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Introduction
The WID on NR Multicast and Broadcast Services was revised in RAN#88e [1]. 
One of the objectives led by RAN1 is to specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· 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]
In addition, RAN1 is involved in specification of 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 this contribution, we discuss how to support a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service.
CFR
When it comes to CFR discussion, we would like to refer to NR sidelink. For SL, both UL/DL BWP and SL BWP are being activated for a UE under the condition that both SL BWP and UL BWP use a same numerology in a same carrier of a same cell. If the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated. RAN1 did not introduce BWP switching between SL BWP and DL/UL BWP. 
We think that similar BWP design can be applied to MBS. In Option 2A, if a connected UE is receiving multicast, both MBS BWP and UE active DL BWP can be activated for the UE without support of BWP switching between MBS BWP and UE active DL BWP. There seems no strong motivation to support BWP switching from UE active DL BWP to MBS BWP or from MBS BWP to UE active DL BWP, assuming one BWP is confined within the other BWP with a same numerology. 
Observation 1: For SL, both UL/DL BWP and SL BWP are being activated for a UE under the condition that both SL BWP and UL BWP use a same numerology in a same carrier of a same cell. If the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated. 
Observation 2: No BWP switching between SL BWP and DL/UL BWP is specified.
Proposal 1: In Option 2A, both MBS BWP and DL BWP are being activated for a UE without support of BWP switching between MBS BWP and DL BWP. With this, no fundamental difference between Option 2A and Option 2B is identified.
With the above observations and the proposal, we could not see any fundamental difference between Option 2A and Option 2B. Option 2A can offer all benefits that Option 2B can offer. Even, Option 2A can offer more benefits than Option 2B in term of extensibility to various cases, including support of a wider CFR than UE’s active DL BWP or initial DL BWP, support of broadcast as well as multicast, and support of all RRC states.
Furthermore, Option 2A can easily support potential future extension to reception of overlapped MBS/unicast BWPs with different numerologies or non-overlapped MBS/unicast BWPs. Meanwhile, Option 2B cannot offer extensibility to various cases that we may consider in the future or we may lose if Option 2B is adopted.
Observation 3: Option 2A can offer all benefits that Option 2B can offer. Even, Option 2A can offer more benefits than Option 2B in term of extensibility to various cases, including support of a wider CFR than UE’s active DL BWP or initial DL BWP, support of broadcast as well as multicast, and support of all RRC states.
Note that a connected UE can switch to initial DL BWP shared by idle/inactive UEs according to the current specification. When a CFR is associated to the initial DL BWP for multicast, CFR may be equal to or smaller than the initial DL BWP in some cases. In our view, depending on gNB configuration, CFR should be allowed to be also configured with a wider bandwidth than the initial DL BWP. We concern that CFR equal to or smaller than the initial DL BWP would lead to low multicast capacity in CFR and potentially cause overload in initial DL BWP. It would be beneficial to support possibility of configuring a wider CFR than initial DL BWP.
Observation 4: A connected UE can switch to initial DL BWP shared by idle/inactive UEs according to the current specification. If CFR is associated to the initial DL BWP for multicast, CFR equal to or smaller than the initial DL BWP would lead to low multicast capacity in CFR and potentially cause overload in initial DL BWP. Thus, it is beneficial to support configuration of a wider CFR than initial DL BWP as well as CFR equal to or smaller than the initial DL BWP.
Accordingly, we prefer to support Option 2A because we could not see any fundamental difference between Option 2A and Option 2B and Option 2A can offer more benefits than Option 2B. 
Note that if Option 2A is not supported, Option 2B could be supported with the term ‘MBS BWP’ to avoid introduction of a new term ‘CFR’ in specifications.
Proposal 2: Option 2A is supported. If Option 2A is not supported, Option 2B is supported with the term ‘MBS BWP’ without introduction of a new term ‘CFR’
In the meantime, we think that the supported CFR option (either Option 2A or 2B) should be applicable to both multicast and broadcast for any applicable RRC state, whichever CFR option is finally agreed. That is, CFR configuration can be applicable to any RRC state for both multicast and broadcast. For example, CFR configuration can be included in both a RRC message on MCCH or a UE dedicated RRC message.
Proposal 3: The supported CFR option is applicable to both multicast and broadcast for any applicable RRC state, whichever CFR option is finally agreed.
As we previously pointed out, we concern that CFR equal to or smaller than the initial DL BWP would lead to low multicast capacity in CFR and potentially cause overload in initial DL BWP. Thus, it would be beneficial to support possibility of configuring a wider CFR than initial DL BWP for a connected UE receiving multicast.
