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Introduction
In RAN1#107bis-e meeting, the following agreements were achieved and other endorsed TP can be found in [1] on group scheduling mechanism for RRC_CONNECTED UEs in NR MBS:
	Agreement
DCI format 4_2 doesn’t include the following fields:
· Scell dormancy indication
· BWP indicator
DCI format 4_2 includes the following field (configurable):
· MCS/NDI/RV for TB2
· Support of this field is subject to UE capability

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

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

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

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

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

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

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

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

[bookmark: _Hlk94056188]Agreement (that resolves the [] on the lower range of the values from Jan 24th agreement)
Regarding the size of DCI format 4_2 for multicast of RRC_CONNECTED UE, 
· the value range of the size is {20..140}


In this contribution, we continue discussing the remaining issues of group scheduling mechanism of Broadcast/Multicast service for RRC_CONNECTED UEs. 
Discussion
1.1 Common frequency resources
Broadcast reception for UEs in RRC_CONNECTED state
It was agreed that the same GC-PDCCH and the corresponding scheduled GC-PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs. As long as the activated unicast dedicated BWP contains the CFR used for broadcast reception, UEs in RRC_CONNECTED state can receive broadcast MBS. However, another limitation was agreed that up to one CFR can be supported and configured within a unicast dedicated BWP. If a CFR used for multicast MBS reception is already configured within an activated dedicated BWP, it is not allowed to configure/contain another different CFR within this BWP. When CFR for broadcast reception is not configured within a dedicated activated BWP, a UE in RRC_CONNECTED state cannot receive broadcast MBS in this BWP.
Proposal 1: When CFR for broadcast MBS is not configured/defined within a dedicated BWP, UE in RRC_CONNECTED state cannot receive broadcast MBS in this activated BWP.

1.2 Transmission/retransmission schemes and HARQ processes
PTM transmission scheme 2
It is agreed that retransmission schemes support PTM scheme 1 and PTP (ACK/NACK FB) when initial transmission is PTM scheme 1 for multicast. PTM scheme 2 is still left for further study as retransmission mechanism. However, the benefit of using PTM scheme 2 for re-transmission seems marginal. Only the reliability of PDCCHs can be improved with UE-specific transmissions, while the reliability of group-common PDSCH is left unchanged. Furthermore, even if gNB cannot transmit group-common PDCCH through PTM scheme 1 in shared PDCCH resource, it can simply configure orthogonal search space sets for PDCCHs scrambled by a G-RNTI for each UE, and then schedule the group-common PDSCH on shared resource. It means that the functionality of PTM scheme 2 can be achieved by PTM scheme 1 through proper gNB configuration.
Proposal 2: PTM scheme 2 is NOT supported as a (re)transmission scheme for NR MBS.

Retransmission schemes
[bookmark: _Hlk86855788]It is agreed that retransmission schemes support PTM scheme 1 and PTP (ACK/NACK FB) when initial transmission is PTM scheme 1 for multicast. Another open issue for further study is whether multiple retransmission schemes can be used simultaneously for different UEs in the same group. There are two kinds of “simultaneous” utilization of retransmission schemes analyzed as follows:
· Multiple retransmission schemes for the same PDSCH
When a group-common PDSCH is transmitted, the group of UEs report ACK/NACK feedbacks to gNB. gNB applies PTM scheme 1 for the retransmission of this PDSCH, and at the same time gNB uses PTP for retransmissions for some of UEs reporting NACK. Some UEs may receive both group-common PDCCH and UE-specific PDCCH which are scheduling the same TB’s retransmission. The benefit of this kind of simultaneous multiple retransmission schemes is still not clear, and it may lead to redundant PDSCH retransmission. How to deal with both GC-PDCCH and UE-specific PDCCH by a UE for the same TB is another issue needs to be considered.
· Multiple retransmission schemes for different PDSCHs
In this case, each PDSCH applies single retransmission scheme, but two consecutive PDSCHs’ retransmission schemes may be different. In SPS or dynamic scheduling transmissions, retransmission scheme for each TB is independent by using either PTM scheme 1 or PTP. It is up to gNB to determine which one to be used according to different scenarios, e.g. the number of UEs reporting NACK, available HPID, etc.
Proposal 3: When PTM scheme 1 is used as initial transmission, PTM scheme 1 and PTP are not supported to be used simultaneously for the same TB for different UEs in the same multicast group.

HPID/NDI allocation between multicast and unicast
It was agreed as a conclusion that the maximum number of HARQ processes per cell for unicast is kept unchanged for UE supporting multicast reception, and it is up to gNB on how to allocate HARQ processes between unicast and multicast. It was also agreed that the same HPID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB. According to the agreements/conclusion made in the past RAN1 meetings, an issue may happen which is illustrated as an example in Figure 1. Between two multicast transmissions with the same HARQ process ID (e.g. HPID#1), a unicast transmission with the same HPID#1 is scheduled to UE3. In order to differentiate the two processes with the same HPID, NDI contained in the PDCCH of PTP is toggled from NDI=1 to NDI=0. The rest of the UEs (e.g. UE1 and UE2) in the same group may not have any unicast transmission. When the second multicast transmission with PTM scheme 1 is scheduled, a common NDI (e.g. NDI=0) is used and toggled to differentiate it with that in the previous PTM scheme 1. From UE3’s perspective based on current NR DL scheduling mechanism, NDI is not toggled, and the second PTM scheme 1 transmission will be considered as a retransmission of the previous unicast transmission, even the unicast is feedback with ACK. It is NOT expected that multicast and unicast are crossed scheduled using the same HPID. It is up to gNB on how to allocate HARQ processes between unicast and multicast to avoid such a kind of issue.
Proposal 4: It is up to gNB to avoid NDI collision between multicast and unicast crossed scheduling with the same HPID.


