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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In the post meeting email discussion, [Post121][607][eMBS] UP issues for Multicast in RRC Inactive, the HARQ issue was discussed but there is no discussion the detailed HARQ operation. 
This paper discusses the detailed HARQ operation during RRC state transitions for multicast reception.
Discussion
Multicast Scheduling for RRC-Inactive UEs 
In Rel-17, DCI 4_1/4_2 and the corresponding PDCCH configurations are used for multicast transmission towards RRC Connected UEs. The DCI format 4_2 for multicast MBS contains the TCI state for PDSCH reception. The same TCI state as TCI state for unicast PDCCH will be used if DCI format 4_1 is used. In Rel-17, the DCI format 4_0 and corresponding PDCCH configurations is reused to deliver the broadcast to UEs in all RRC states. DCI format 4_0 lacks the necessary fields for UEs in RRC_CONNECTED state for HARQ scheduling information (i.e., NDI, HARQ process number, HARQ feedback resources and timing, etc).
As of 3GPP RAN2#121, the DCI and the corresponding HARQ process used to receive multicast during UE state transition between RRC_CONNECTED and RRC_ INACTIVE was not discussed. If the DCI (4_1 or 4_2) is used to schedule the multicast transmission for UEs in RRC_Inactive UEs, there is HARQ scheduling information (i.e., NDI, HARQ process number, HARQ feedback resources and timing, etc), which may be not useful for RRC_Inactive UEs, since many companies proposed to disable HARQ feedback for the UEs receiving multicast in RRC_Inactive. Hence, we assume in Rel-18, the DCI used to schedule the multicast transmission for UEs in RRC_INACTIVE state needs not carry HARQ scheduling information, as no HARQ feedback is assumed for these UEs. Meanwhile, we assume in Rel-18, Rel-17 DCI 4_1/4_2 are used to schedule multicast transmission towards RRC Connected UEs.  
With the abovementioned assumption, within the MBS multicast cell that supports both RRC_CONNECTED UEs and RRC_INACTIVE UEs to receive multicast transmission, two DCIs may be used to simultaneously schedule the multicast transmissions for the UEs in different RRC state. 
A further question is whether the two DCIs simultaneously schedule the same group common PDSCH (i.e. GC-PDSCH) or different group common PDSCH for the same multicast transmissions towards the UEs in different RRC states. An LS can be sent to RAN1 to raise such discussion. 

Proposal-1: An LS be sent to RAN1 to ask if two different DCIs can be assumed for scheduling the same multicast transmissions towards RRC_CONNECTED UEs and RRC_INACTIVE UEs.
Proposal-2: An LS be sent to RAN1 to ask if same group common PDSCH (i.e. GC-PDSCH) or different group common PDSCH for the same multicast transmissions towards RRC_CONNECTED UEs and RRC_INACTIVE UEs.

HARQ operation during RRC state transitions 
If the same group common PDSCH multicast transmission is scheduled by the two DCIs (which need RAN1 confirmation), the HARQ scheduling information should be common for both RRC_CONNECTED UE and RRC_INACTIVE UE. There may be different options for HARQ operation.   
At first, we may assume no HARQ scheduling information is provided. In this case, both RRC_CONNECTED UE and RRC_INACTIVE UE just use one single HARQ process to receive the multicast transmissions. During state transition between RRC_CONNECTED UE and RRC_INACTIVE UE, the UE keeps its HARQ process and does not flush the soft buffer. During state transmission, the UE may miss some of TBs over the air interface. Reliable transmission of multicast in this case is restricted due to lack of UE HARQ feedback.   
Secondly, HARQ scheduling information is provided (including NDI, HARQ process ID, HARQ feedback resources and timing, etc). Both RRC_CONNECTED UE and RRC_INACTIVE UE use multiple HARQ processes to receive the multicast transmissions. The RRC_CONNECTED UE is expected to use HARQ scheduling information as in Rel-17 MBS multicast reception. The RRC_INACTIVE UE only applies the NDI and HARQ process number but ignores the HARQ feedback resources and its timing. In this case, from network perspective, the HARQ retransmission at MBS multicast cell is only based on the feedback from RRC_CONNECTED UE. In case of HARQ retransmission (meant to the RRC_CONNECTED UEs), RRC_INACTIVE UE can ignore the received multicast retransmission, if the same TB was successfully decoded before. If the same TB was not successfully decoded before, RRC_INACTIVE UE can instruct the physical layer to combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data. In this case, how many HARQ processes is used to receive multicast transmission at RRC_INACTIVE UE may depend on UE implementation.  
Thirdly, if HARQ scheduling information is provided as described in the paragraph above, we can restrict the RRC_INACTIVE UE to just use one HARQ process to receive the multicast transmission in order to simplify the UE implementation. In this case, RRC_INACTIVE UE will attempt to decode each received TB for multicast (re)transmission, and deliver it to MAC layer if the TB was successfully decoded. There may be drawback for this case when RRC_INACTIVE UE attempts to decode a retransmission, since he can not identify if it is a new transmission or retransmission. He may risk to deliver the same decoded TB to MAC layer. Then follow-up L2 protocol functions may be used to remove the duplicates. 

HARQ Switch 
During the UE state transition from RRC_CONNECTED to RRC_INACTIVE, the monitored DCI can be switched to support the multicast reception after state transition. The new DCI and the corresponding PDCCH configuration are configured to the UE via RRC Release message. For the DCI to indicate the multicast reception during RRC_INACTIVE, the HARQ scheduling information may be omitted. 
As there is HARQ process number indicated in the DCI during RRC_CONNECTED, and the multicast reception is based on multiple HARQ process (each corelated with a specific HARQ buffer) in this case. If the DCI is switched to a new format or the format used for Rel-17 broadcast (i.e., DCI 4_0), the HARQ process number is not indicated (i.e., a single HARQ process can be assumed). In this case, the previous HARQ soft buffers should be flushed and the corresponding HARQ processes should be released. A new HARQ process can be used for the follow-up multicast reception. 
Any TB that was not successfully decoded is removed from the HARQ buffer and will not be submitted to the MAC layer. It should be noted that the UE will not receive some of the TBs and may miss some more TBs due to DCI/HARQ switch delay during state transition from RRC_CONNECTED to RRC_INACTIVE. 

Proposal-3: RAN2 to discuss different options for the	HARQ operation during RRC state transitions for multicast reception including:
Same or different HARQ process number(s) used during RRC state transitions 
The need of HARQ buffer flush 
The use of HARQ scheduling information
The handling of HARQ retransmission by RRC_INACTIVE UE 

Conclusion and Proposal
We have the following proposals:

Proposal-1: An LS be sent to RAN1 to ask if two different DCIs can be assumed for scheduling the same multicast transmissions towards RRC_CONNECTED UEs and RRC_INACTIVE UEs.
Proposal-2: An LS be sent to RAN1 to ask if same group common PDSCH (i.e. GC-PDSCH) or different group common PDSCH for the same multicast transmissions towards RRC_CONNECTED UEs and RRC_INACTIVE UEs.
Proposal-3: RAN2 to discuss different options for the	HARQ operation during RRC state transitions for multicast reception including:
Same or different HARQ process number(s) used during RRC state transitions 
The need of HARQ buffer flush 
The use of HARQ scheduling information
The handling of HARQ retransmission by RRC_INACTIVE UE
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