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Introduction
In RAN1#103-e [1], the following agreements were achieved. 
	Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used


In RAN1#104-e [2], the following agreements were achieved. 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.



In RAN1#104bis-e [3], the following agreements were achieved. 
	Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.

Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast.



According to the agreements made in RAN1 above retransmission of same TB (i.e., data) via same HARQ process ID but different transmission modes (i.e., PTM scheme 1 and PTP) are supported. The NDI information were also be agreed for clarifying new transmission or retransmission. However, the HARQ modelling includes MAC layer’s involvement which needs RAN 2 to discuss with.
Discussion
HARQ operation in legacy
The HARQ operation for unicast data reception in legacy is described: once a downlink assignment is received on the PDCCH, for example, a DCI with CRC bits scrambled by UE specific RNTI is decoded on PDCCH, UE’s MAC entity will be indicated by PHY about the reception of the downlink assignment on the PDCCH. The DCI indicates UE to perform corresponding PDSCH reception with a specific HARQ process. A new data indicator (NDI) carried by the DCI will also be delivered from the PHY to the MAC entity. Then, the MAC entity evaluates whether the NDI for the HARQ process of the corresponding PDSCH have been toggled or not (a.k.a. determine whether the received TB is an initial transmission or a retransmission).

MBS data transmission modes
According to the progress made in RAN1, MBS supports transmission modes of PTP, PTM scheme I and PTM scheme II. In RAN1, PTP and PTM scheme I are defined as the following: 
· PTP transmission: For RRC_CONNECTED UEs, use DCI with CRC bits scrambled by UE-specific RNTI (e.g., C-RNTI) and the DCI is transmitted on UE-specific PDCCH to schedule UE-specific PDSCH reception which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme I: For RRC_CONNECTED UEs in the same MBS group, the gNB apply a DCI with CRC bits scrambled by group-common RNTI (e.g., G-RNTI) and the DCI is transmitted on group-common PDCCH to schedule group-common PDSCH reception which is scrambled with the same group-common RNTI.

MBS data retransmission crossing PTP and PTM scheme I
Turning back to the HARQ process for MBS. Obviously, since MBS data delivery via PTM transmission could be received by a group of UEs, it is possible that not all the UEs within the group can receive the data successfully. Depending on radio condition for each UE and some other situations, some UEs within the group could not successfully receive the MBS data, whilst the other UEs could. According to RAN1’s progress, based on HARQ-ACK feedback, the gNB could understand the MBS data reception situation (i.e., whether all of the UE receives data well). 
Based on the HARQ-ACK feedback the gNB could properly adjust modulation coding rate and/or trigger corresponding retransmission either via same or different transmission schemes. For an example, once a UE within the group fails on an MBS data reception via PTM scheme I, the gNB could schedule a DL assignment for corresponding MBS data retransmission via PTP. Aligning with RAN1, the gNB could let the UE handle the retransmitted data by a same HARQ process as which handled the initial transmitted data, that is, the gNB indicates UE a same HARQ process ID to the UE for both of the initial transmission via PTM scheme I and the retransmission via PTP. This approach allows UE to perform soft combine with same HARQ process.
Observation 1 	For a retransmitted data, gNB indicates UE to handle it by a HARQ process same as for initial transmission.
Observation 2 	Continue with observation 1, NDI may be applied by gNB for indicating UE whether the data is an initial transmission or a retransmission.
However, in case of MBS service with PTP and PTM scheme I as mentioned above, there exist some cases which may bring challenges to gNB on indicating UE initial transmission or retransmission via the NDI and HARQ process ID. 
Figure 1 HARQ information indication on two DL assignments
	
	UE A
	UE B

	1st DL assignment
	HARQ process
	X
	X

	
	NDI
	1
	0

	
	Transmission mode
	PTP
	PTM

	2nd DL assignment
	HARQ process
	X

	
	NDI
	1

	
	Transmission mode
	PTM
	PTM


For example, as shown in Table 1, a gNB performs a DL assignment to UE A and UE B via two individual 1st DL assignment. The 1st DL assignment for UE A is with PTP transmission mode, and the 1st DL assignment for UE B is with PTM transmission mode. Both of 1st DL assignments for UE A and UE B indicating UE to handle corresponding DL data reception via HARQ process X. But the NDI value of the 1st DL assignment for UE A is set to “1” while the NDI value of the 1st DL assignment for UE B is “0”. Afterward, both of UE A and UE B receives a 2nd DL assignment (i.e., scheduled by G-RNTI) on group common PDCCH. The 2nd DL assignments are indicated to be handled by same HARQ process X. And the NDI value of the 2nd DL assignment is set to “1”. In this situation, if UE follows the mechanism in legacy for determine initial or retransmission based on the NDI toggling, the results of the determinations made by UE A and UE B may be different. That is, UE A treats 2nd DL assignment as a retransmission while UE B treat the 2nd DL assignment as a new transmission. Obviously, the HARQ process X of UE A may have been used for handling other TBs previously, and the reception condition of the 1st DL assignment for UE A and the 1st DL assignment for UE B may not be the same, therefore the NDI of the 2nd DL assignment may not correctly indicate whether the 2nd DL assignment is for a new TB or a retransmitted TB for UE A.
In addition, in another example, gNB performs retransmission via PTM by 2nd DL assignment for a TB which transmitted via PTM by 1st DL assignment for UE B. Under this example, the NDI value of the 1st and 2nd DL assignments for UE A and UE B are both set to “1”. And the NDI value of the 2nd DL assignment is set to “1”. In this situation, if UE follow the mechanism in legacy for determine initial or retransmission based on the NDI toggling, both the UE A and UE B may determine the 2nd DL assignment as a retransmission. However, the MCS and resource allocation of the 1st DL assignment for UE A and the 1st DL assignment for UE B may not be the same. When the 2nd DL assignment for UE A and for UE B is for a retransmitted TB, UE A cannot perform soft combine of the 1st transmission and the 2nd retransmission if the TBS of the retransmitted TB indicated by the 2nd DL assignment is not the same as the TBS of the transmitted TB indicated by the 1st DL assignment for UE A. 
Based on these observations, obviously, it is difficult for the gNB to indicate the initial transmission or retransmission via the NDI to UE A and UE B because the NDI corresponding to HARQ process X of UE B and UE A may not sync.

Observation 3 	Once gNB dynamically switches the transmission mode for MBS data transmission, it brings challenge on how to indicate, by NDI, UE each scheduled DL data reception is an initial transmission or is a retransmission.
Proposal	RAN2 to discuss HARQ modelling for MBS data reception based on identical HARQ process for both initial transmission and retransmission.
Conclusion
In this contribution, we have the following observations
Observation 1 	For a retransmitted data, gNB indicates UE to handle it by a HARQ process same as for initial transmission.
Observation 2 	Continue with observation 1, NDI may be applied by gNB for indicating UE whether the data is an initial transmission or a retransmission.
Observation 3 	Once gNB dynamically switches the transmission mode for MBS data transmission, it brings challenge on how to indicate, by NDI, UE each scheduled DL data reception is an initial transmission or is a retransmission.
Based on observations, the following proposals are made
Proposal 	RAN2 to discuss HARQ modelling for MBS data reception based on identical HARQ process for both initial transmission and retransmission.
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