Figure 1. HPID/NDI allocation issue-1
Another similar issue was raised during last meeting that PTP retransmission for multicast may be confused with PTP (re)transmission for unicast when the initial transmission of PTM scheme 1 is missed by a UE. Figure 2 illustrates the discussion and potential issue based on discussion during last meeting. An agreement is made to further study on whether/how to differentiate the PTP (re)transmissions. First, according to analysis and proposal above, such kind of crossed scheduling is up to gNB to avoid NDI collision between unicast and multicast. Second, while the previous unicast is successfully received by UE1 and ACK is reported, the following PTP retransmission for multicast with the same HPID and NDI can be considered as a redundant scheduling by UE1. How to deal with the redundant PTP transmissions, e.g. combination or dropping, is up to UE implementation. Therefore, it is also up to gNB for flexible and reliable scheduling, and there is no necessary to introduce any mechanism to differentiate the HPID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
Proposal 5: There is no necessary to introduce any mechanism to differentiate the HPID used for PTP (re)transmission for unicast and PTP retransmission for multicast.


Figure 1. 
Figure 2. HPID/NDI allocation issue-2

1.3 SPS for MBS
Retransmission schemes for SPS
It was agreed that GC-PDSCH for a given SPS can be retransmitted by either PTM scheme 1 or PTP, and whether both retransmission schemes can be simultaneously used for different UEs in the same group is still for further studied. It is similar with the analysis in section 2.2.2. The benefit of simultaneous retransmission by using both schemes are not clear, and it may consume extra retransmission resources. Therefore, it is not supported simultaneously of PTM 1 and PTP for a given SPS GC-PDSCH.
Proposal 6: PTM scheme 1 and PTP are not supported to be used as retransmission scheme simultaneously for a given SPS group-common PDSCH.

1.4 PDCCH configuration for MBS
BD/CCE limitation
For transmission of group common PDCCH at least one CORESET needs to be configured in CFR, it is up to gNB to configure more than on CORESET, the number of monitored PDCCH candidates and non-overlapped CCEs may increase for the detection of the group common PDCCH. But as agreed in RAN1#104-e meeting the maximum number of non-overlapped CCEs within one serving cell defined in R-15 is kept. To mitigate the impact on PDCCH monitoring for unicast and MBS reception, the budget of BDs/CCEs of an unused CC should be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.
Proposal 7: 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.

Search space set for multicast
One legacy issue which has been discussed for several meetings is whether DCI format 1_0 used for scheduling PTP reTx of multicast or (re)Tx of unicast can be configured in the same CSS configuration with multicast DCI formats 4_1/4_2. The current design of common search space set supports to include DCI format 0_0/1_0. It was also agreed that DCI format 2_x is not configured in the same CSS configuration with multicast DCI formats 4_1/4_2. However, DCI format 1_0 can be used to schedule PTP reTx of multicast, and such CSS is configured for DCI formats of MBS but not system information. Configuring DCI format 1_0 and format 4_1/4_2 in the same CSS may have monitoring flexibility, which also requires no changes on the DCI monitoring mechanism in current specification. Regarding to the BD, BD is designed to count DCI per span or per slot rather than per search space, so the BD is not increased compared with current mechanism. Furthermore, it was also agreed that the search space indexes are used as the monitoring priority of Type-3 CSS which has been configured with DCI format 4_1/4_2. Therefore, DCI format 1_0 can be configured in the same CSS configuration with multicast DCI formats.
Proposal 8: DCI format 1_0 scheduling PTP reTx of multicast or (re)Tx of unicast can be configured in the same CSS configuration with multicast DCI formats 4_1/4_2.

Conclusion
In this contribution, the remaining issues of group scheduling mechanism are discussed for RRC_CONNECTED UEs, and the proposals are as follows:
Proposal 1: When CFR for broadcast MBS is not configured/defined within a dedicated BWP, UE in RRC_CONNECTED state cannot receive broadcast MBS in this activated BWP.
Proposal 2: PTM scheme 2 is NOT supported as a (re)transmission scheme for NR MBS.
Proposal 3: When PTM scheme 1 is used as initial transmission, PTM scheme 1 and PTP are not supported to be used simultaneously for the same TB for different UEs in the same multicast group.
Proposal 4: It is up to gNB to avoid NDI collision between multicast and unicast crossed scheduling with the same HPID.
Proposal 5: There is no necessary to introduce any mechanism to differentiate the HPID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
Proposal 6: PTM scheme 1 and PTP are not supported to be used as retransmission scheme simultaneously for a given SPS group-common PDSCH.
Proposal 7: 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 8: DCI format 1_0 scheduling PTP reTx of multicast or (re)Tx of unicast can be configured in the same CSS configuration with multicast DCI formats 4_1/4_2.
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