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Introduction
According to the agreements that achieved in RAN1#106-e meeting [1], this contribution discusses the following items for group scheduling mechanism for RRC_CONNECTED UEs:
· MBS Common frequency resource (CFR)
· Initial transmission and retransmission(s)
· SPS group-common PDSCH
· CORESET/SS/DCI design for NR MBS
· Blind decoding
· Simultaneous reception of unicast and multicast
Discussion
Common frequency resource
1.1.1 CFR configuration
1. 
It was proposed by some companies that more than one MBS CFRs can be configured per dedicated unicast BWP to obtain more flexibility. However, the benefit is not clear. In addition, when more than one CFR are configured, whether multiple CFRs can be active simultaneously needs to be considered. More discussion and specification efforts are needed. Instead, a wider CFR is more feasible and beneficial when wide band is required for MBS reception. 
Proposal  1：At most one CFR can be associated with an active unicast BWP.
For receiving MBS, a CFR can be confined within more than one BWP when more than one BWP are configured. For example, 4 dedicated unicast BWP are configured, and a CFR is defined in BWP1/2/3 to receive MBS, as shown in Figure 2.1‑1. For the BWP that is not associated with a CFR (e.g. BWP4), UE will switch the active BWP to a certain BWP (e.g. BWP1, BWP2, and BWP3) which associated with a CFR to receive the MBS. In other words, MBS cannot be scheduled in a dedicated unicast BWP when the BWP is not associated with the CFR.  


[bookmark: _Ref78915409]Figure 2.1‑1: CFR is defined in BWP1, BWP2, and BWP3
Regarding the ‘CFR associated with UE active BWP’, two configuration options can be considered, as shown in Figure 2.1‑2. 


Figure 2.1‑2: The configuration cases when CFR is associated with UE BWPs
· Option 1
In this option, when the CFR is defined in BWP1/2/3 as discussed above, the CFR configuration (i.e., cfr-Config-Multicast) will be configured for each BWP. In other words, the CFR configuration (i.e., cfr-Config-Multicast) will be configured more than one time when a CFR is associated with multiple BWP(s) as shown in Figure 2.1‑2(a). 
· Option 2
In this option, the CFR configuration (i.e., cfr-Config-Multicast) is configured separately with BWP configuration. Each dedicated unicast BWP is associated with one CFR configuration (i.e., cfr-Config-Multicast). The CFR configuration needs to be associated with one dedicated unicast BWP by index, such as cfr-index , to indicate the correlation of  dedicated unicast BWP  and the CFR,  just as shown in Figure 2.1‑2(b). When one of the CFR is associated with multiple BWP(s), the CFR configuration only need to be setted once for the UE. Furthermore, the gNB only needs to reconfigure the CFR once when it is need to be updated.
Comparing with Option 1, Option 2 can save RRC signaling. Thus, Option 2 is more preferred, in which the CFR configuration is associate with one dedicated unicast BWP through a CFR index.
Proposal 2: The CFR configuration (i.e., cfr-Config-Multicast) is configured separately with BWP configuration, and the CFR configuration can be associated with the dedicated unicast BWP via a CFR index.
If the new IE CFR-Config-Multicast is not configured for the active BWP, the UEs don’t know the multicast reception configuration corresponding to the active BWP, such as IE searchSpacesToAddModList-Multicast and searchSpace-Multicast. Thus, the UEs don’t know how/where to search for PDCCH candidates. In other words, the UE can’t perform multicast reception in the active BWP when the new IE CFR-Config-Multicast is not configured for the active BWP.
Proposal 3: The UE is not expected to receive multicast in the active BWP when the new IE CFR-Config-Multicast is not configured for the active BWP.
	Agreement:
For indication of the starting PRB and the length of PRBs of CFR for multicast of RRC-CONNECTED UEs,
· the starting PRB is referenced to Point A, i.e., the starting PRB is a PRB determined by subcarrierSpacing of the associated BWP and offsetToCarrier corresponding to this subcarrier spacing, similar as how locationAndBandwidth of a BWP is indicated as described in TS 38.331.
· FFS: Indication mechanism.


In the last meeting, it has been agreed that the starting PRB is referenced to Point A. One remaining issue is that how to indicate the starting PRB and the length of PRB of CFR for multicast of RRC-CONNECTED UEs. In the Rel-15/16 NR, the frequency domain location and bandwidth of BWP is indicated by locationAndBandwidth, which is interpreted as resource indicator (RIV) value. It is recommended that the indication of CFR can reuse the legacy rules of RIV to indicate the starting PRB and length of PRBs, thus it will have less impact to the current specification and can work well.
Proposal 4: RIV indication mechanism in Rel-15/16 NR can be reused to indicate CFR.
1.1.2 PDSCH/PDCCH configuration for CFR
It was agreed that one PDSCH-Config for MBS which is separate from the PDSCH-Config of the dedicated unicast BWP is supported. When some fields in PDSCH-Config for MBS are same as the fields in PDSCH-Config of the dedicated unicast BWP, the corresponding fields in PDSCH-Config of the dedicated unicast BWP can be used. Without configuring the redundancy configuration, the RRC signaling overhead can be reduced. Similarly, when some fields in PDCCH-Config for MBS are same as the fields in PDCCH-Config of the dedicated unicast BWP, the corresponding fields in PDCCH-Config of the dedicated unicast BWP can be used
Proposal 5: When some fields in PDSCH-Config for MBS are same as the fields in PDSCH-Config of the dedicated unicast BWP, the corresponding fields in PDSCH-Config of the dedicated unicast BWP can be the default configuration.
Proposal 6: When some fields in PDCCH-Config for MBS are same as the fields in PDCCH-Config of the dedicated unicast BWP, the corresponding fields in PDCCH-Config of the dedicated unicast BWP can be the default configuration. 
	[bookmark: OLE_LINK10]Agreement:
For LBRM and TBS determination for GC-PDSCH:
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS in CFR; if not provided, a default value is defined.
· FFS the default value.
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS in CFR; 
· FFS: if mcs-Table in PDSCH-Config for MBS is not configured in CFR, a value determined from mcs-Table in PDSCH-Config for unicast in the active DL BWP is used; if the mcs-Table in PDSCH-Config for unicast is not configured, Table 5.1.3.1-1 in TS38.214 is used (similar as the default value in R16). 
· xOverhead can be provided in PDSCH-Config for MBS in CFR; if not provided, a default value of zero is used.
· The number of PRBs is determined based on the size of CFR.


