the current specification is used.
In RAN1#104bis-e, RAN1 discussed the following proposal without any agreement:
For RRC_CONNECTED multicast UEs supporting CA capability, support the following principles for determining  /   and the maximum numbers of BD/CCE UE is required to monitor per slot for a serving cell supporting multicast reception:
· When determining   /   defined in 38.213, the number of DL serving cell(s) supporting multicast reception is increased as R times. 
· The maximum BD/CCE numbers are increased as R times  and R times  for a serving cell supporting multicast reception, where  and  are defined in Table 10.1-2 and Table 10.1-3 in 38.213 
· R is a value reported by the UE
To our understanding, the maximum BD/CCE numbers can be increased as R times  and R times  for a serving cell supporting multicast reception. However, we think that R is not related to CA capability. For RRC_CONNECTED UE receiving multicast, R can be a value reported by the UE as part of MBS related UE capability, regardless of whether UE supports CA capability
Proposal 7: The maximum BD/CCE numbers are increased as R times  and R times  for a serving cell supporting multicast reception, where  and  are defined in Table 10.1-2 and Table 10.1-3 in 38.213 
· R is a value reported by the UE as part of MBS related UE capability, regardless of whether UE supports CA capability.
HARQ New TX and ReTX
RAN1 agreed the same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
In RAN1#106bis, RAN1 discussed the following FL’s proposal, but RAN1 did not reach any agreement.
	Initial Question 4-1a: Regarding the NDI conflict issue that different UEs in a group may have different NDI values for a certain HPID before performing an initial PTM transmission, which option should be adopted?
· Option 1: Rely on gNB implementation to avoid such issue.
· Option 2: Resolve this issue with potential specification enhancement.



In our view, as specified in Rel-15/16, UE should manage NDIs in unicast DCIs only across unicast PDCCHs. Meanwhile, UE should manage NDIs in multicast DCIs only within same G-RNTI. That is, for multiple GC-DCIs scheduling multiple G-RNTIs, NDI values for different G-RNTIs are separately toggled and managed. 
Accordingly, NDIs for multicast DCIs and NDIs for unicast DCIs should be independently and separately handled. A NDI value for unicast DCI and a NDI value for subsequent group common DCI can be same or different for a same HPN. Besides, a NDI value for group common DCI and a NDI value for subsequent unicast DCI can be same or different for a same HPN.
In the meantime, RAN1 previously agreed the same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB. We think that the NDI value should be same for a same TB for group common DCIs and PTP retransmissions for a same G-RNTI. 
To avoid potential collision between PTP retransmission and unicast transmission for a same HARQ process number in DCIs, UE specific DCI scheduling PTP retransmission can indicate PTP retransmission. Thus, NDIs in UE specific DCIs scheduling PTP retransmission can be managed across PTM and PTP retransmission for a same HARQ process number, separately with NDIs for unicast DCI indicating the same HARQ process number.
Proposal 8: For multiple GC-DCIs scheduling multiple G-RNTIs, NDI values for different G-RNTIs are separately toggled and managed.
Proposal 9: For multiple GC-DCIs scheduling multiple G-RNTIs with different HPNs, PTP retransmission is associated to PTM initial transmission for one of the G-RNTIs based on the same HARQ process ID and NDI.
Proposal 10: UE specific DCI indicates PTP retransmission. 
Proposal 11: For PTP ReTX and unicast with a same HPN, NDI value for PTP ReTX and NDI value for unicast are separately toggled and managed.
Meanwhile, we think that if UE receives PTP retransmission, it is desirable to continue on PTP retransmission, rather PTM retransmission. DRX active time may not be well aligned between PTP retransmission and PTM retransmission because PTP/PTM retransmissions will be likely scheduled after NACKs on PUCCHs separately allocated for PTP/PTM. For saving UE power, it seems beneficial for UE to expect PTP retransmission of a TB after sending NACK to the TB once PTP retransmission of a TB has been received. Otherwise, while monitoring PDCCH for PTP retransmission, UE would need to continuously monitor PDCCH for PTM retransmission. We think that it is up to UE whether to additionally receive retransmission of the same TB on group common PDSCH with the same HPN and non-toggled NDI.
Proposal 12: Upon receiving PTP retransmission of a TB with a HPN, UE expects PTP retransmission of the TB after sending NACK to the TB.
· It is up to UE whether to additionally receive retransmission of the same TB on group common PDSCH with the same HPN and non-toggled NDI.
Multicast scheduling with carrier aggregation
In RAN1#107, RAN1 discussed reception of group-common PDCCH/PDSCH on SCell with self-scheduling and cross-carrier scheduling for multicast. As discussed in RAN1#107, multicast reception on SCell would be useful in scenarios where PCells are different among UEs in the same group, otherwise all UEs in the same group should be configured with the same PCell if they want to receive multicast. Thus, we propose that UE configured with SCell can support reception of multicast transmission on SCell depending on UE capability.
Proposal 13: UE configured with SCell can support reception of multicast transmission on SCell depending on UE capability.
Meanwhile, support of cross-carrier scheduling for multicast seems not essential in Rel-17. Thus, we prefer that cross-carrier scheduling of PTM transmission is not supported in Rel-17 for simplicity. 
