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The contribution is focused on group scheduling issues for RRC_CONNECTED UEs in Rel-17 NR MBS.
In RAN1#108-e meeting, regarding scheduling mechanism and frequency resource definition/configuration as well as reliability improvement, the corresponding agreements are made as below: 
[bookmark: _Hlk39170201]
Agreement
In the reply LS on MBS SPS to RAN2, capture the following for Q1:
· RAN1 confirms that RAN2’s understanding is correct. 
· RAN1 thinks that the maximum number of G-CS-RNTI configured for UE should be subject to UE capability.

Agreement
In the reply LS on MBS SPS to RAN2, capture the following for Q2:
· From RAN1 perspective, retransmission scheme (i.e. via PTM or PTP) can be changed per TB per transmission.
· UE is not expected to receive PTM retransmission after PTP retransmission for the same multicast TB
· There is no consensus in RAN1 to support PTM retransmission and PTP retransmission simultaneously for different UEs in the same MBS group
· A single CS-RNTI is used for PTP retransmissions of all G-CS-RNTIs.

Agreement
RAN1 thinks that multiple G-CS-RNTIs cannot be mapped to same MBS SPS-config at the same time for a UE. 
Reply LS to R1-2200888 on MBS SPS is endorsed in R1-2202591.

Agreement
Send an LS to inform RAN2 that the following parameters are NOT needed for PDCCH-Config-Multicast:
· downlinkPreemption 
· tpc-PUCCH 
· tpc-PUSCH 
· tpc-SRS 
· uplinkCancellation-r16
· monitoringCapabilityConfig-r16 (the default is R15monitoringcapablity)
· searchSpaceSwitchConfig-r16

Agreement
Send an LS to inform RAN2 that the following parameters are NOT needed for PDSCH-Config-Multicast:
· minimumSchedulingOffsetK0-r16
· antennaPortsFieldPresenceDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2-r16, aperiodicZP-CSI-RS-ResourceSetsToReleaseListDCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2-r16, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2-r16, dmrs-SequenceInitializationDCI-1-2-r16, harq-ProcessNumberSizeDCI-1-2-r16, mcs-TableDCI-1-2-r16, numberOfBitsForRV-DCI-1-2-r16, pdsch-TimeDomainAllocationListDCI-1-2-r16, prb-BundlingTypeDCI-1-2-r16, priorityIndicatorDCI-1-2-r16, rateMatchPatternGroup1DCI-1-2-r16, rateMatchPatternGroup2DCI-1-2-r16, resourceAllocationType1GranularityDCI-1-2-r16, vrb-ToPRB-InterleaverDCI-1-2-r16, referenceOfSLIVDCI-1-2-r16, resourceAllocationDCI-1-2-r16, 
· dataScramblingIdentityPDSCH2-r16
· repetitionSchemeConfig-r16, repetitionSchemeConfig-v1630

Agreement
If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
· The capability of supporting MBS multicast on SCell is a separate capability from the CA capability for unicast.
· The granularity of UE reporting the capability of supporting MBS multicast reception is per FSPC

Conclusion
When HARQ feedback is disabled, the following fields (if present) of DCI format 4_1/4_2 can be assumed to be reserved and UE ignores them:
· PUCCH resource Indicator
· PDSCH-to-HARQ_feedback timing indicator

Agreement
For RRC_CONNECTED UEs, a multicast PDCCH to schedule a multicast PDSCH is counted as a unicast DCI to schedule a unicast PDSCH.

Agreement
Regarding rate matching of GC-PDSCH reception, the UE shall assume that both of indicated resources in clauses 5.1.4.1, 5.1.4.2 and the PRBs containing SS/PBCH block transmission resources are not available for the PDSCH scheduled with G-RNTI for multicast. 

[bookmark: _Hlk96668742]Agreement
Regarding the number of DCIs that a UE can process in a slot or span, MBS broadcast DCI monitored by the UE is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b for RRC_CONNECTED UEs.

Agreement
Send an LS to inform RAN2 that the following parameters are NOT needed for PDSCH-Config-Multicast:
· zp-CSI-RS-ResourceToAddModList, zp-CSI-RS-ResourceToReleaseList

Agreement
For multicast RRC_CONNECTED UEs, p-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE symbol level granularity,
· the REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast are declared as not available for GC-PDSCH.
· p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· p-ZP-CSI-RS-ResourceSet in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· The total number of p-ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16
Also include this agreement in an LS to RAN2.