In the last meeting, it has been agreed how to determine the parameter for GC-PDSCH, including the maximum number of layers, the maximum modulation order, xOverhead and the number of PRBs for LBRM and TBS determination. One remaining issue is that how to determine the maximum modulation order when mcs-Table in PDSCH-Config for MBS is not configured in CFR. One of the way is to use the maximum modulation order of mcs-Table for the unicast PDSCH-Config that is the UE specific PDSCH parameter. However, the mcs-Table of different UEs in the MBS group may be different, causing configuration confusion for MBS. Thus, it is more reasonable to use Table 5.1.3.1-1 in TS 38.214 as the default table to determine the modulation order when mcs-Table in PDSCH-Config for MBS is not configured in CFR, which can align parameters configuration. 
Proposal 7: If mcs-Table in PDSCH-Config for MBS is not configured in CFR, Table 5.1.3.1-1 in TS38.214 can be used as default table.
1.1.3 Timer-based DL BWP switching
It have been discussed the issues related to timer-based DL BWP switching in the last meeting. The issue is that the reception of multicast will be effected when BWP-InactivityTimer expires and the default/initial BWP may not contain the CFR. The bwp-InactiveTimer is an optional configuration.  The gNB doesn’t have to configure an inactive timer for each BWP. In additional, the BWP switching can be controlled by bwp-InactiveTimer, DCI, RRC signaling, or by the MAC entity according to TS 38.321. When the gNB configures bwp-InactiveTimer for a BWP which contains CFR, the gNB should avoid the schedule GC-PDCCH and GC-PDSCH cross the time point of BWP switching. 
Proposal 8: The reception of multicast should not have impact on the Rel-16 timer-based DL BWP switching scheme.
Initial transmission and retransmission(s)
1 
2 
2.1 
2.2 
2.3 
1.1.4 Retransmission schemes
It was agreed that PTM scheme 1 and PTP can be used as retransmission schemes when PTM scheme 1 is used as initial transmission. When PTM scheme 1 and PTP are simultaneously used as retransmission schemes for different UEs in the same MBS group, a duplicated reception may happen.. PTM scheme 1 targets a group UEs, and all UEs in this group will receive the same TB. Apart from receiving the TB that re-transmitted by PTM scheme 1, some UE will also receive the same TB which re-transmitted by PTP when PTM scheme 1 and PTP are simultaneously used as retransmission schemes. It is noted that at this scenario the PTM scheme 1 and PTP as retransmission scheme share a HPID with un-toggled NDI. How to manage the HARQ-ACK feedback and the HARQ-ACK combination for the duplicated receptions needs to be further discussed. And the extra impact for the current specification should also be considered. This will bring extra specification work and is unnecessary. Therefore, simultaneous utilization of PTM scheme 1 and PTP retransmission for different UEs in the same MBS group is not supported.
Proposal 9: PTM scheme 1 retransmission and PTP retransmission cannot be used simultaneously for different UEs in the same MBS group.
1.1.5 HARQ process management
An issue was raised in RAN1#104-e meeting that for a given HARQ process number whether the UE is expected to receive a new TB before the end of the expected transmission of HARQ-ACK of the previous TB. In our opinion, before the completion of the HARQ process, e.g., the expected HARQ-ACK feedback is not reported, according to the legacy HARQ framework, this HARQ process number can’t be used for transmitting a new TB. For example, when a UE does not receive the TB#1 correctly with HPID#1, gNB will retransmit the TB#1by applied the PTM scheme 1 and PTP scheme. When PTM scheme 1 is applied as the retransmission scheme, with the same HPID#1, if a new TB i.e. TB#2 is transmitted by the PTM scheme 1, UE may combine these two TBs together, which will lead a mistake. When PTP is applied as the PTP scheme, although network can use the same HPID for TB#2 transmission due to the different RNTI scrambled in PTP and PTM scheme 1, a new UE’s behavior e.g. to decide to receive which TB will be needed. This will brings extra work on current specification.  Thus, before the end of the expected transmission of HARQ-ACK of the previous TB, a new TB is not allowed to receive. 
Proposal 10: For a given HARQ process number, a UE is not expected to receive a new TB with the same HARQ process number before the completion of the transmission of a previous TB.
	 [High] Question 3-1a: 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 RAN1#104bis meeting, it has been reached the conclusion that how to allocate HARQ processes between unicast and multicast is up to gNB. In the conclusion, it is not limited that some value of HPID can only be used for MBS, eg, HPID of 8-12 is only for MBS. 
Thus for option 1, the NDI conflict issue can’t be completely avoided. Before the MBS service happens, the gNB doesn’t know which UEs will be scheduled for the multicast reception and when the multicast service will be scheduled. The HPID will be fully utilized for the unicast service. Once the HPID of the TB received by different two UEs is the same before the MBS reception, the NDI conflict issue may happen. From this perspective, option 2 is a better choice to solve the NDI issue by potential specification enhancement.
Proposal 11: The NDI conflict issue needs to be solved though potential specification enhancement.
	[High] Question 3-1b: If the answer is Option 2 for question 3-1a, which option do you prefer for the specification enhancement?
· Option 1: When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.
· Option 2: Irrespective of earlier used RNTIs for the HPID, NDI bit ‘0’ means new data transmission, NDI bit ‘1’ means retransmission.