Proposal 4: For a connected UE receiving multicast, CFR associated to initial DL BWP can be configured with a wider bandwidth than the initial DL BWP or a bandwidth equal to or smaller than the initial DL BWP, whichever CFR option is finally agreed.
A connected UE can change unicast BWP switching e.g. from UE’s active BWP#1 to UE’s active BWP#2. Assuming that separate CFRs are associated to different unicast BWPs, unicast BWP switching should trigger change of CFR from CFR#1 associated to UE’s active BWP#1 to CFR#2 associated to UE’s active BWP#2 (whichever CFR option is agreed).
Proposal 5: At least for multicast, unicast BWP switching between UE’s active BWPs may immediately triggers CFR change between different CFRs associated to different UE’s active BWPs.
Meanwhile, 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 6: 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.
For a connected UE receiving broadcast, one CFR of a cell should be associated at least to initial DL BWP of the cell. Thus, when connected UE switches to the initial DL BWP, UE could receive broadcast on the CFR associated to the initial DL BWP. 
Meanwhile, it is not clear how a connected UE activating UE’s active BWP different than the initial DL BWP can receive broadcast. One option is for gNB to transmit broadcast as well as multicast on a CFR associated to UE’s active BWP. 
Proposal 7: For broadcast, CFR of a cell is associated at least to initial DL BWP of the cell for any RRC state. 
· FFS whether broadcast CFR is associated to UE’s active DL BWP for UE in RRC_CONNECTED (whichever CFR option is agreed).
RAN1 is still discussing whether only one CFR is configured for connected UE receiving multicast. We think that if UE is configured with up to 4 unicast DL BWPs, UE may be configured with up to 4 CFRs. However, since UE activates only one unicast DL BWP, UE should activate only one CFR associated to unicast active DL BWP.
Proposal 8: For multicast, MBS capable UE activates only one CFR at a time for REL-17 regardless of whether or not more than one CFR is configured by gNB can be supported (whichever CFR option is agreed).
CORESET/SS
It is understood that a CORESET ID is unique across all unicast BWPs of a serving cell for a UE. If CORESET is configured for a CFR, we think that a CORESET ID can be unique across all CFRs and the associated UE active BWPs for a serving cell. gNB could configure a CORESET for both a CFR and unicast BWP. Namely, it can be up to gNB configuration whether a CORESET ID is configured for both a CFR and the UE active BWP associated to the CFR. 
However, if the CFR is confined within UE active BWP, we think that the CORESET used by the CFR should be confined within the CFR in frequency. The CFR should not be configured with a CORESET not confined within the CFR. 
Proposal 9: A CORESET ID is unique across all CFRs and the associated UE active BWPs for a serving cell.
Proposal 10: It is up to gNB configuration whether a CORESET ID is configured for both a CFR and the UE active BWP associated to the CFR. However, if the CFR is confined within UE active BWP, CORESET used by the CFR should be confined within the CFR in frequency.
RAN1 agreed that for CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2
Considering that multicast transmissions are mostly user traffic, the monitoring priority for CSS for multicast should be configurable. Thus, we support Alt 2.
Proposal 11: support new CSS type 4 for multicast of which monitoring priority is handled like USS.
Regarding DCI size budget, the working assumption made in RAN1#104B is to keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS. It is 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. We think that the G-RNTI can be considered as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor can be still kept as 3.
Proposal 12: the G-RNTI is “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor is kept as 3.
In addition, RAN1 agreed to define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH. We think that the new CS-RNTI can be also considered “other RNTI”.
Proposal 13: G-CS-RNTI is “other RNTI”.
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 14: 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.
In RAN1#104-e, RAN1 agreed that for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same. Meanwhile, RAN1 previously agreed that for RRC_IDLE/RRC_INACTIVE UEs, beam sweeping is supported for group-common PDCCH/PDSCH. Thus, in our view, assuming that gNB would broadcast multiple group common PDSCH transmissions associated to different SSBs for a same TB for broadcast for idle/inactive UEs, connected UEs interested to receive the broadcast service are expected to selectively receive one or more of the group-common PDSCH transmissions associated to a selected SSB for broadcast. 
On the other hand, even for multicast, gNB may need to transmit multiple TDMed group-common PDSCHs of a same TB to connected UEs in a same group with selectively different RSs. In this case, we think that for both broadcast and multicast, different UE in a same group do not need to receive all TDMed group common PDSCHs of the same TB. Instead, the UEs should be allowed to selectively receive same or different PDSCHs among TDMed group common PDSCHs carrying the same TB.
Proposal 15: support transmission of multiple TDMed group-common PDSCHs carrying a same TB with selectively different RSs for both broadcast and multicast.
