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1.	Introduction  
	Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    
· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.
· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.
· FFS whether or not to have additional definition of transmission scheme(s)

Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?



In the last meeting, RAN 1 has clarified three schemes for group scheduling discussion. Currently, for RRC_CONNECTED UEs, the group has agreed to support the PTM transmission scheme 1 for initial transmission, and left some details for further study. In this document, we provide our views on supporting schemes for MBS initial and retransmission.

2.	Discussion
RAN 1 has agreed to support PTM transmission scheme 1 in the previous meeting. Where the base station can use group-common PDCCH with CRC scrambled by group-common RNTI (e.g. G-RNTI) to schedule group-common PDSCH with CRC scrambled with the same group-common RNTI. Meanwhile, the PTM transmission scheme 2 is still under discussion. According to companies’ contributions, it seems the main reason of supporting PTM scheme 2 is for minimizing the spec impact especially for HARQ procedure and codebook design. However, in terms of retransmission, we still have the option to use the PTP scheme. If a base station adopts PTM scheme 1 as initial transmission, and uses PTP for retransmission, the UE has to associate and soft combine transport blocks scheduled by different RNTI (e.g. G-RNTI and C-RNTI). On the other hand, if the base station adopts PTM scheme 2 as initial transmission, and PTP for retransmission, the UE has to differentiate that whether the received UE-specific DCI schedules a MBS or UE-specific transport block. So, it seems both solutions involve spec change in some ways.
Regarding the initial transmission, for a UE in a multicast group applying PTM transmission scheme 2, the base station does not have to configure a group-common frequency resource (e.g. nominal MBS BWP) and a common search space to the UE. The scheduling procedure is similar to the UE-specific PDSCH in unicast except that the scheduled PDSCH includes a CRC scrambled with group-common RNTI. Thereby, the base station has to indicate the PDSCH types to the UE, implicitly or explicitly. For example, the base station can indicate the MBS PDSCH explicitly by introducing a MBS flag in the DCI format, or in an implicit way, a UE can determine that a scheduled PDSCH is a MBS PDSCH if the FDRA of the PDSCH allocates in the configured group-common frequency resource.
Table 1. Comparison between PTM scheme 1 and 2
	
	Additional RRC signalling
	PDCCH BD
	DCI format change
(MBS flag)

	PTM scheme 1
	MBS BWP
MBS search space
	G-RNTI
C-RNTI
	No

	PTM scheme 2
(explicit indication)
	No
	C-RNTI
	Yes

	PTM scheme 2
(implicit indication)
	MBS BWP
	C-RNTI
	No


Observation 1: To support PTM scheme 1, UE has to handle the MBS BWP and MBS search space configured by a base station. On the other side, PTM scheme 2 applies simpler RRC signalling, which may be beneficial for UE that has lower capability (e.g. cannot support additional search space).
Observation 2: To support PTM transmission scheme 2, UE should be able to distinguish MBS and UE-specific transmissions scheduled by the same DCI format (e.g. according to a new field or FDRA field in the DCI format).
Proposal 1: For initial transmission, PTM transmission scheme 2 can be supported for UE with lower capability.
For retransmission, we can expect a common scenario is that only a sub-group of UE reports NACK to the base station. Thus, instead of transmitting the retransmission to all UEs in the group, it is preferred that the base station can transmit the retransmission targeting the sub-group of UE. In this case, there are three possible options as listed in the Table 2.
Table 2. Options for retransmitting to a sub-group of UE
	
	Initial transmission
	Retransmission

	Option 1
	PTM scheme 1
	PTP

	Option 2
	PTM scheme 1
	PTM scheme 2

	Option 3
	PTM scheme 2
	PTP


In Option 1, the PTP retransmission can be scheduled by using a UE-specific PDCCH and the scheduled PDSCH can be transmitted in the UE-specific resource (i.e. not in the group-common frequency resource). Thus, the method can offload MBS control and transmission traffics from group-common resources to UE-specific resources, which is beneficial when the MBS traffic is busy. Further, with PTP retransmission, the base station can use UE-specific transmission parameters such as code rate, MCS, precoding matrix, beam forming, etc. to overcome various channel conditions among UEs. 
For Option 2, regardless whether to use PTM scheme 1 or 2, the base station has to transmit in the MBS PDSCH in a group-common frequency resource shared by UEs. Thus, retransmission by using PTM scheme 2 can only offload the MBS control traffic to the UE-specific search space. Comparing with the Option 1, the base station can optimize the retransmission according to the sub-group of UEs who reports NACK. 
As for Option 3, it is similar to the Option 1 except that it can be implemented without configuring MBS search space and/or group-common frequency resources, and the major advantages are the offloading of transmission resources and the retransmission optimization in single UE granularity.
Observation 3: In terms of traffic offloading and retransmission optimization, PTP retransmission can offload control and data traffics to UE-specific resources, and provides retransmission optimization in single UE granularity.
Observation 4: In terms of data transmission, the spectrum efficiency of PTM scheme 1 and 2 are identical. However, if the initial transmission uses PTM scheme 1, the advantage of PTM scheme 2 on adopting simpler RRC signalling is no longer exist. 
Proposal 2: Support retransmission by using the same scheme as the initial transmission or by using PTP for UE-specific optimization.
Proposal 3: The association between PTM and PTP to the same TB can base on the HARQ process ID and NDI field in the DCI format.
[bookmark: _GoBack]Proposal 4:  If multiple retransmission schemes are supported, and a UE receives both group-common and UE-specific PDCCHs that schedule retransmissions of the same TB, the base station can expect that the UE receives the PTP scheduled retransmission and skips the PTM. It also refers that the UE only reports HARQ-ACK based on the DCI scheduling the PTP retransmission.
  
3.	Conclusion
Observation 1: To support PTM scheme 1, UE has to handle the MBS BWP and MBS search space configured by a base station. On the other side, PTM scheme 2 applies simpler RRC signalling, which may be beneficial for UE that has lower capability (e.g. cannot support additional search space).
Observation 2: To support PTM transmission scheme 2, UE should be able to distinguish MBS and UE-specific transmissions scheduled by the same DCI format (e.g. according to a new field or FDRA field in the DCI format).
Proposal 1: For initial transmission, PTM transmission scheme 2 can be supported for UE with lower capability.
Observation 3: In terms of traffic offloading and retransmission optimization, PTP retransmission can offload control and data traffics to UE-specific resources, and provides retransmission optimization in single UE granularity.
Observation 4: In terms of data transmission, the spectrum efficiency of PTM scheme 1 and 2 are identical. However, if the initial transmission uses PTM scheme 1, the advantage of PTM scheme 2 on adopting simpler RRC signalling is no longer exist. 
Proposal 2: Support retransmission by using the same scheme as the initial transmission or by using PTP for UE-specific optimization.
Proposal 3: The association between PTM and PTP to the same TB can base on the HARQ process ID and NDI field in the DCI format.
Proposal 4:  If multiple retransmission schemes are supported, and a UE receives both group-common and UE-specific PDCCHs that schedule retransmissions of the same TB, the base station can expect that the UE receives the PTP scheduled retransmission and skips the PTM. It also refers that the UE only reports HARQ-ACK based on the DCI scheduling the PTP retransmission.