In the last meeting, there are two potential methods were proposed to solve the NDI conflict issue. Option 1 is based on the legacy NDI rules. It compares the received RNTI and the most recent earlier received RNTI of the same HPID are the same or not to indicate retransmission or new data. 
For Option 2, it is used NDI bit ‘0’ to indicate new data transmission and NDI bit ‘1’ to indicate retransmission. However, it can cause wrongly soft combining issue when two multi-cast uses same HPID ID.   
As is shown in Figure 2.2-1, HPID=2 is used for Multicast-TB1 and Multicast-TB2 at the same time, and the UE misses the detection the G-RNTI DCI of Multicast-TB2, then the retransmission is scheduled by gNB. In this case, UE will combine two different TBs of multicast in the same HARQ buffer and cause decoding failure. Thus Option 1 is more preferred for NDI scheme in multicast. 


Figure 2.2-1: The issue proposed by the NDI rule in option2
Proposal 12: For NDI scheme of multicast, Option 1(When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.) is preferred. 



[bookmark: _Ref79095810]Figure 2.2‑2: Multicast and Unicast transmission with same HPID and NDI
It has been agreed that the same HARQ process ID (HPID) and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB. However, for a given HPID and a given NDI, the miss detection of the PDCCH of PTM initial transmission may cause UE to incorrectly soft-combine the received TB with PTP retransmission for multicast and the received TB PTP (re)transmission for unicast in the HARQ buffer. For example, HPID=2 and NDI=0 are used as both unicast and multicast transmission and the PTP is applied as the retransmission after the PTM scheme 1 transmission in multicast transmission, as shown in Figure 2.2‑1.  When missing detects the group-common PDCCH, UE will soft combine the unicast service data and the PTP retransmission multicast service data. This will cause performance degradation. To solve this issue, two options can be considered: 
· Option 1: A DCI field
In this option, a DCI field can be introduced in the DCI of PTP transmission to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast. 
· Option 2: TB size 
In this option, UE can differentiate PTP (re)transmission for unicast and PTP retransmission for multicast based on different TB sizes. gNB will schedule the different TB sizes for  any two consecutive PTP transmissions (include PTP transmission and retransmission). Then, the different TB size can be applied to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast. 
Proposal 13: Down-selection from following options to solve the issue that the UE incorrectly soft-combine the received TB with PTP retransmission for multicast and the received TB with PTP (re)transmission for unicast when the HPID and NDI of multicast transmission and unicast transmission is same and the group-common PDCCH was missed.
· Option 1: introduce a field in DCI 1_1/1_2 of PTP transmission to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
· Option 2: use the different TB size of unicast and multicast to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
Supporting SPS group-common PDSCH for MBS
1.1.6 SPS activation/deactivation
	Agreement: (104bis-e)
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation


It was agreed in RAN1#104bis-e meeting that the group-common PDCCH can be used for activation/deactivation of SPS group-common PDSCH. The activation/deactivation mechanism can be further considered as follows:
· Activation: When group-common PDCCH is used to indicate the shared PUCCH resource (e.g. NACK-only based feedback), the group-common PDCCH can be used for activation of SPS for all the UEs in the same group. However, when the separate PUCCH resource is configured among a group UEs, it is not feasible to let the group-common PDCCH indicate the k1 and PRI value for each UE. In this case,   UE-specific PDCCH can be used to indicate PUCCH resource (e.g. ACK/NACK based feedback) per UE as well as activate SPS procedure(s). Thus, UE-specific PDCCH can also be supported to activate SPS.
· Deactivation: Group-common PDCCH is used for deactivation of SPS for all the UEs in the same group. No matter what PDCCH is used for activation, to release a SPS procedure for MBS service, one PDCCH containing the same deactivation message is enough for all the UEs in a group. The benefit of UE-specific PDCCH deactivating the SPS is not clear for us and we did not see any use case.  
Proposal 14: UE-specific PDCCH can be also used for SPS activation for MBS for RRC_CONNECTED UEs.
1.1.7 Retransmission of PDCCH activation of SPS group-common PDSCH 
	Agreement: (105-e)
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, 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 gNB configures a downlink assignment for SPS group-common PDSCH, UE can obtain the information of periodicity/PUCCH resource ID for HARQ-ACK feedback. After receiving group-common PDCCH activation of SPS group-common PDSCH, the UE can know where to receive group-common PDSCH without PDCCH and how to feedback HARQ-ACK. For the case that UE doesn’t receive the activation command (e.g. UE misses detecting the DCI or UE joins a new multicast group due to the mobility), gNB should retransmit the activation command to the UE. Considering gNB has already transmitted the activation command and SPS PDSCH is ongoing, the retransmitted activation command shall not conflict with first activation command. Three alternatives are discussed as following.
· Alt 1: retransmit the activation command via group-common PDCCH
In Alt 1, the group-common PDCCH is used to retransmit the activation command. To void the confliction and align with the first activation command, the scheduling information of the retransmitted activation command shall satisfy the following conditions: 
· SLIV is equal to SLIV of the first activation command;
· k1 is equal to k1 of first activation command;
· Slot number that PDSCH transmission is equal to slot number that UE determines which is based on the first activation command and periodicity configured by RRC.
Since the group-common PDCCH is agreed for activation of SPS group-common PDSCH, the group-common PDCCH can also be supported for retransmitting the activation command. However, a potential issue should be considered. When receiving the on-going SPS PDSCH, the UE which has successfully received the first activation command can also receive the retransmitted activation command via group-common PDCCH. Due to the simultaneous reception between the on-going SPS PDSCH and the retransmitted activation command, the UE need to feedback two HARQ-feedback processes when Type-2 HARQ-ACK codebook is configured. One HARQ-feedback process is for the on-going SPS PDSCH, another is for the SPS PDSCH of the retransmitted activation command. Thus, extra clarification is needed in the current specification. 