· Different UE in the group selectively receive same or different PDSCHs among TDMed PDSCHs carrying the TB. 
For unicast PDSCH, PDSCH configuration in 38.331 can currently provide tci-StatesToAddModList in PDSCH-config. Similarly, we propose that multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Proposal 16: Multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Moreover, gNB may need to configure multiple CORESETs and transmit group common PDCCHs to multiple UEs with same or different TCI states in a group. For a same TB of a same MBS service, the DCI could be repeated on multiple CORESETs with same or different TCI states. Different UEs may monitor same or different CORESETs depending on TCI states. 
Proposal 17: From gNB perspective, gNB may configure multiple CORESETs and transmit group common PDCCHs to multiple UEs in a group. The DCI can be repeated on multiple CORESETs with same or different TCI states
The CORESET configuration in 38.331 can currently provide tci-StatesPDCCH-ToAddList for controlResourceSetId. Similarly, we propose that multiple TCI states could be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
Proposal 18: Multiple TCI states can be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
HARQ New TX and ReTX
RAN1 agreed he same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
In RAN1#104bis-e, RAN1 discussed the following proposals without an agreement:
For a HARQ process ID, if the PTM retransmission or PTP retransmission of the previous TB, which is initially transmitted with PTM scheme 1, with the HARQ process ID is not completed (e.g., the maximum number of retransmissions is not reached or HARQ ACK is not sent assuming ACK/NACK based HARQ scheme is used), down-select one of the following two alternatives:
· Alt 1: UE is not expected to receive a PTM scheme 1 initial transmission of a new TB with the same HARQ process ID.
· Alt 2: it is possible that UE receives a PTM scheme 1 initial transmission of a new TB with the same HARQ process ID.
[bookmark: _Hlk68997911]For RRC_CONNECTED UEs, if PTM scheme 1 is used for initial transmission, PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group.
First of all, 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 19: 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.
Secondly, we think that it is up to gNB whether group common DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of group common PDSCH before successfully receiving ACK to PTP retransmission after transmitting PTP retransmission with a HPN. However, we would need to clarify how UE should act upon detecting the group common DCI with the same HPN and a toggled NDI before sending ACK to the PTP retransmission.
We think that if new TX has a lower priority than the PTP retransmission, a UE should not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission. If new TX has a higher priority than the PTP retransmission, a UE should receive new TX of group common PDSCH even before successfully sending ACK to PTP retransmission. Otherwise (e.g. if new TX has an equal priority with the PTP retransmission), a UE should not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission.
Proposal 20: After transmitting PTP retransmission with a HPN, it is up to gNB whether group common DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of group common PDSCH. 
· If new TX has a lower priority than the PTP retransmission, a UE does not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission. 
· If new TX has a higher priority than the PTP retransmission, a UE receives new TX of group common PDSCH even before successfully sending ACK to PTP retransmission.
· Otherwise (e.g. if new TX has an equal priority with the PTP retransmission), a UE does not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission.
Thirdly, if a HPN is shared by unicast and PTM for a UE, gNB could transmit group common DCI with the HPN and a toggled NDI to schedule new TX of group common PDSCH, before receiving ACK to unicast after transmitting unicast transmission with the same HPN. We think that it is up to gNB. However, we would need to clarify how the UE should act upon detecting the group common DCI with the same HPN and a toggled NDI before sending ACK to the unicast transmission.
We think that if new TX has a lower priority than the unicast transmission, a UE should not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission. If new TX has a higher priority than the unicast transmission, a UE should receive new TX of group common PDSCH even before successfully sending ACK to unicast transmission. Otherwise, a UE should not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission.
Proposal 21: After transmitting unicast transmission with a HPN, it is up to gNB whether group common DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of group common PDSCH.
· If new TX has a lower priority than the unicast transmission, a UE does not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission. 
· If new TX has a higher priority than the unicast transmission, a UE receives new TX of group common PDSCH even before successfully sending ACK to unicast transmission.
· Otherwise, a UE does not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission.
Finally, if a HPN is shared by unicast and PTM for a UE, gNB could transmit UE specific DCI with the HPN and a toggled NDI to schedule new TX of UE specific PDSCH, before receiving ACK to PTM after transmitting PTM transmission with the same HPN. We think that it is up to gNB. However, we would need to clarify how the UE should act upon detecting UE specific DCI with the same HPN and a toggled NDI before sending ACK to the PTM transmission.
We think that if new TX has a lower priority than the group common transmission, a UE should not receive new TX of unicast PDSCH before successfully sending ACK to the group common PDSCH. If new TX has a higher priority than the group common transmission, a UE should receive new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH. Otherwise, a UE should receive new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH
Proposal 22: After transmitting group common PDCCH/PDSCH with a HPN, it is up to gNB whether UE specific DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of unicast PDSCH.