Agreement
For multicast RRC_CONNECTED UEs, sp-ZP-CSI-RS-ResourceSetsToAddModList can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE symbol level granularity,
· the REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config-Multicast are declared as not available for GC-PDSCH when their activation delivered by unicast PDSCH is applied.
· sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· sp-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· The total number of semi-persistent ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16
Also include this agreement in an LS to RAN2.

Agreement
For TCI states activation/deactivation for multicast GC-PDSCH, Alt-1 is supported.
· Alt-1: The unicast PDSCH carrying a ‘TCI States Activation/Deactivation for UE-specific PDSCH MAC CE’ is received by the UE to map up to 8 TCI states configured in PDSCH-Config to the TCI codepoints in both unicast DCI format and DCI format 4_2. The following text in Clause 5.1.5 of TS38.214 is deleted.
· “The UE can be configured with a list of up to M’ TCI-State configurations within the higher layer parameter PDSCH-Config-Multicast to decode PDSCH associated with a G-RNTI or a G-CS-RNTI according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M’ depends on the UE capability.”

Agreement
Send the LS reply with the following answer to Q1 from the incoming LS (R1-2202727):
· From RAN1 perspective, UE receiving SIBx directly from SCell via BCCH is not feasible since it is legacy procedure that UE is not required to monitor DCI formats associated with SI-RNTI, P-RNTI, RA-RNTI in SCell. Such procedure is expected to be unchanged because of the impact to RAN1 specifications and UE implementation. 

Agreement
Send the LS reply with the following answer to Q2 from the incoming LS (R1-2202727):
· From RAN1 perspective, UE can receive MCCH directly from SCell and there is no need to provide MCCH to UE with dedicated signalling. There is no dependency between SIBx reception method for SCell (i.e. directly reading from SCell vs. dedicated RRC signalling) and MCCH provision method (i.e. dedicated signalling vs. directly reading from SCell). 

Agreement
Update the previous agreement for p-ZP-CSI-RS-ResourceSet as below:
For multicast RRC_CONNECTED UEs, p-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE symbol level granularity,
· the REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast are declared as not available for GC-PDSCH.
· p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· p-ZP-CSI-RS-ResourceSet in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· The total number of periodic ZP-CSI-RS-Resources p-ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16
· If p-ZP-CSI-RS-ResourceSet is configured in both PDSCH-Config and PDSCH-Config-Multicast, it is subject to UE capability whether the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast can be different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config.
Also include this agreement in an LS to RAN2.

 
However, there are still some FFS issues which need to be resolved in maintenance phase. Hence, in this contribution, more detailed views on remaining issues are present from our side.