· Alt 2: retransmit the activation command via UE-specific PDCCH
In Alt 2, the UE-specific PDCCH to retransmit the activation command is applied. To align with the first activation command, the scheduling information of retransmitted activation command shall be satisfied following conditions: 
· Slot number that PDSCH transmission is equal to the value that UE determines based on the  first activation command and periodicity configured by RRC;
· SLIV is equal to SLIV of the first activation command.
There are two potential use cases for Alt 2. One use case is that the gNB transmits SPS activation command via group-common PDCCH to a group of UEs and only part of them fail to receive the SPS activation command, then the gNB only retransmits the SPS activation command via UE-specific PDCCH to these UE. Another use case is that UE wants to join the MBS reception while the SPS PDSCH transmission is on-going, then the gNB can retransmits the SPS activation command via UE-specific PDCCH to the UE. Compared with group-common PDCCH of SPS activation command, UE-specific PDCCH of SPS activation command is more flexible, and will not affect the UEs who have successfully received the SPS activation command. In additional, gNB can transmit the UE-specific PDCCH of SPS activation to a specific UE via narrow beam, which can improve the reliability of the retransmission.

· Alt 3: retransmit the activation command via MAC-CE
In Alt 3, MAC-CE is used to retransmit the activation command. In this alterative, a new MAC-CE should be defined and RAN2 will be involved. This will cause high specification complexity. Moreover, MAC-CE command will introduce at least 3ms delay because the MAC-CE command is not valid immediately after UE receives it. Thus, Alt 3 is not supported. 
Proposal 15: Both Alt 1 and Alt 2 can be supported for reliability of the group-common PDCCH retransmitted activation of SPS group-common PDSCH.
1.1.8 Retransmission schemes for SPS group-common PDSCH
	Agreement: (104bis-e)
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group


It was agreed in RAN1#104bis-e meeting that the retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP. When PTM scheme 1 and PTP are simultaneously used as retransmission for different UEs in the same MBS group, a duplicated reception may happen. As discussed in section 2.2.1, the UE can’t deal with the duplicated receptions. Therefore, simultaneous utilization of PTM scheme 1 and PTP retransmission for different UEs in the same MBS group shouldn’t be supported.
Proposal 16: PTM scheme 1 retransmission and PTP retransmission cannot be used simultaneously for different UEs in the same MBS group.
For the activation/deactivation of SPS group-common PDSCH for MBS, the UE can feedback ACK/NACK information according to the reception of SPS group-common PDSCH. When the gNB receives ACK/NACK, it can know the receive transmission of activation command successfully. If gNB receives NACK corresponding to SPS group-common PDSCH, it may schedule retransmission of SPS group-common PDSCH via group-common PDCCH.The UE(s) that feedback the NACK information can receive the retransmission of the TB and soft combine the received TB of retransmission with the initial transmission. 
Some UE (s) in the MBS group may miss detection the activation of SPS group-common PDSCH for MBS and corresponding SPS group-common PDSCH. The UE who miss the activation command may receive the retransmission of the SPS PDSCH. In order to improve the transmission efficiency of MBS, it is recommended to support the UE(s) that miss detection the activation of SPS group-common PDSCH for MBS can receive the retransmission of SPS group-common PDSCH as well. 
Proposal 17: The UE(s) missing detection the activation of SPS group-common PDSCH for MBS and corresponding SPS group-common PDSCH can receive retransmission of  the SPS group-common PDSCH scheduled by G-CS-RNTI scrambling DCI.
1.1.9 SPS configuration for MBS
	Agreement (106-e)
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
FFS: Multiple G-CS-RNTIs associated with one SPS-config


It was agreed that one G-CS-RNTI is associated with the SPS-config when a SPS-config for MBS is configured in CFR. The remaining issue is whether to support multiple G-CS-RNTIs associated with one SPS-config. It has been supported multiple SPS-config for CFR, the motivation to support multiple G-CS-RNTIs associated with one SPS-config is not clear. And it will also cause huge impact of specification. Thus it is not necessary to support multiple G-CS-RNTIs associated with one SPS-config. 
Proposal 18: It is not necessary to support multiple G-CS-RNTIs associated with one SPS-config.
PDCCH 
	Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.


The relation between CORESET for unicast and CORESET for multicast were discussed during last meeting. In our opinion, CORESET for unicast can be used for multicast if the CORESET is fully contained in the CFR, and the CORESET for MBS in the CFR can also be used for unicast transmission. This leads small impact on current CORESET utilization for both unicast and multicast. If a CORESET in CFR for MBS cannot be used by unicast, it implies that part of the dedicated unicast BWP cannot be used by unicast, which is too restricted for data reception.
Proposal 19: The CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission. 
1.1.10 Search space
	Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS


It was agreed in RAN1#105 meeting that a Type-x CSS is supported for CSS of group-common PDCCH of PTM scheme1 for multicast in RRC_CONNECTED state and the monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets. The remaining issue is that whether the Type-x CSS can be a Type-3 CSS. If the Type-x CSS is regarded as a Type-3 CSS, the monitoring priority of Type-3 CSS for DCI format of group-common PDCCH need to be redesigned. In our opinion, a Type-3A/Type-MBS CSS can be introduced for DCI format of group-common PDCCH to avoid redesigning the monitoring priority of legacy Type-3 CSS.
Proposal 20: A Type-3A/Type-MBS CSS can be introduced for the CSS of group-common PDCCH of PTM scheme1 for multicast in RRC_CONNECTED state.