· If new TX has a lower priority than the group common transmission, a UE does not receive new TX of unicast PDSCH before successfully sending ACK to the group common PDSCH. 
· If new TX has a higher priority than the group common transmission, a UE receives new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH.
· Otherwise, a UE receives new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH.
Group Common SPS
NOTE: All proposals in this section are also shown in LG’s other contribution to AI 8.12.2.
Since multiple UEs receive group common SPS, it seems essential for gNB to ensure whether a particular UE in the group is receiving group common SPS activation/(re-)transmission/release. We think that HARQ-ACK for group common SPS will be helpful for gNB to ensure that all UEs in the group are following group common SPS. Especially we propose that all UEs in the group individually send UE specific confirmation to DCI indicating SPS activation or deactivation by using HARQ-ACK on UE specific PUCCH resource. The UE specific PUCCH resource can be allocated by DCI indicating SPS activation or deactivation.
Proposal 23: For group common SPS, UE specific confirmation to group common SPS (de-)activation can be supported by PUCCH A/N. 
· UE specific PUCCH resource is allocated by DCI indicating SPS (de-)activation. 
In addition, reliability of a DCI indicating activation or release seems important for group common SPS. For example, if some of UEs in a same group misses an activation DCI, it seems not easy for the UEs to follow ongoing group common SPS transmissions. Thus, we propose to support repetition of a same DCI on multiple CORESETs with same or different TCI states for group common SPS.
Proposal 24: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
When gNB activates group common SPS, a UE in the group may miss the activation DCI. If gNB did not receive confirmation from the UE or gNB did not receive HARQ-ACK to SPS PDSCH of a TB, gNB could schedule PTP transmission of the TB. In this case, initial HARQ transmission of the TB should be supported based on PTP transmission.
Proposal 25: For a UE not confirming SPS activation, gNB can schedule PTP initial transmission of missed TB(s).
When gNB releases group common SPS, a UE in the group may miss the release DCI. If gNB did not receive confirmation from the UE, it is not clear how UE could finally release the group common SPS. Considering such erroneous case, it would be beneficial to introduce UE autonomous SPS release. It seems possible to use a UE’s individual timer based SPS release. However, considering misalignment among different UEs in the group, we should make sure that all UEs autonomously release group common SPS release at a same slot which could be pre-determined e.g. by RRC and/or DCI.
Proposal 26: After group common SPS activation, all UEs autonomously release the group common SPS right after a pre-determined slot 
· The pre-determined time is determined by RRC and/or DCI. 
RAN1 previously agreed that for slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured with pdsch-AggregationFactor, or UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. Meanwhile, RAN1 also agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. Thus, RAN1 can further clarify whether slot-level repetition can be also applied to group common SPS configuration. Considering that multiple UEs would receive group common SPS transmissions, it seems beneficial to provide those UEs in a group with multiple opportunities that the UEs can receive. In our view, both options agreed for group common PDSCH repetition can be also supported for group common SPS.
Proposal 27: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 
For group common SPS, it is unclear how group common PDSCH transmission can address different TCI states for different UEs in a same group, because group common SPS is not UE specific and different UEs may need to be configured with different TCI states. If repetition of group common SPS, we could associate different repetition of a same TB with different TCI states to allow different UEs to properly receive group common SPS. Or, gNB may provide separate SPS configurations to different UEs based on different TCI states even for the same multicast group of UEs. We propose to further discuss how to support different TCI states for group common SPS.
Proposal 28: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 
Conclusion
In this contribution, we suggest the following proposals for support of group scheduling in NR MBS:
CFR
Observation 1: For SL, both UL/DL BWP and SL BWP are being activated for a UE under the condition that both SL BWP and UL BWP use a same numerology in a same carrier of a same cell. If the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated.
Observation 2: No BWP switching between SL BWP and DL/UL BWP is specified.
Proposal 1: In Option 2A, both MBS BWP and DL BWP are being activated for a UE without support of BWP switching between MBS BWP and DL BWP. With this, no fundamental difference between Option 2A and Option 2B is identified.
Observation 3: Option 2A can offer all benefits that Option 2B can offer. Even, Option 2A can offer more benefits than Option 2B in term of extensibility to various cases, including support of a wider CFR than UE’s active DL BWP or initial DL BWP, support of broadcast as well as multicast, and support of all RRC states.
