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1 Introduction
In this contribution, the remaining issues related to group scheduling mechanisms for RRC_CONNECTED UEs are discussed.

2 Discussion
2.1 Carrier aggregation
In previous meetings, it was discussed whether to support multicast reception on SCell, but no agreement was reached. It is typical to use a different cell as PCell between UEs for load balancing. Therefore, multicast reception on SCell is essential for multicast operation. Regarding cross carrier scheduling, in order to perform cross carrier scheduling using group-common PDCCH, cell configuration for CA has to be unified among UEs, which is too restrictive. Self-scheduling would be sufficient. This means that the carrier indicator does not need to be included in DCI format 4_2.
Proposal 1: Support multicast reception on SCell with self-scheduling.
Proposal 2: Cross carrier scheduling is not supported in Rel-17 multicast.
· Not include ‘Carrier indicator’ in DCI format 4_2.

2.2 Group-common PDCCH
2.2.1 DCI fields in DCI format 4_2
Priority indication for multicast in DCI is supported subject to UE capability. The presence of ‘priority indicator’ in DCI format 4_2 depends on priorityIndicatorDCI-4-2. The position of ‘Enabling/disabling HARQ-ACK feedback indication’ in DCI format 4_2 depends on the presence of ‘priority indicator’. If priorityIndicatorDCI-4-2 can be configured only for UEs that support priority indication for multicast in DCI, gNB may have to send two DCI format 4_2, one with ‘priority indicator’ and one without, to UEs that support and do not support priority indication for multicast in DCI. To avoid the problem, priorityIndicatorDCI-4-2 should also be configurable for UEs that do not support priority indication for multicast in DCI. UEs that do not support priority indication for multicast in DCI should just ignore the field.
The similar problem can occur with ‘PDSCH-to-HARQ_feedback timing indicator’ and ‘Downlink assignment index’ fields. dl-DataToUL-ACK in PUCCH-Config-Multicast1, which is the RRC parameter to determine the size of ‘PDSCH-to-HARQ_feedback timing indicator’ in DCI format 4_2, should be configurable for UEs that do not support HARQ-ACK feedback for multicast. Regarding ‘Downlink assignment index’ in DCI format 4_2, there is another issue other than the issue between UE supporting HARQ feedback and UE not supporting HARQ feedback, which is that the number of serving cells configured for multicast may vary between UEs in a group. Also, different codebook types may be configured for different UEs in the group. So the size of DAI field in DCI format 4_2 should not be determined based on existence of RRC parameter for HARQ feedback, the number of serving cells, or codebook type for multicast. The size should be explicitly configured in a CFR.
Proposal 3: priorityIndicatorDCI-4-2 can be configured for UEs that do not support priority indication for multicast in DCI.
· A UE that does not support priority indication for multicast in DCI ignores ‘priority indicator’ field in DCI format 4_2.
Proposal 4: dl-DataToUL-ACK in PUCCH-Config-Multicast1 can be configured for UEs that do not support HARQ-ACK feedback for multicast
· A UE that does not support HARQ-ACK feedback for multicast ignores ‘PDSCH-to-HARQ_feedback timing indicator’ field in DCI format 4_2.
Proposal 5: The size of ‘Downlink assignment index’ in DCI format 4_2 is explicitly configured in a CFR
· A UE not configured with Type-2 HARQ-ACK codebook for multicast ignores the field.

2.2.2 TCI field in DCI format 4_2
The condition for the existence of TCI field in DCI format 4_2 is not described yet in section 5.1.5 of 38.214. It should follow tci-PresentInDCI for the CORESET scheduling GC-PDSCH. Therefore, we propose the following text proposal in section 5.1.5 of 38.214.
Proposal 6: Adopt the following text proposal in TS 38.214 Section 5.1.5 to clarify the condition for the existence of TCI field in DCI format 4_2.
	----------------------------------- Start of Text proposal to 5.1.5 of 38.214 ------------------------------------------------
<Unchanged text omitted>
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentDCI-1-2 for the CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-PresentDCI-1-2 is present in the DCI format 1_2 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the multicast PDSCH, the UE assumes that the TCI field is present in the DCI format 4_2 of the PDCCH transmitted on the CORESET. If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. 
<Unchanged text omitted>
----------------------------------- End of Text proposal to 5.1.5 of 38.214 ------------------------------------------------