Proposal 14: Cross-carrier scheduling of PTM transmission is not supported in Rel-17.
Furthermore, assuming that cross-carrier scheduling of PTM transmission is not supported, we could further discuss whether PTM transmission on a serving cell can be supported with cross carrier scheduling of unicast transmission. We are fine to support PTM transmission on a serving cell when UE is configured with CCS for unicast and the serving cell schedules the other cell for unicast transmission,. But, for simplicity, we do not prefer to support PTM transmission on a serving cell when UE is configured with CCS for unicast and the SCell is scheduled by the other cell for unicast transmission. Meanwhile, it seems clear that PTM transmission on a serving cell can be supported if UE is not configured with CCS for unicast.
Proposal 15: PTM transmission on a serving cell can be supported if UE is not configured with CCS for unicast.
Proposal 16: PTM transmission on SCell is not supported if UE is configured with CCS for unicast and the SCell is scheduled by the other cell for unicast transmission.
Proposal 17: PTM transmission on a serving cell can be supported if UE is configured with CCS for unicast and the serving cell schedules the other cell for unicast transmission.
Conclusion
In this contribution, we suggest the following proposals for support of group scheduling in NR MBS:
TCI state for multicast PDSCH
Proposal 1: For aligning the application time of the mapping between TCI states and the TCI codepoints in DCI format 4_2 for different UEs in the same MBS group, if the unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ has been received, if the legacy condition is met, all UEs in the group apply the activation command upon receiving DCI format 4_2 indicating a new or existing toggled bit e.g. NDI.
Observation 1: If the UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config as in Alt 1 of FL’s proposal, a specific TCI state codepoint of DCI 4_2 can indicate a deactivated TCI state for one UE but still an activated TCI state for the other UE.
Proposal 2: If a specific TCI state codepoint of DCI 4_2 indicates a deactivated TCI state for a UE, the UE ignores the corresponding multicast PDSCH, and then the UE sends NACK.
TCI state for multicast PDCCH
Observation 2: RAN1 should clarify whether the existing MAC CE for unicast PDCCH can be also applied to multicast PDCCH, especially when unicast CORESET is used for multicast PDCCH as well as unicast PDCCH.
[bookmark: _GoBack]Proposal 3: For a CORESET shared by unicast and multicast, the existing the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH can be also applied to multicast PDCCH on the CORESET.
Proposal 4: For a CORESET configured in PDCCH-Config-Multicast, if the TCI State Indication for UE-specific PDCCH MAC CE over unicast PDSCH indicates the CORESET ID,
· Option 1: UE expects that the existing the TCI State Indication for UE-specific PDCCH MAC CE does not indicate the CORESET ID for multicast.
· Option 2: the existing the TCI State Indication for UE-specific PDCCH MAC CE can be also applied to the CORESET ID for multicast.
CFR/CORESET/SS
Proposal 5: If a CFR is confined within more than one UE active BWP with a same numerology, the CFR can be associated to more than one BWP. 
· Upon unicast BWP switching between UE’s active BWPs associated to the same CFR, UE does not change CFR and continues to receive PTM/PTP (re-)transmissions on the CFR during/after unicast BWP switching.
Proposal 6: For reception of GC-PDSCH scheduled by GC-PDCCH, UE determines whether the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, as specified in clause 5.1.5 of 38.214, where the threshold is configured per G-RNTI by gNB (based on the worst reported UE capability).
· If the threshold is not configured, the worst value of the threshold in the current specification is used.
Proposal 7: The maximum BD/CCE numbers are increased as R times  and R times  for a serving cell supporting multicast reception, where  and  are defined in Table 10.1-2 and Table 10.1-3 in 38.213 
· R is a value reported by the UE as part of MBS related UE capability, regardless of whether UE supports CA capability.
HARQ New TX and ReTX
Proposal 8: For multiple GC-DCIs scheduling multiple G-RNTIs, NDI values for different G-RNTIs are separately toggled and managed.
Proposal 9: For multiple GC-DCIs scheduling multiple G-RNTIs with different HPNs, PTP retransmission is associated to PTM initial transmission for one of the G-RNTIs based on the same HARQ process ID and NDI.
Proposal 10: UE specific DCI indicates PTP retransmission. 
Proposal 11: For PTP ReTX and unicast with a same HPN, NDI value for PTP ReTX and NDI value for unicast are separately toggled and managed.
Proposal 12: Upon receiving PTP retransmission of a TB with a HPN, UE expects PTP retransmission of the TB after sending NACK to the TB.
· It is up to UE whether to additionally receive retransmission of the same TB on group common PDSCH with the same HPN and non-toggled NDI.
Multicast scheduling with CA
Proposal 13: UE configured with SCell can support reception of multicast transmission on SCell depending on UE capability.
Proposal 14: Cross-carrier scheduling of PTM transmission is not supported in Rel-17.
Proposal 15: PTM transmission on a serving cell can be supported if UE is not configured with CCS for unicast.
Proposal 16: PTM transmission on SCell is not supported if UE is configured with CCS for unicast and the SCell is scheduled by the other cell for unicast transmission.
Proposal 17: PTM transmission on a serving cell can be supported if UE is configured with CCS for unicast and the serving cell schedules the other cell for unicast transmission.
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