Discussion
Design of DCI format 4-1
In RAN1#108 meeting, most fields of both DCI formats, i.e., DCI format 4-1 and DCI format 4-2, have been decided. There are some open issues on DCI format 4-1design.
· On HARQ related fields:
According to latest RAN1 agreement, for a given G-RNTI, when RRC configures presence of HARQ-ACK feedback enabling/disabling indication (HEI) in the DCI format with CRC scrambled by the given G-RNTI, this enabling/disabling HARQ-ACK feedback indication is only included in DCI format 4-2 with CRC scrambled by the given G-RNTI while not included in DCI format 4-1 with CRC scrambled by the given G-RNTI. 
There are several open issues:
· One problem is when UE receives a DCI format 4-1 with CRC scrambled by the G-RNTI, should the UE assume HARQ-ACK feedback is enabled or disabled for the scheduled GC-PDSCH? 
· Another problem is when the DCI format 4-1 is missed by UE, UE can’t know whether this missed DCI format is DCI format 4-1 or DCI format 4-2 and whether the missed DCI enables or disables HARQ-ACK feedback.
· Similarly, when one DCI format 4-1 is missed by UE, UE can’t know whether this missed DCI format is DCI format 4-1 or DCI format 4-1 and whether the missed DCI enables or disables HARQ-ACK feedback.
One example is shown in Figure 1, where four group-common DCIs, DCI 1~4, schedule four group-common PDSCHs for a given G-RNTI, respectively. DCI 1, DCI 3 and DCI 4 are DCI format 4-2 while DCI 2 is DCI format 4-1. For the given G-RNTI, RRC signaling configures the presence of enabling/disabling HARQ-ACK feedback indicator in DCI format 4-2 with CRC scrambled by the G-RNTI. HARQ-ACK feedback is enabled in DCI 1, DCI 3 and DCI 4 with HEI (enabling/disabling HARQ-ACK feedback indicator) setting to “1” and corresponding HARQ-ACK feedback is indicated to be transmitted in same slot. Since DCI 2 does not include enabling/disabling HARQ-ACK feedback indicator, upon reception of DCI 2, how can UE determine the HARQ-ACK feedback is enabled or disabled?
Furthermore, as shown in Figure 1, assuming DCI 2 is missed by UE, according to DAI, UE can identify there is a DCI missed between DCI 1 and DCI 3. However, UE can’t know whether the missed DCI is DCI format 4-1 or DCI format 4-2 as well as HARQ-ACK feedback for PDSCH 2 is enabled or not. In addition, assuming DCI 1 is missed by UE, according to DAI, UE can identify there is a DCI missed before DCI 2. However, UE can’t know whether the missed DCI is DCI format 4-1 or DCI format 4-2 as well as whether HARQ-ACK feedback for PDSCH 1 is enabled or not. 
As a result, UE can’t determine HARQ-ACK codebook for the given G-RNTI and can’t multiplex HARQ-ACK feedback for the given G-RNTI with unicast HARQ-ACK feedback and HARQ-ACK feedback for other multicast services in same HARQ-ACK codebook.
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Figure 1: HARQ-ACK codebook determination for multicast DCI

To simplify the UE behavior and avoid any misunderstanding between UE and gNB on HARQ-ACK codebook size, 1-bit HEI should be included in both DCI format 4-1 and DCI format 4-2. Considering each field in DCI format 4-1 has fixed size, this 1-bit HEI is always included in DCI format 4-1. In detail, if RRC signaling configures presence of enabling/disabling HARQ-ACK feedback indication (HEI) in multicast DCI format for a given G-RNTI, one-bit HEI is included in the multicast DCI format 4-1 indicating enabled or disabled HARQ-ACK feedback for group-common PDSCH scheduled by the multicast DCI format 4-1; otherwise, this bit is reserved. This follows same design principle of 1-bit UL/SUL indicator in fallback DCI format 1-0. For DCI format 4-1, one of the reserved three bits can be used as 1-bit HEI. The presence of this bit is always there and not configurable by RRC signaling so as to guarantee each field in the multicast DCI format 4-1 is of fixed size.

Based on above discussion, we have below proposals:
Proposal 1: Support one-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1. 
Proposal 2: One-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1 is reserved when RRC signaling does not configure presence of enabling/disabling HARQ-ACK feedback indication (HEI) in multicast DCI format for a given G-RNTI. 

For Type-2 HARQ-ACK codebook determination, DAI is needed for solving missing DCI problem. However, for Type-1 HARQ-ACK codebook determination, DAI is not needed and can be reserved. 
Proposal 3: For Type-1 HARQ-ACK codebook determination, DAI in multicast DCI format 4-1 is reserved.
Proposal 4: For Type-2 HARQ-ACK codebook determination, DAI in multicast DCI format 4-1 is used as counter DAI as legacy operation.

Size alignment of the second group-common DCI

To keep the “3+1” DCI size budget, the main issue needs to be addressed is whether the DCI with CRC scrambled by G-RNTI is counted in the maximum three DCI size budget with C-RNTI, or the DCI sizes budget with other RNTIs. 
	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.