2.2.3 Minor correction
DCI format 1_1 for multicast is now named DCI format 4_2. Relevant RRC parameter names have been changed, but are not fully reflected yet in 38.212. So we propose the following text proposal to correct the RRC parameter name and DCI format.
Proposal 7: Adopt the following text proposal in TS 38.212 Section 7.3.1.5.3 to correct the RRC parameter name and DCI format.
	----------------------------------- Start of Text proposal to 7.3.1.5.3 of 38.212 -----------------------------------------------
<Unchanged text omitted>
-	Downlink assignment index – number of bits as defined in the following
-	4 bits if more than one serving cell are configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
	If the UE is configured with a PUCCH-SCell, the number of serving cells is determined within a PUCCH group.
	If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.
	If higher layer parameter priorityIndicatorDCI-4-21-1 is configured in PDSCH-Config-Multicast, if the bit width of the Downlink assignment index in DCI format 4_21_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 4_21_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 4_21_1 for the two HARQ-ACK codebooks are the same.
-	PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config-Multicast1 if configured or PUCCH-Config-Multicast2 if configured; otherwise, I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config.
	If higher layer parameter priorityIndicatorDCI-4-21-1 is configured in PDSCH-Config-Multicast, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for the two HARQ-ACK codebooks are the same.
-	Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports  shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4.
If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB, the bitwidth of this field equals , where  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeA and  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeB. A number of  zeros are padded in the MSB of this field, if the mapping type of the PDSCH corresponds to the smaller value of  and .
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI in PDCCH-Config-Multicast is not enabled; otherwise 3 bits as defined in Clause 5.1.5 of [6, TS38.214]. 
-	DMRS sequence initialization – 1 bit. 
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorDCI-4-21-1 is not configured in PDSCH-Config-Multicast; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213]. 
-	Enabling/disabling HARQ-ACK feedback indication –1 bit if higher layer parameter harq-FeedbackEnabler-Multicast indicates dci-enabler; 0 bit, otherwise.
<Unchanged text omitted>
----------------------------------- End of Text proposal to 7.3.1.5.3 of 38.212 ------------------------------------------------



2.3 Group-common PDSCH
2.3.1 TCI-state for multicast
In the last meeting, it was discussed whether to support MAC CE sent over GC-PDSCH to activate/deactivate TCI-states for multicast. Supporting MAC CE sent over GC-PDSCH will be useful to reduce the signalling overhead for TCI-state activation/deactivation. However, it was pointed out that there are many issues to be addressed to support MAC CE sent over GC-PDSCH. For example, application time of the MAC CE may not be aligned among UEs since different UEs may feedback HARQ-ACK at different slots and some UEs may feedback ACK while some other UEs may feedback NACK. Also, if the HARQ-ACK feedback for GC-PDSCH carrying the MAC CE is disabled, gNB cannot know if the MAC CE reached the UE. In addition, the MAC CE contains ‘Serving Cell ID’ and ‘BWP ID’. To use the MAC CE as it is, the IDs of all UEs in the group have to be the same, which is very restrictive. A lot of discussions in both RAN1 and RAN2 will be needed to resolve these issues. Considering that we are in the maintenance phase, it is not appropriate. TCI-states for multicast should be activated/deactivated using the MAC CE sent over unicast PDSCH.
Proposal 8: For activating/deactivating TCI-states for multicast, not support MAC CE sent over GC-PDSCH.