[bookmark: _Ref78460927]Figure 2.4‑1: Type-3A/Type-MBS CSS of UE1 is dropped
For the UEs in the multicast group, the monitoring priority of Type-3A/ Type-MBS CSS is determined by the search space indexes of the Type-3A/Type-MBS CSS set. When the monitoring priority of Type-3A/Type-MBS CSS set for the UE is lower than other USS sets, the UE can’t allocate the PDCCH candidates for monitoring to Type-3A/ Type-MBS CSS due to the limitation of PDCCH monitoring capability. Thus, the UE in the multicast group can’t receive the group-common PDCCH of the Type-3A/Type-MBS CSS set, as the UE1 in Figure 2.4‑1. When the Type-3A/Type MBS CSS of any UE in the multicast groups is dropped, there are two alternatives:
· Alt.1: The g-NB is not allowed scheduling the group-common PDCCH of this Type-3A/Type MBS CSS
· Alt.2: The g-NB is allowed scheduling the group-common PDCCH of this Type-3A/Type MBS CSS 
For the Alt.1, gNB cannot schedule the group-common PDCCH within the slot where the Type-3A/Type MBS CSS of any UE in the multicast group is dropped, which will affect the flexibility of the network scheduling. Alt.2 allows the g-NB to schedule the group-common PDCCH within the slot where the Type-3A/Type MBS CSS of any UE in the multicast group is dropped, and re-transmits the dropped group-common PDCCH to the UE which the Type-3A/Type MBS CSS is dropped. However, when the UEs in the multicast group are configured with Type-2 HARQ-ACK codebook, the Alt.2 will cause the issue with Type-2 HARQ-ACK codebook determination of UEs which the group-common PDCCH is dropped. For example, as shown in the Figure 2.4‑2, UE1 cannot receive the group-common PDCCHs with DAI=2, 3, 4 due to the Type-3A/Type MBS CSS of the group-common PDCCH was dropped within the consecutive 3 slots, and misses the group-common PDCCH with DAI=1. Although the g-NB expects to receive an 8-bit HARQ-ACK codebook, the UE1 can only generate a 4-bit HARQ-ACK codebook based on the received DAI, resulting in the HARQ-ACK codebook cannot be successfully decoded by g-NB. In order to avoid the issue about Type-2 HARQ-ACK codebook determination caused by Alt.2, we suggest the g-NB is not allowed scheduling the group-common PDCCH when the Type-3A/Type MBS CSS of the group-common PDCCH was dropped by any UE in the multicast group.



[bookmark: _Ref78985949]Figure 2.4‑2: The worst case for Type-2 HARQ-ACK codebook determination in Alt.2

Proposal 21: If the Type-2 HARQ-ACK codebook is configured, the g-NB is not allowed scheduling the group-common PDCCH when the Type-3A/Type MBS CSS of the group-common PDCCH was dropped by any UE in the multicast group.
1.1.11 Blind decoding budget
	Agreement: （104-e）
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.


It was agreed in RAN1#104-e meeting that the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS. It is based on per UE’s capability whether the budget of BDs/CCEs of an unused CC can be used for the current occupied CC. When a UE supports multi-carrier and CA, this kind of BDs/CCEs budget sharing can be supported for MBS.
Proposal 22: The budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.
1.1.12 DCI design
· DCI format 1_0
	Agreement:
For multicast of RRC-CONNECTED UEs, align the size of the first DCI format for GC-PDCCH with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS.

Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.

Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.



In our understanding, most of the fields in DCI format 1_0 can be reused and the fields (i.e.  ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’) are not needed for the first DCI. When scrambled by G-RNTI/G-CS-RNTI, DCI format 1_0 is used for DL group-common PDCCH scheduling. Thus,  the ‘Identifier for DCI formats’ field is not needed for the first DCI. Since different UEs may need different PUCCH transmission power, which implies that the same close loop TPC command in group PDCCH can’t be indicated, the ‘TPC command for scheduled PUCCH’ is not needed as well. 
Moreover, in our opinion, the order of the fields in first DCI should keep same as the existing fields in DCI format 1_0, and it is no need to add new DCI fields. In this way, the UE can decode the bits fields based the existing order of bits in DCI format 1_0. The DCI analyzer for unicast transmission can be reused. And the fields that may not be needed can be reserved and applied for other indications. 
Proposal 23: The fields of the first DCI format with CRC scrambled with G-RNTI/G-CS-RNTI which may not be needed can be reserved and applied for other indications.
For the Option 2, the FDRA field in first DCI is determined based on CORESET0/initial bandwidth part. Similar with unicast services, if the bandwidth of CFR (i.e. ) is larger than that of CORESET0/initial bandwidth part, K can be the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 

For the Option 3, the FDRA field in first DCI is determined based on  which is given by the size of CFR in the active DL BWP. It was agreed that the size of first DCI is aligned with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS. According to our understanding, there are two methods to design the FDRA field.


Figure 2.4-3: Two understanding of Option 3

For the option 3-1, the FDRA is based on CFR, which may not have the same size with the FDRA in DCI 1_0. Then the order of other bits in the first DCI will change comparing with the DCI format 1_0. Thus the DCI analyser of first DCI should be redesigned. 
For the option 3-2, the FDRA may have multiple parts, where one part is aligned with FDRA in DCI 1_0 and other parts can be from reserved bits. Then the bit fields of first DCI can keep the same order as the bit fields of DCI format 1_0. The combination of multiple parts for FDRA based on CFR is needed, which is easier to implement. 
Comparing three schemes, option 2 only needs the value of K, while option 3-1 needs to redesigned the DCI analyser and option 3-2 needs the combination of multiple parts for FDRA. Thus option 2 has less impact on specification. 
Proposal 24: For FDRA determination of the first DCI format for GC-PDCCH, Option 2 is preferred.
· DCI format 1_1
Similarly with the first DCI, most of fields in second DCI can reuse the existing fields in DCI format 1_1 with CRC scrambled by C-RNTI. In our view, at least ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’,  ‘Bandwidth part indicator’ and ‘Transport block 2’ are not needed. The reasons for removing ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ are same as first DCI. Since CA is not supported in MBS, the field of ‘Carrier indicator’ is not needed. If this field is reserved, different numbers of bits for carrier indicator for different UEs in a MBS group are difficult to align. Thus, it is better that the field of ‘Carrier indicator’ is removed from the second DCI. Considering the field of ‘Bandwidth part indicator’ is used for BWP switching, it is unreasonable to use group-common PDCCH to indicate BWP switching, which may cause the UEs in the group to switch to different unicast BWPs. Thus, the field of ‘Bandwidth part indicator’ is not needed in the second DCI. The field of ‘Transport block 2’ implies 2 codewords, which are not supported for multicast.  Thus, the field of ‘Transport block 2’ is needed in the second DCI.
Proposal 25：For the second DCI format,  at least ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’,  ‘Bandwidth part indicator’ and ‘Transport block 2’ are not needed.
1.1.13 DCI size budget
	Agreement:
Confirm the working assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.