There are 6 DCI formats which may need to be monitored by a UE:
(1)	DCI format 1-0/0-0 with CRC scrambled by C-RNTI
(2)	DCI format 4-1 with CRC scrambled by G-RNTI
(3)	DCI format 0-1 with CRC scrambled by C-RNTI
(4)	DCI format 1-1 with CRC scrambled by C-RNTI
(5)	DCI format 4-2 with CRC scrambled by G-RNTI
(6)	DCI format 2-X with CRC scrambled by corresponding RNTI
Firstly, RAN1 has agreed that the size of the DCI format 4-1 is aligned with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS. It is straightforward to count the G-RNTI for the DCI format 4-1 as C-RNTI.
Furthermore, there are several ways to keep 3+1 budget:
· Option 1: Align the payload size of (3) and (4) then the RNTI of (5) can be regarded as C-RNTI. In that sense, the total number of different payload sizes with C-RNTI including G-RNTI is 3. The padding bits may be appended to (3) until both (3) and (4) have same size considering usually DL DCI includes more bits than UL DCI.
· Option 2: Align the payload size of (5) and (4) then the RNTI of (5) can be regarded as C-RNTI. In that sense, the total number of different payload sizes with C-RNTI including G-RNTI is 3. The padding bits may be appended to (5) until both (5) and (4) have same size considering usually DL DCI includes more bits than UL DCI. Taking CBG-based retransmission as example, if CBG-based retransmission with maximum 8 CBGs per TB is configured for the UE, the UE assumes 8-bit CBGTI field included in the DCI format 1-1 with CRC scrambled by C-RNTI. In order to align the size of DCI format 1-1 with CRC scrambled by C-RNTI, the second DCI format with CRC scrambled by G-RNTI has to include 8 bits CBGTI which may be reserved as padding bits. In that sense, aligning the size of DCI format 1-1 with CRC scrambled by C-RNTI and the DCI format 4-2 with CRC scrambled by G-RNTI may bring more overhead in the DCI format 4-2. 
· Option 3: Align the payload size of (5) and (6) then the RNTI of (5) can be regarded as other RNTI. In that sense, the total number of different payload sizes with all RNTIs is 4. Since DCI format 2-x series have a configurable size, gNB can adjust the payload size of the DCI format 4-2 to adapt that of DCI format 2-x. Therefore, it is better to align the size of the DCI format 4-2 with CRC scrambled by G-RNTI with DCI format 2-x series, i.e., here, the G-RNTI for the DCI format 4-2 is counted as “other RNTI”.
Based on above discussion, we have below proposals:
[bookmark: _Hlk83824656]Proposal 5: For DCI size alignment, G-RNTI for the DCI format 4-1 is counted as C-RNTI.
Proposal 6: For DCI size alignment, G-RNTI for the DCI format 4-2 is counted as other RNTI.

Search space configuration for multicast

In previous RAN1 meeting, there are some discussions on whether DCI format 1_0 with CRC scrambled by C-RNTI can be configured in the same CSS as multicast DCI formats. The relevant proposal is listed below:
	Initial proposal 2-4a:
For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 1_0 scheduling PTP ReTx of multicast or unicast (Re)Tx can be configured in the same CSS configuration with multicast DCI formats.




For UE receiving multicast, UE monitors the PDCCH according to the search space configuration and performs PDCCH overbooking based on the search space type instead of the DCI formats. If a Type-3 CSS is configured for the UE to monitor DCI format 4-1/4-2 with CRC scrambled by G-RNTI, then the monitoring priority of the CSS is based on the search space indexes (similar to USS) even if DCI format 1-0 is also configured to be monitored in the Type-3 CSS. In addition, allowing support of monitoring DCI format 1_0 in multicast CSS can have scheduling flexibility from gNB side.
On the other hand, configuration of search space is based on possible traffic patterns. The multicast CSS is configured solely based on the traffic pattern of the multicast service, which is independently configured from the search space for unicast service. It does not make sense to support DCI format 1-0 for scheduling unicast service to be transmitted in the multicast CSS. It is simpler to restrict the multicast CSS to be configured only for multicast service. 
Considering DCI format 1-0 with CRC scrambled by C-RNTI can be used for scheduling a PTP-based retransmission which is initially scheduled by a DCI format 4-1 or 4-2 in the multicast CSS, it does make sense to support DCI format 1-0 monitored in the multicast CSS only for scheduling PTP-based retransmission of a multicast service since this DCI format 1-0 is used for multicast retransmission.
Proposal 7: For multicast reception, DCI format 1_0 scheduling PTP-based retransmission of multicast can be configured in the same CSS configuration with multicast DCI formats.
Proposal 8: DCI format 1_0 scheduling initial transmission or retransmission of unicast can’t be configured in the same CSS configuration with multicast DCI formats.

