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Introduction
In RAN1#107-e meeting, the following agreements and working assumption were achieved [1] on group scheduling mechanism for RRC_CONNECTED UEs in NR MBS:
	Agreement:
For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per serving cell.

Agreement:
For initializing sequence generator for DMRS of GC-PDSCH,  are defined using the same procedure as for unicast PDSCH.
·  given by
-	if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE in the PDSCH-Config-Multicast IE is provided


	where λ is the CDM group defined in clause 7.4.1.1.2 in TS38.211.
-	otherwise by 


· The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if multicast DCI format 1_1 is used, otherwise .

Agreement:
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.
Agreement:
For the LBRM/TBS determination for PTP retransmission of multicast, Option 2 is supported.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
· FFS: spec impact, if any

Conclusion:
For the RRC parameters that can be configured in PDSCH-Config / PDCCH-Config / SPS-Config in Rel-15/16, they can also be configured in PDSCH-Config-Multicast / PDCCH-Config-Multicast / SPS-Config-Multicast.
· If some of these RRC parameters need changes for multicast reception (e.g., modify the default values, delete some useless parameters), RAN1 will list them explicitly in the RRC parameter list that will be sent to RAN2.
· For other RRC parameters that do not need changes for multicast reception, RAN1 will not list them with postfix ‘-Multicast’ one by one in the RRC parameter list that will be sent to RAN2, and the default values of these parameters are the same as the default values of the corresponding parameters in dedicated unicast BWP.

Agreement:
PRB bundle and VRB bundle for multicast GC-PDSCH in CFR are defined using the same procedure as for unicast PDSCH scheduled with unicast DCI formats 1_1 in DL BWP as defined in clause 7.3.1.6 in TS38.211. For interleaved mapping of downlink resource allocation type 1,
· the parameter Nbundle  is interpreted as the number of bundles within the CFR,
· the size of the CFR is used instead of the size of the BWP,
· the starting PRB of the CFR is used instead of the starting PRB of the BWP
· the higher-layer parameter vrb-ToPRB-Interleaver in PDSCH-Config-Multicast for multicast, if provided, is used instead of the size of the higher-layer parameter vrb-ToPRB-Interleaver in PDSCH-Config for unicast.

Conclusion:
For multicast of RRC-CONNECTED UEs, support CFR associated with UE active BWP, where UE active BWP can be an RRC reconfigured initial DL BWP (using Option#2 for configuring initial BWP according to the Annex B.2 of TS 38.331).

Agreement:
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2

Conclusion:
If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, it is up to gNB’s configuration whether to use the CORESET configured in PDCCH-config-Multicast in the CFR for unicast transmission or PTP retransmission of multicast.

Agreement:
For MCS determination of SPS GC-PDSCH, mcs-Table of ‘qam64LowSE’ can be optionally configured in the SPS-Config-Multicast.
· If mcs-Table of ‘qam64LowSE’ is not configured in the SPS-Config-Multicast, the mcs-Table of PDSCH-Config-Multicast in the same CFR-Config-Multicast is used for the SPS GC-PDSCH to determine the MCS. 
· If mcs-Table of ‘qam64LowSE’ is configured in the SPS-Config-Multicast, it is used for the SPS GC-PDSCH to determine the MCS.

Agreement:
A list of up to 8 k1 values can be configured by higher layer parameter dl-DataToUL-ACK-MulticastDciFormat1_0 to be applied to multicast DCI format 1_0 for RRC_CONNECTED UEs. If the higher layer parameter dl-DataToUL-ACK-MulticastDciFormat1_0 is not provided, k1 list {1, 2, 3, 4, 5, 6, 7, 8} is applied to multicast DCI format 1_0.
· The size of ‘PDSCH-to-HARQ_feedback timing indicator’ field of multicast DCI format 1_0 is fixed at 3 bits.

Agreement:
If locationAndBandwidth-Multicast is not configured in a cfr-Config-Multicast, the default value is the locationAndBandwidth of the DL BWP in which the cfr-Config-Multicast is configured.

Agreement:
For applicable PDSCH time domain resource allocation for multicast DCI format,
· if pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is provided, the pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is applied,
· else if pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast is not provided but pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon is provided, the pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon is applied, 
· else if both pdsch-TimeDomainAllocationList in PDSCH-Config-Multicast and pdsch-TimeDomainAllocationList in PDSCH-ConfigCommon are not provided, Default A table is applied irrespective of the SS/PBCH block and CORESET multiplexing pattern.

[bookmark: _Hlk88313982]Agreement:
For multicast in RRC_CONNECTED state, 
· Only SPS-Config-Multicast(s) configured in CFR for multicast can be activated/deactivated by GC-PDCCH with G-CS-RNTI.
· SPS-Config-Multicast(s) configured in CFR for multicast cannot be activated by unicast PDCCH with CS-RNTI, but can be deactivated by unicast PDCCH with CS-RNTI.

Agreement:
For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.

Agreement:
For multicast, if a UE is configured with a CFR in the active DL BWP, for timer-based active DL BWP switching to a default BWP, option 1 is supported.
· Option 1: UE also starts or restarts BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for multicast on/for the active BWP or when a MAC PDU for is received in a configured downlink assignment for multicast.
· UE does not start or restart BWP-InactivityTimer when it successfully decodes a GC-PDCCH addressed to group-common RNTI (e.g., G-RNTI or G-CS-RNTI) for broadcast.