2.3.2 Configuration of HARQ retransmission scheme for multicast
In previous meetings, it was discussed whether to configure the retransmission scheme for multicast to UE. The options for configuring are PTM only or both PTM and PTP. It was argued that if the PTM retransmission duration is shorter than the PTP retransmission duration, a UE receiving only PTM retransmission can stop monitoring PDCCH for retransmission earlier than a UE receiving PTP retransmission, thus reducing power consumption. However, it is questionable whether there is a significant difference in retransmission duration between PTM and PTP, and it is unclear how much power saving gain there is.
It was also mentioned that configuring the retransmission scheme can prevent incorrect HARQ operations. Figure 1 shows an example of a case where configuring the retransmission scheme can prevent incorrect HARQ operations.
[image: ]
Figure 1 An example of an issue caused by PDCCH miss-detection
In the figure, if a UE miss-detects the DCI of the first unicast, the UE may misinterprets that it is a PTP retransmission of multicast when it receives the DCI of the second unicast. If the retransmission scheme is set to PTM only, this misinterpretation can be avoided. However, the case shown in the figure occurs when the second initial unicast transmission is made without HARQ retransmissions for the first unicast. This means that NACK-to-ACK or DTX-to-ACK occurred in the HARQ-ACK feedback for the missed unicast. The probability of the case shown in the figure happening will be quite low. The misinterpretation can also be avoided by using different TBS for PTM and unicast. The benefit of configuring the retransmission scheme of multicast to UE seems to be small.
Observation 1: The benefit of configuring the retransmission scheme of multicast to UE seems to be small.
Proposal 9: The retransmission scheme for multicast is not configured to UE by RRC signalling.

2.3.3 RAN2 LS related to HARQ retransmission scheme
RAN1 received an LS from RAN2 containing the following question [1].
	In addition, RAN2 discussed the handling of retransmission and wonders if retransmission (i.e. via PTM or PTP) can be changed per TB or per TB per transmission, or configured in RRC signalling and whether a single CS-RNTI is used for PTP retransmissions of all G-CS-RNTIs?
Q2: Clarify the handling of PTM retransmissions.


PTM retransmission is suitable when the number of UEs that need retransmission is large, and PTP retransmission is suitable when the number of UEs that need retransmission is small. It may be the case that PTM retransmission is suitable for the first retransmission because there are many UEs that need retransmission, and PTP retransmission is suitable for the second retransmission for the same TB because there are few UEs that need retransmission. The retransmission scheme for multicast should be able to be changed per TB per transmission.
Proposal 10: The retransmission scheme for multicast can be changed per TB per transmission.

For the association of G-CS-RNTI and CS-RNTI in PTP retransmissions of SPS GC-PDSCH, a single CS-RNTI could be used for all G-CS-RNTIs. The HARQ PID field in the DCI scrambled by CS-RNTI can be used to identify which G-CS-RNTI is associated with it.
Proposal 11: A single CS-RNTI is used for PTP retransmissions of all G-CS-RNTIs

2.3.4 Mapping between G-CS-RNTI and SPS-Config-Multicast
The LS from RAN2 also includes the following question.
	Q1:RAN2 respectfully asks RAN1 to confirm RAN2’s understanding and the maximal number of G-CS-RNTI configured for UE? Can multiple G-CS-RNTIs be mapped to same MBS SPS-config and if so how that would work?


Making the same SPS-Config-Multicast active with multiple G-CS-RNTIs at the same time should be avoided because it complicates SPS GC-PDSCH reception procedure and HARQ-ACK feedback procedure for SPS GC-PDSCH. When gNB wants to use an SPS-Config-Multicast with multiple G-CS-RNTIs, the gNB should deactivate an SPS-Config-Multicast with a G-CS-RNTI and then activate the same SPS-Config-Multicast with another G-CS-RNTI. As long as an SPS-Config-Multicast is not active with multiple G-CS-RNTIs at the same time, it can be up to gNB implementation whether to use the same SPS-Config-Multicast with multiple G-CS-RNTIs.
[bookmark: _GoBack]Proposal 12: Not support making an SPS-Config-Multicast active with multiple G-CS-RNTIs at the same time. 