Observation 4: A connected UE can switch to initial DL BWP shared by idle/inactive UEs according to the current specification. If CFR is associated to the initial DL BWP for multicast, CFR equal to or smaller than the initial DL BWP would lead to low multicast capacity in CFR and potentially cause overload in initial DL BWP. Thus, it is beneficial to support a wider CFR than initial DL BWP
Proposal 2: Option 2A is supported. If Option 2A is not supported, Option 2B is supported with the term ‘MBS BWP’ without introduction of a new term ‘CFR’
Proposal 3: The supported CFR option is applicable to both multicast and broadcast for any applicable RRC state, whichever CFR option is finally agreed.
Proposal 4: For a connected UE receiving multicast, CFR associated to initial DL BWP can be configured with a wider bandwidth than the initial DL BWP or a bandwidth equal to or smaller than the initial DL BWP, whichever CFR option is finally agreed.
Proposal 5: At least for multicast, unicast BWP switching between UE’s active BWPs may immediately triggers CFR change between different CFRs associated to different UE’s active BWPs.
Proposal 6: 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 7: For broadcast, CFR of a cell is associated at least to initial DL BWP of the cell for any RRC state. 
· FFS whether broadcast CFR is associated to UE’s active DL BWP for UE in RRC_CONNECTED (whichever CFR option is agreed).
Proposal 8: For multicast, MBS capable UE activates only one CFR at a time for REL-17 regardless of whether or not more than one CFR is configured by gNB can be supported (whichever CFR option is agreed).
CORESET/SS
Proposal 9: A CORESET ID is unique across all CFRs and the associated UE active BWPs for a serving cell.
Proposal 10: It is up to gNB configuration whether a CORESET ID is configured for both a CFR and the UE active BWP associated to the CFR. However, if the CFR is confined within UE active BWP, CORESET used by the CFR should be confined within the CFR in frequency.
Proposal 11: support new CSS type 4 for multicast of which monitoring priority is handled like USS.
Proposal 12: the G-RNTI is “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor is kept as 3.
Proposal 13: G-CS-RNTI is “other RNTI”.
Proposal 14: 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.
Proposal 15: support transmission of multiple TDMed group-common PDSCHs carrying a same TB with selectively different RSs for both broadcast and multicast.
· Different UE in the group selectively receive same or different PDSCHs among TDMed PDSCHs carrying the TB. 
Proposal 16: Multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Proposal 17: From gNB perspective, gNB may configure multiple CORESETs and transmit group common PDCCHs to multiple UEs in a group. The DCI can be repeated on multiple CORESETs with same or different TCI states
Proposal 18: Multiple TCI states can be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
HARQ New TX and ReTX
Proposal 19: 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.
Proposal 20: After transmitting PTP retransmission with a HPN, it is up to gNB whether group common DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of group common PDSCH. 
· If new TX has a lower priority than the PTP retransmission, a UE does not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission. 
· If new TX has a higher priority than the PTP retransmission, a UE receives new TX of group common PDSCH even before successfully sending ACK to PTP retransmission.
· Otherwise (e.g. if new TX has an equal priority with the PTP retransmission), a UE does not receive new TX of group common PDSCH before successfully sending ACK to PTP retransmission.
Proposal 21: After transmitting unicast transmission with a HPN, it is up to gNB whether group common DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of group common PDSCH.
· If new TX has a lower priority than the unicast transmission, a UE does not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission. 
· If new TX has a higher priority than the unicast transmission, a UE receives new TX of group common PDSCH even before successfully sending ACK to unicast transmission.
· Otherwise, a UE does not receive new TX of group common PDSCH before successfully sending ACK to unicast transmission.
Proposal 22: After transmitting group common PDCCH/PDSCH with a HPN, it is up to gNB whether UE specific DCI with the same HPN and a toggled NDI can be transmitted to schedule new TX of unicast PDSCH.
· If new TX has a lower priority than the group common transmission, a UE does not receive new TX of unicast PDSCH before successfully sending ACK to the group common PDSCH. 
· If new TX has a higher priority than the group common transmission, a UE receives new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH.
· Otherwise, a UE receives new TX of unicast PDSCH even before successfully sending ACK to the group common PDSCH.
Group common SPS
Proposal 23: For group common SPS, UE specific confirmation to group common SPS (de-)activation can be supported by PUCCH A/N. 
· UE specific PUCCH resource is allocated by DCI indicating SPS (de-)activation. 
Proposal 24: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
Proposal 25: For a UE not confirming SPS activation, gNB can schedule PTP initial transmission of missed TB(s).
Proposal 26: After group common SPS activation, all UEs autonomously release the group common SPS right after a pre-determined slot 
· The pre-determined time is determined by RRC and/or DCI. 
Proposal 27: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 
Proposal 28: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 
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