NDI conflicting 

Regarding NDI conflict issue, which may occur for PTM reception when UEs in the same group have different “latest” NDI for the same HARQ process number. In detail, for a TB via multicast transmission, if a multicast DCI is used in initial transmission in PTM manner and a unicast DCI is used in retransmission in PTP manner, same HARQ process number is used and NDI is not toggled. Since the multicast DCI is transmitted for the group of UEs, it is impossible to set the NDI toggled compared with the latest NDI of each UE within the group. Further assuming NDI toggled for new transmission and untoggled for retransmission will lead to some error cases when GC-PDCCH is missed.
As shown in Figure 2, for a given HARQ process X, DCI 1 with CRC scrambled by C-RNTI is used to schedule transmission of TB1 on a unicast PDSCH (named PDSCH 1), and DCI 2 with CRC scrambled by G-RNTI is used to schedule an initial transmission of TB2 on a multicast PDSCH (named PDSCH 2). Assuming DCI 2 is missed by a UE, when gNB transmits DCI 3 with CRC scrambled by C-RNTI to the UE for scheduling the retransmission of TB2 on a unicast PDSCH (named PDSCH 3), the UE may misunderstand the retransmission of TB2 as retransmission of TB1 because of same HARQ process number and untoggled NDI. Furthermore, if the UE has reported NACK/DTX to gNB for PDSCH 1, upon reception of PDSCH 3, the UE will regard it as a retransmission of TB1 and combine both PDSCHs so that the PDSCH 1 is corrupted in the HARQ buffer; if the UE has reported ACK to gNB for PDSCH 1, upon reception of PDSCH 3, the UE will regard it as a retransmission of TB1 due to ACK to NACK error at gNB side and report ACK directly without decoding of PDSCH 3 so that TB2 is lost.


[image: ]
Figure 2: PTP-based retransmission used for initial PTM transmission
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Figure 3: PTP-based retransmission used for initial PTM transmission

This error case can be easily solved based on the search space where the UE-specific DCI is received. Since the multicast CSS is only used for multicast service, when a UE-specific DCI for scheduling a PDSCH is received in the multicast CSS, UE regards the UE-specific DCI is used for scheduling retransmission of a multicast TB which is initially transmitted by a multicast PDSCH in PTM manner. In this way, UE doesn’t combine the PDSCH scheduled by current UE-specific DCI with the PDSCH scheduled by previous UE-specific DCI.  
As shown in Figure 3, a UE receives DCI 1 with CRC scrambled by C-RNTI in USS for scheduling transmission of a unicast TB and further misses a multicast PDSCH (i.e., PDSCH 2) scheduled by a multicast DCI (i.e., DCI 2) in the multicast CSS. gNB may transmit a unicast DCI (i.e., DCI 3) in the multicast CSS for scheduling retransmission of multicast TB2 in PTP manner with NDI untoggled in DCI 3 compared with NDI in DCI 2. UE determines DCI 3 is used for scheduling retransmission of the previous multicast TB. In addition, due to DCI 1 and DCI 3 received in different SS, UE knows DCI 1 and DCI 3 schedule two different TBs and does not perform soft combining between PDSCH 1 and PDSCH 3. 
Proposal 9: NDI conflicting issue can be solved based on the search space where the UE-specific DCI is received.


Conclusion
In this contribution, we focus on the group scheduling issues for MBS transmission and have below observations and proposals:
Proposal 1: Support one-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1. 
Proposal 2: One-bit enabling/disabling HARQ-ACK feedback indication in multicast DCI format 4-1 is reserved when RRC signaling does not configure presence of enabling/disabling HARQ-ACK feedback indication (HEI) in multicast DCI format for a given G-RNTI. 
Proposal 3: For Type-1 HARQ-ACK codebook determination, DAI in multicast DCI format 4-1 is reserved.
Proposal 4: For Type-2 HARQ-ACK codebook determination, DAI in multicast DCI format 4-1 is used as counter DAI as legacy operation.
Proposal 5: For DCI size alignment, G-RNTI for the DCI format 4-1 is counted as C-RNTI.
Proposal 6: For DCI size alignment, G-RNTI for the DCI format 4-2 is counted as other RNTI.
Proposal 7: For multicast reception, DCI format 1_0 scheduling PTP-based retransmission of multicast can be configured in the same CSS configuration with multicast DCI formats.
Proposal 8: DCI format 1_0 scheduling initial transmission or retransmission of unicast can’t be configured in the same CSS configuration with multicast DCI formats.
Proposal 9: NDI conflicting issue can be solved based on the search space where the UE-specific DCI is received.
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