In R15/R16, for a given cell, the number of different DCI sizes that configured to be monitored is up to 4, in where the number of different DCI sizes with C-RNTI is up to 3. The up to ‘3’ DCI size may include fall back DCI format, non-fall back DCI format and DCI format 2_2/2_3. The format 2_2/2_3 is TPC command for PUCCH/PUSCH and SRS and the size shall be aligned to CSS DCI 1_0 by padding zeros. The “1” DCI size includes DCI formats for the other purposes scheduling, and it includes DCI format 2_0/2_1/2_4/2_5/2_6. After step 4C of DCI size alignment in R15/R16, the possible of “3+1” DCI size budget may be shown as Table 2.4‑1
[bookmark: _Ref78796329]Table 2.4‑1: The possible of the “3+1” DCI size budget after step 4C.
	Number 
	DCI  size
	Including DCI format
	Note

	DCI size 1 counted as “C-RNTI”  
	DCI 1_0 size on CSS
	DCI 0_0/1_0  on CSS
DCI 0_0/1_0  on USS
DCI 2_2/2_3
	Determining size of FDRA by CORESET#0/initial BWP;
Appending zeros to DCI 2_2/2_3 if needed.

	DCI size 2 counted as “C-RNTI”
	Maximum size of DCI 1_2 and 0_2
	DCI 0_2/1_2 on USS
	The small DCI size padding zero.

	DCI size 3 counted as “C-RNTI”
	Maximum size of DCI 1_1 and 0_1
	DCI 0_1/1_1 on USS
	The small DCI size padding zero.

	DCI size 1 counted as “other RNTI”
	No more than 128 bits by RRC configuration
	DCI 2_0/2_1/2_3
DCI 2_4/2_5/2_6.
	



It has been agreed that two DCI formats (i.e. first DCI format and second DCI format) are supported for scheduling group-common PDSCH. First DCI format is based on DCI format 1_0, and second DCI format is based on DCI format 1_1. When UE performed DCI size alignment procedure, several potential options for the group-common PDCCH in where two DCI formats can be counted as “C-RNTI” or “other RNTI” are shown in Table 2.4‑2.
[bookmark: _Ref78796349]Table 2.4‑2: The potential options for “3+1” DCI size budget
	
	First DCI format 
	Second DCI format 
	Note& suggestion

	Option 1 
	counted as “other RNTI
	counted as  “other RNTI
	Not preferred 

	Option 2 
	counted as “C-RNTI”
	counted as “C-RNTI”  
	Not preferred

	Option 3
	counted as “C-RNTI”
	counted as  “other RNTI
	Not Preferred

	Option 4
	counted as “C-RNTI”
	Configured by RRC
	Preferred



· Option 1: both first DCI format and second DCI format are counted as “other RNTI”
As discussed above, the number of different DCI size that configured is up to ‘4’, in where the number of different DCI size that configured with ‘C-RNTI’ is up to ‘3’. In this option, since G-RNTIs in both first and second DCI formats are counted as ‘other RNTI’, ‘2’ different DCI size will be configured with ‘other RNTI’. And the DCI formats for unicast can only have ‘2’ different DCI size budget. This will cause the DCI format 1_1/0_1 and the DCI format 1_2/0_2 cannot be configured simultaneously, which brings low flexibility. Thus, Option 1 is not preferred.

· Option 2: both first DCI format and second DCI format are counted as “C-RNTI”
In this option, during the DCI size alignment, the size of first DCI will be equal to that of DCI format 1_0 on CSS due to field of the first DCI format is based on DCI format 1_0. And the first DCI can reuse the current mechanism to determine the bitlength of FDRA, which is based on CORESET0/initial bandwidth part. Moreover, if the bandwidth of CFR (i.e. ) is larger than  that of CORESET0/initial bandwidth part,  K can be the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, Thus, the G-RNTI I in the first DCI format can be counted as ‘C-RNTI’. 

As discussed above, the second DCI format is based on DCI format 1_1, and the FDRA size is determined by PRBs number of CFR. The benefit is that all possible of PRBs combinations can be scheduled. Since the second DCI targets a group UEs, so it is difficult to align the second DCI to each UE’s DCI format 1_1. Thus, it is more feasible that the size of the DCI format 1_1 should be aligned to the second DCI format for MBS. However, this will bring some limitations during the DCI size alignment due to the size of DCI format 1_1 is normally larger than the second DCI. 

· Option 3: First DCI format is counted as “C-RNTI”, second DCI is counted as “other-RNTI”
In this option, the G-RNTI in the first DCI format is counted as ‘C-RNTI’ as discussed in Option 2. For the second DCI format, the G-RNTI in the first DCI format is counted as ‘other-RNTI’.  Same reason as discussed in Option 2, the DCI size of “the other purposes scheduling such as 2_0/2_1/2_4/2_5/2_6” should be aligned to second DCI format size. It is noted that DCI size of other purposes scheduling may be up to 126 or 128 bits, so it is not easy to align the second DCI and DCI formats with the other purposes scheduling. 

· Option 4: First DCI format is counted as “C-RNTI”, second DCI is counted as “other-RNTI” or “ C-RNTI” according to RRC configuration 
As discussed in Option 2/3, the G-RNTI in the first DCI format is counted as ‘C-RNTI’. The size of second DCI format is fixed during the DCI size alignment procedure. Thus, whether the second DCI format with G-RNTI is counted as “C-RNTI” or “other RNTI” can be based on the sizes of the second DCI and the DCI with “X-RNTI” (“C-RNTI” or “other RNTI”). The G-RNTI can be counted as the RNTI with the larger DCI size among the DCI size is smaller than the second DCI. In other words, when both sizes of the DCI with “C-RNTI” and “other RNTI” are smaller than that of the second DCI, the G-RNTI can be counted as the RNTI with smaller DCI size difference. The DCI size difference is the size between second DCI and DCI with “C-RNTI”/ “other RNTI”. In order to guarantee a simpler DCI size alignment procedure, UE expect that at least one of the sizes of DCI with “C-RNTI” and “other RNTI” is smaller than the size of the second DCI. 