In this contribution, we continue discussing the 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. Whenever the current 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
SPS activation and deactivation
It was agreed that SPS-Config-Multicast(s) configured in CFR for multicast can be deactivated by unicast PDCCH with CS-RNTI. One consequent issue is that how to differentiate the unicast PDCCH with CS-RNTI is used to deactivate the SPS for multicast or unicast. In current unicast SPS configuration mechanism, up to 8 SPS configurations is supported with SPS index 0~7. For SPS configurations in multicast, it was also agreed to support up to 8 SPS configurations for MBS, and the total SPS configurations is no more than 8 in a BWP of a serving cell for both unicast and MBS. For unicast and MBS, each SPS configuration corresponding to a SPS index is configured independently. When MBS is configured with SPS index 0~7, the same SPS index, e.g. SPS-index 1, may have different SPS configurations for unicast and MBS respectively. For SPS activation, different SPS can be differentiated by DCI with CRC scrambled by CS-RNTI or G-CS-RNTI. However, deactivation DCI cannot be differentiated when CS-RNTI is used to deactivate SPS of unicast and MBS. To solve this issue, the following methods can be considered:
· Scheme 1: When SPS configuration indexes for MBS is configured 0~7 which is the same range of values as unicast SPS, UE specific PDCCH is not supposed to be used for deactivation of SPS for MBS. GC-PDCCH is used for both activation and deactivation of SPS for MBS, which makes sure that SPS configuration can be differentiated by DCI scrambled with either G-CS-RNTI for MBS or CS-RNTI for unicast. This is a simple way for the differentiation, but it introduces limitation to use UE specific DCI for deactivation of MBS SPS.
· Scheme 2: When SPS configuration indexes for MBS is configured 0~7 which is the same range of values as unicast SPS, an information field other than HPN field in DCI scrambled by CS-RNTI can be used to indicate the SPS configuration index for MBS. When UE specific PDCCH is used for deactivation of SPS, some of the information fields are not used actually, which have to be transmitted to maintain the payload size. One of the non-used fields with 3-bit size can be interpreted as SPS configuration indexes for MBS for deactivation.
· Scheme 3: When HPN field in UE specific PDCCH is used for SPS deactivation of MBS, 8~15 in HPN field is used to indicate MBS SPS configuration indexes while MBS SPS indexes are remaining the same as 0~7. HPN has 4-bit field which can indicate 16 different indexes. The indication of unicast SPS indexes only occupies the first 8 status of the field (as the legacy mechanism), and the rest 8 status can be applied to MBS SPS indexes. This method does not change the principle of using HPN field to indicate SPS index, and it can also separate the SPS indexes ranges between MBS and unicast by keeping MBS SPS indexes as 0~7. Furthermore, by following the agreements, it is also up to gNB to determine/configure the exact SPS indexes in the range of 8~15.
Proposal 6: When UE-specific DCI is used to deactivate MBS SPS, scheme 2 or scheme 3 can be considered to differentiate the SPS between MBS and unicast.
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 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 7: 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 8: 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.
Processing number of DCI per slot
According to current UE feature list, for index 3-1 of Feature DL control channel and procedure, the processing number of DCI is limited. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD; processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD. In Rel-15/16, MBS is not supported, which means group-common DCI is only used for system information transmission and scheduling. Besides the DCI processing number (1 DL +1 UL or 1 DL +2 UL) for unicast per slot per CC, UE is able to processing group-common DCI(s) for system information. In Rel-17 NR MBS, GC-PDCCH is used to scheduling GC-PDSCH for MBS. Therefore, the MBS GC-DCI scheduling DL is considered as the group-common DCI(s) together with the DCI(s) for system information, rather than to be considered/limited by the processing number of 1+1 or 1+2 as mentioned above.
In Rel-17 NR MBS, UE specific DCI can be used for retransmission of MBS or deactivation of SPS configuration for a UE.
· These DCI(s) are considered as unicast DCI(s)
· The current DCI processing number limitation in UE feature can be updated, e.g. 1+1 or 1+2 can be updated to 1 DL +1 UL +1 (MBS) or 1 DL +2 UL +1 (MBS). This update by increasing the processing number of DCI will not impact unicast DCI processing, but may require UEs having higher processing capability of DCIs per slot per CC.
· The current DCI processing number is not changed, gNB with proper implementation can also schedule unicast DCI and MBS DCI separately in different slot to avoid collision.
· Whenever unicast DCI and MBS DCI are transmitted in one slot, it can also be up to UE implementation to determine how many and which DCIs to be processed.
· These DCI(s) are considered as group-common DCI(s), the current DCI processing number can be kept, and the current UE feature list can also be remaining the same.
Proposal 9: The processing number of DCI per slot per CC should be discussed when supporting Rel-17 NR MBS.

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: When UE-specific DCI is used to deactivate MBS SPS, scheme 2 or scheme 3 can be considered to differentiate the SPS between MBS and unicast.
Proposal 7: [bookmark: _GoBack]PTM scheme 1 and PTP are not supported to be used as retransmission scheme simultaneously for a given SPS group-common PDSCH.
Proposal 8: 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 9: The processing number of DCI per slot per CC should be discussed when supporting Rel-17 NR MBS.
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[1] RAN1 Chairman’s Notes, RAN1#107-e, e-Meeting, November 11th – 19th, 2021.
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