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L1 HARQ aspects for NR MBS reliability improvement for RRC_CONNECTED UEs was discussed in both RAN1#103e and RAN1#104e. The following agreements were reached:

	[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Agreements (RAN1#103e): 
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.

 Agreements(RAN1#104e):
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 RAN2#113e, it was agreed that for the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast). In this case, only L1 HARQ is assumed for reliability improvement. 
In this contribution, the detailed design about the NR multicast L1 HARQ operation is discussed for the perspective of reliability improvement.
HARQ operation to improve reliability for PTM
Further HARQ retransmission aspects
As can be seen, from the agreements made by RAN1, for a particular PTM transmission, both PTM retransmission and PTP retransmission can be supported. 
Supporting HARQ based PTM retransmission may serve multiple UEs in one shot if multiple UEs did not decode the TB (i.e. Transport Block) successfully based on the initial HARQ transmission via PTM (i.e. group scheduling, in RAN1 terminology). We need to clarify which type(s) of HARQ retransmission should be allowed in order to improve the reliability at physical layer to support the transmission of MBS service. 
During HARQ operation, HARQ retransmission can be performed blindly or based on HARQ feedback. There is also a possibility to mix those two types of HARQ retransmissions together. Blind HARQ retransmission may have the benefit of ensuring low transmission latency but may sacrifice some radio resource utilization efficiency, since the current TB (i.e. Transport Block) may be successfully decoded by some UEs based on the initial HARQ transmission. 
HARQ feedback based PTM retransmission at HARQ is a bit complicated subtopic, since it means to collect all of the HARQ feedback from the UEs and then a rational needs to be defined to decide when to start PTM retransmission at HARQ. For example, if there are 25 UEs participating the reception of the MBS service, a threshold (e.g. 10 UEs replying NACK) can be defined for the start of PTM retransmission at HARQ. It is obvious that starting PTM retransmission at HARQ targeting only for a few UEs is not economic from radio resource utilization efficiency perspective. As can be seen, allowing HARQ feedback based PTM retransmission at HARQ can enable precise usage of radio resource at the cost of complexity. 
According to the discussion above, both blind HARQ retransmission for PTM and HARQ feedback based PTM retransmission at HARQ have some merits. However, the combination of the above two approaches may present high complexity as there is a need of coordination between two types of HARQ retransmission for PTM, and then it is not preferred.        
Proposal 1: Blind HARQ retransmission and HARQ feedback based HARQ retransmission are allowed for PTM transmission of MBS service.
Proposal 1a: The combination of blind HARQ retransmission and HARQ feedback based HARQ retransmission is not allowed for PTM transmission of MBS service.
Following the same example as discussed above, if there are 25 UEs participating the reception of the MBS service, PTP retransmission at HARQ may be the best choice if only a few UEs reply HARQ NACK after initial PTM transmission or PTM retransmission(s). However the rational to enable PTP based HARQ retransmission (e.g. according to HARQ feedback.) deserves further study.  
Proposal 1b: Further study the rational to enable PTP or PTM based HARQ retransmission according to HARQ feedback.
HARQ process for PTM initial transmission and PTP retransmission
In RAN1 agreements, in case of PTP based retransmission, the HARQ process ID and NDI indicated in DCI is used to associate the PTM initial transmission and the PTP retransmission transmitting the same TB. However it is not clear how to assign the HARQ process at both gNB and UE.  
In general, the HARQ entity of the MAC entity at gNB can assign a specific HARQ process for the transmission of a particular Transport Block of MBS data. The HARQ process generates HARQ initial transmission and/or retransmission in PTM mode to multiple UEs and the PTM based HARQ transmission is carried by multicast PDSCH (i.e. PTM PDSCH).  The PTM PDSCH is scrambled by a specific RNTI e.g. G-RNTI. 
In addition, a UE specific HARQ process can generate needed HARQ retransmission for the Transport Block in PTP mode to a specific UE. The PTP based HARQ retransmission is carried by legacy unicast PDSCH and the unicast PDSCH is scrambled by a UE specific C-RNTI. 
Proposal 2: Independent HARQ process is allocated at gNB to PTM and PTP for downlink multicast transmission.
The DCI used by the gNB to schedule the unicast PDSCH needs to carry some assistance information for the UE to understand the current unicast data is a retransmission of the previously PTM transmitted data. 
In case there are multiple UEs that require HARQ retransmission for the Transport Block, multiple unicast HARQ processes need to run simultaneously to generate multiple HARQ retransmissions for the Transport Block in PTP mode to different UEs.

Two HARQ processes or a combined HARQ process at UE side  
In the UE side, if following the legacy approach, it can establish two independent HARQ processes to receive the PTM HARQ process and PTP process. However, as the UE is expected to correlate the correlate the Transport Blocks received from PTM HARQ process and PTP HARQ process, establishing two independent HARQ processes at the UE side to receive the Transport Blocks may result in difficult for the UE to perform soft combining. More precisely, from network perspective, the PTP HARQ process may transmit a different RV version of the TB following the initial PTM transmission and/or PTM retransmission, and then the UE needs to combine different RV versions for the same TB received from PTM HARQ process and HARQ process. However, traditionally, the HARQ combining is performed per HARQ process at the UE side. This means legacy HARQ reception processing principle will be broken if the UE establish two independent HARQ processes to receive the PTM HARQ process and PTP process.        
In reality, the UE can initiate a combined HARQ process within the HARQ entity for the reception of corresponding Transport Block. A single/combined HARQ process at UE can correspond the two independent HARQ processes at gNB (PTM and PTP). In this manner, the UE can perform the HARQ combining based on different RV versions for the same TB received from PTM HARQ process and HARQ process following legacy HARQ reception processing principle, which is preferred. 
Proposal 3: A combined HARQ process is allocated at UE to receive the data from both PTM and PTP HARQ process.
The abovementioned combined HARQ process at UE requires that different HARQ identities should be allocated at gNB side and UE side in order to allow this type of two-to-one HARQ process mapping. 
As agreed by RAN1, the gNB can use HARQ process identity and NDI to correlate the Transport Blocks that is subject to both initial transmission and retransmission.
2.1 
2.2 
Conclusion
The following proposals are made:
Proposal 1: Blind HARQ retransmission and HARQ feedback based HARQ retransmission are allowed for PTM transmission of MBS service.
Proposal 1a: The combination of blind HARQ retransmission and HARQ feedback based HARQ retransmission is not allowed for PTM transmission of MBS service.
Proposal 1b: Further study the rational to enable PTP or PTM based HARQ retransmission according to HARQ feedback.
Proposal 2: Independent HARQ process is allocated at gNB to PTM and PTP for downlink multicast transmission.
Proposal 3: A combined HARQ process is allocated at UE to receive the data from both PTM and PTP HARQ process.
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