For example, after RRC configuration, the size of DCI format 1_1 with C-RNTI and the size of DCI with ‘other RNTI’ are 20 bits and 50 bits, respectively. And the size of second DCI format is 30 bits. Then, G-RNTI in the second DCI will be counted as ‘C-RNTI’; If the size of DCI format 1_1 with C-RNTI and the size of DCI with ‘other RNTI’ are 20 bits and 28 bits, respectively, G-RNTI in the second DCI will be counted as “other RNTI”.
Proposal 26: For first DCI format, G-RNTI is counted as “C-RNTI”; DCI size is aligned to DCI 1_0 on CSS
Proposal 27: UE expect that at least one of the sizes of DCI with “C-RNTI” and “other RNTI” is smaller than the size of the second DCI.
Proposal 28: For second DCI format, G-RNTI can be counted as “C-RNTI” or “other RNTI” depending on RRC configuration.
Simultaneous reception of unicast and multicast
	Agreement:
For Rel-17 MBS UE, the UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b.
· Note:   Group-common PDSCH(s) are counted as unicast PDSCH(s).



It was agreed that the UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b.  This maximum number is based on UE capability. gNB has all the information of UEs’ capability and each scheduled PDSCH for unicast and multicast. gNB should take every UE’s capability into account when scheduling PDSCHs in one slot. When the scheduled PDSCH for MBS is group-common received by all the UEs in the same group, some UEs may not be able to receive it successfully because the number of simultaneous received PDSCH in the slot is beyond their capability. When this case happens, some solutions have to be considered and studied, such as dropping rule by the UEs, or retransmission scheme can be used. For example, when UE capability is limited, the scheduled PDSCH who has higher priority will be receieved. 
Proposal 29: When the simultaneous reception of unicast and multicast is beyond a UE’s capability, the dropping rule should be considered. 
	Agreement:(RAN1#104b-e)
At least support the following cases for PDSCH reception for MBS in a slot based on UE capability for RRC_CONNECTED UEs
· Case 1: support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
· FFS: the value(s) of M 
· Case 2: support TDM among N (N>1) group-common PDSCHs in a slot per CC
· FFS: the value(s) of N
· Case 3: support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
· FFS: the value(s) of K and L



The TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot has been supported in RAN1#104bis-e meeting. The reception of PDSCHs contains SPS PDSCH reception, where the rule for TDMed SPS PDSCHs reception in a slot has been specified in TS 38.214-5.1 for Rel-16 NR. 
In the rule, Q is the set of SPS PDSCH(s) within the slot. The PDSCH with lowest configured sps-ConfigIndex will be received and be designated as survivor PDSCH, and then the PDSCH(s) overlapping (even partially) with the survivor PDSCH will be excluded from Q. The UE will repeat the above steps until Q is empty or the number of survivor PDSCH is equal to the number of PDSCH in a slot supported by UE.



Figure 2.5-1: Multicast and Unicast service in TDM mode for UEs in same group

When the total number of TDMed SPS PDSCHs of unicast and TDMed SPS PDSCHs of multicast exceed the limit of the UE capability, the method of UE receiving the SPS PDSCH(s) needs to be further studied. If the legacy rules in Rel-16 is reused for the MBS service, it may cause UE in the same group have different understanding of survivor multicast SPS PDSCH. 
As is shown in Figure 2.5-1, if the sps-ConfigIndex of unicast is different for UE 1 and UE 2, UE 1 and  UE 2 are in the same MBS group, and the sps-ConfigIndex of multicast equals to 2. For UE1, the sps-ConfigIndex of unicast equals to 1. For UE2, the sps-ConfigIndex of unicast equals to 3. The maximum number of PDSCH in a slot supported by UE 1 and UE 2 is 1. Then UE 1 will drop SPS group-common PDSCH of multicast, and UE 2 will drop SPS PDSCH of unicast. In this case, the reception of MBS service will be affected. 
A simple solution is giving higher priority to the SPS group-common PDSCH of multicast when the UE simultaneous receives TDMed SPS PDSCH of unicast and multicast in a slot, eg, adding offset to SPS PDSCH of unicast. This solution can ensure all the UE in the same group will receive multicast SPD PDSCH firstly. 
Proposal 30: When the UE simultaneous receives TDMed SPS PDSCH of unicast and multicast in a slot, it is suggested to receive the SPS group-common PDSCH of multicast in high priority, eg, adding offset to SPS PDSCH of unicast. 
	Agreements: (RAN1#102-e)
· [bookmark: _Hlk84022922]For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.



In RAN1#102-e, it has been agreed to support FDM between unicast PDSCH and group-common PDSCH. In Rel 16, it specifies the schemes of receiving SPS PDSCH for TDM mode. However, the schemes of receiving SPS PDSCH for FDM mode is not clearly yet. 

When the simultaneous reception of FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH of multicast in a slot is beyond a UE’s capability, a specified receieving rule is required. One possible method could be described as following steps:   
· [bookmark: _Hlk84021500]Step 0-A: The legacy TDMed SPS PDSCHs reception rule in Rel-16 is applied to SPS PDSCHs of multicast to determine a set of SPS PDSCHs of multicast denoted as 
· Step 0-B: The legacy TDMed SPS PDSCHs reception rule in Rel-16 is applied to SPS PDSCHs of unicast to determine a set of SPS PDSCHs of unicast denoted as 
· Step 1: The UE receives one SPS PDSCH with the lowest configured sps-ConfigIndex from the set  of SPS PDSCHs and designate the received PDSCH as survivor PDSCH.
· Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping in frequency domain with the survivor in step 1 are excluded from the set .
· Step 3:  Repeat step 1 and 2 until the set  of SPS PDSCH(s) is empty or the number of PDSCHs in a slot is equal to the value of UE’s capability.
Proposal 31: When FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH in a slot, the rules for SPS PDSCH reception in Rel-16 can be used as a baseline of FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH reception.