3 Conclusion
In this contribution, we have following observation and proposals:
Proposal 1: Support multicast reception on SCell with self-scheduling.
Proposal 2: Cross carrier scheduling is not supported in Rel-17 multicast.
· Not include ‘Carrier indicator’ in DCI format 4_2.
Proposal 3: priorityIndicatorDCI-4-2 can be configured for UEs that do not support priority indication for multicast in DCI.
· A UE that does not support priority indication for multicast in DCI ignores ‘priority indicator’ field in DCI format 4_2.
Proposal 4: dl-DataToUL-ACK in PUCCH-Config-Multicast1 can be configured for UEs that do not support HARQ-ACK feedback for multicast
· A UE that does not support HARQ-ACK feedback for multicarst ignores ‘PDSCH-to-HARQ_feedback timing indicator’ field in DCI format 4_2.
Proposal 5: The size of ‘Downlink assignment index’ in DCI format 4_2 is explicitly configured in a CFR
· A UE not configured with Type-2 HARQ-ACK codebook for multicast ignores the field.
Proposal 6: Adopt the following text proposal in TS 38.214 Section 5.1.5 to clarify the condition for the existence of TCI field in DCI format 4_2.
	----------------------------------- Start of Text proposal to 5.1.5 of 38.214 ------------------------------------------------
<Unchanged text omitted>
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentDCI-1-2 for the CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-PresentDCI-1-2 is present in the DCI format 1_2 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the multicast PDSCH, the UE assumes that the TCI field is present in the DCI format 4_2 of the PDCCH transmitted on the CORESET. If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. 
<Unchanged text omitted>
----------------------------------- End of Text proposal to 5.1.5 of 38.214 ------------------------------------------------



Proposal 7: Adopt the following text proposal in TS 38.212 Section 7.3.1.5.3 to correct the RRC parameter name and DCI format.
	----------------------------------- Start of Text proposal to 7.3.1.5.3 of 38.212 -----------------------------------------------
<Unchanged text omitted>
-	Downlink assignment index – number of bits as defined in the following
-	4 bits if more than one serving cell are configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL for multicast and the higher layer parameter pdsch-HARQ-ACK-Codebook-Multicast=dynamic, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
	If the UE is configured with a PUCCH-SCell, the number of serving cells is determined within a PUCCH group.
	If the UE is configured with a PUCCH-SCell, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 if present for the secondary PUCCH group.
	If higher layer parameter priorityIndicatorDCI-4-21-1 is configured in PDSCH-Config-Multicast, if the bit width of the Downlink assignment index in DCI format 4_21_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 4_21_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 4_21_1 for the two HARQ-ACK codebooks are the same.
-	PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config-Multicast1 if configured or PUCCH-Config-Multicast2 if configured; otherwise, I is the number of entries in the higher layer parameter dl-DataToUL-ACK in PUCCH-Config.
	If higher layer parameter priorityIndicatorDCI-4-21-1 is configured in PDSCH-Config-Multicast, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 4_21_1 for the two HARQ-ACK codebooks are the same.
-	Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports  shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4.
If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB, the bitwidth of this field equals , where  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeA and  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeB. A number of  zeros are padded in the MSB of this field, if the mapping type of the PDSCH corresponds to the smaller value of  and .
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI in PDCCH-Config-Multicast is not enabled; otherwise 3 bits as defined in Clause 5.1.5 of [6, TS38.214]. 
-	DMRS sequence initialization – 1 bit. 
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorDCI-4-21-1 is not configured in PDSCH-Config-Multicast; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213]. 
-	Enabling/disabling HARQ-ACK feedback indication –1 bit if higher layer parameter harq-FeedbackEnabler-Multicast indicates dci-enabler; 0 bit, otherwise.
<Unchanged text omitted>
----------------------------------- End of Text proposal to 7.3.1.5.3 of 38.212 ------------------------------------------------



Proposal 8: For activating/deactivating TCI-states for multicast, not support MAC CE sent over GC-PDSCH.
Observation 1: The benefit of configuring the retransmission scheme of multicast to UE seems to be small.
Proposal 9: The retransmission scheme for multicast is not configured to UE by RRC signalling.
Proposal 10: The retransmission scheme for multicast can be changed per TB per transmission.
Proposal 11: A single CS-RNTI is used for PTP retransmissions of all G-CS-RNTIs
Proposal 12: Not support making an SPS-Config-Multicast active with multiple G-CS-RNTIs at the same time. 
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