Figure 2.5-2: Multicast and Unicast service in FDM mode 

As is shown in Figure 2.5-2, there are two cases when receiving unicast SPS PDSCH can happen. In case 1, assuming the maximum number of PDSCH in a slot is 1, Muticast SPS ID is 3 and the smallest unicast SPS ID is 1, the muticast will not be receieved. In case 2, multicast and unicast have overlapping in frequency, the multicast SPS PDSCH will also not be receieved due to higher SPS ID. When the multicast is not receieved, UE in the same group will not have common understanding of multicast reception, just similar to the issue in TDM mode. Thus adding offset of unicast is also needed when unicast and mulicast can be supported in FDM mode.
Proposal 32: When FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH in a slot, it is suggested to receive the SPS group-common PDSCH of multicast in high priority, eg, adding offset to SPS PDSCH of unicast. 
3 Conclusion
In this contribution, to support group scheduling mechanism for RRC_CONNECTED UEs, we have the following observations and proposals:
Proposal 1: At most one CFR can be associated with an active unicast BWP.
Proposal 2: The CFR configuration (i.e., cfr-Config-Multicast) is configured separately with BWP configuration, and the CFR configuration can be associated with the dedicated unicast BWP via a CFR index.
Proposal 3: The UE is not expected to receive multicast in the active BWP when the new IE CFR-Config-Multicast is not configured for the active BWP.
Proposal 4: RIV indication mechanism in Rel-15/16 NR can be reused to indicate CFR.
Proposal 5: When some fields in PDSCH-Config for MBS are same as the fields in PDSCH-Config of the dedicated unicast BWP, the corresponding fields in PDSCH-Config of the dedicated unicast BWP can be the default configuration.
Proposal 6: When some fields in PDCCH-Config for MBS are same as the fields in PDCCH-Config of the dedicated unicast BWP, the corresponding fields in PDCCH-Config of the dedicated unicast BWP can be the default configuration. 
Proposal 7: If mcs-Table in PDSCH-Config for MBS is not configured in CFR, Table 5.1.3.1-1 in TS38.214 can be used as default table.
Proposal 8: The reception of multicast should not have impact on the Rel-16 timer-based DL BWP switching scheme.
Proposal 9: PTM scheme 1 retransmission and PTP retransmission cannot be used simultaneously for different UEs in the same MBS group.
Proposal 10: For a given HARQ process number, a UE is not expected to receive a new TB with the same HARQ process number before the completion of the transmission of a previous TB.
Proposal 11: The NDI conflict issue needs to be solved though potential specification enhancement.
Proposal 12: For NDI scheme of multicast, Option 1(When a G-RNTI DCI is received with a given HPID in the DCI, the data shall be considered new, i.e. be treated as if the NDI bit had been toggled, irrespective of actual NDI toggling, if the G-RNTI is different from the most recent earlier received RNTI (i.e. C-RNTI or another G-RNTI) of the same HPID. When the received G-RNTI is the same as the most recent use of the HPID, legacy NDI toggling is used to indicate new data or retransmission.) is preferred. 
Proposal 13: Down-selection from following options to solve the issue that the UE incorrectly soft-combine the received TB with PTP retransmission for multicast and the received TB with PTP (re)transmission for unicast when the HPID and NDI of multicast transmission and unicast transmission is same and the group-common PDCCH was missed.
· Option 1: introduce a field in DCI 1_1/1_2 of PTP transmission to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
· Option 2: use the different TB size of unicast and multicast to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
Proposal 14: UE-specific PDCCH can be also used for SPS activation for MBS for RRC_CONNECTED UEs.
Proposal 15: Both Alt 1 and Alt 2 can be supported for reliability of the group-common PDCCH retransmitted activation of SPS group-common PDSCH.
Proposal 16: PTM scheme 1 retransmission and PTP retransmission cannot be used simultaneously for different UEs in the same MBS group.
Proposal 17: The UE(s) missing detection the activation of SPS group-common PDSCH for MBS and corresponding SPS group-common PDSCH can receive retransmission of  the SPS group-common PDSCH scheduled by G-CS-RNTI scrambling DCI.
Proposal 18: It is not necessary to support multiple G-CS-RNTIs associated with one SPS-config.
Proposal 19: The CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
Proposal 20: A Type-3A/Type-MBS CSS can be introduced for the CSS of group-common PDCCH of PTM scheme1 for multicast in RRC_CONNECTED state.
Proposal 21: If the Type-2 HARQ-ACK codebook is configured, the g-NB is not allowed scheduling the group-common PDCCH when the Type-3A/Type MBS CSS of the group-common PDCCH was dropped by any UE in the multicast group.
Proposal 22: The budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.
Proposal 23: The fields of the first DCI format with CRC scrambled with G-RNTI/G-CS-RNTI which may not be needed can be reserved and applied for other indications.
Proposal 24: For FDRA determination of the first DCI format for GC-PDCCH, Option 2 is preferred.
Proposal 25：For the second DCI format,  at least ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’,  ‘Bandwidth part indicator’ and ‘Transport block 2’ are not needed.
Proposal 26: For first DCI format, G-RNTI is counted as “C-RNTI”; DCI size is aligned to DCI 1_0 on CSS
Proposal 27: UE expect that at least one of the sizes of DCI with “C-RNTI” and “other RNTI” is smaller than the size of the second DCI.
Proposal 28: For second DCI format, G-RNTI can be counted as “C-RNTI” or “other RNTI” depending on RRC configuration.
Proposal 29: When the simultaneous reception of unicast and multicast is beyond a UE’s capability, the dropping rule should be considered. 
Proposal 30: When the UE simultaneous receives TDMed SPS PDSCH of unicast and multicast in a slot, it is suggested to receive the SPS group-common PDSCH of multicast in high priority, eg, adding offset to SPS PDSCH of unicast. 
Proposal 31: When FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH in a slot, the rules for SPS PDSCH reception in Rel-16 can be used as a baseline of FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH reception.
Proposal 32: When FDMed SPS PDSCH of unicast and FDMed SPS group-common PDSCH in a slot, it is suggested to receive the SPS group-common PDSCH of multicast in high priority, eg, adding offset to SPS PDSCH of unicast. 
4 References
[1] 3GPP TSG RAN WG1 Meeting RAN1 #106-e chairman notes, Aug 16th – 27th, 2021.
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