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1. Introduction
During the RAN2#123 meeting, the following agreements on multicast reception in RRC_INACTIVE state were made for the 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services”.
For a UE receiving multicast in RRC_INACTIVE, the UE resumes the RRC connection when the measured RSRP or RSRQ based on the existing measurement requirements (whichever is configured by the NW) of the serving cell becomes lower than the threshold configured by network. FFS whether/how we need to address ping-pong issue
The threshold can be configured in PTM configuration per MBS session via RRCRelease or multicast MCCH message.
Unless issues are identified with using one of existing resume causes, no new resume causes are introduced for UEs receiving MC in INACTIVE when they resume due to bad quality or lack of SIBx/PTM configuration
Dedicated frequencies in RRCRelease can be used by the NW, as legacy
FFS whether we need something more, e.g. frequency priorities in MCCH or a solution based on FSAI
NW indicates which multicast service can be received in INACTIVE in suspendConfig of RRC Release. FFS how exactly this is indicated
Unless blocking issues are identified, UE behaviour is not to suspend corresponding multicast MRBs and to keep using them in INACTIVE
For “non-synchronised“ cell (in terms of PDCP COUNT), upon cell reselection, UE sets the initial PDCP count of the MRB for the multicast reception in RRC_INACTIVE state based on the same mechanism as R17 MBS broadcast.
One cell can indicate "synchronized", if by implementation, it follows a common QoS flow to MRB mapping rule and at the same time PDCP COUNT is set according to the MBS QoS Flow SN.
FFS how the UE is indicated about cells being synchronized (i.e. what information the NW needs to provide to the UE)
Solutions which require COUNT broadcasting via MCCH are not considered
SPS is not supported for multicast reception in RRC_INACTIVE.
RAN2 enables RRC_INACTIVE UE receiving multicast to also receive possible PTM retransmissions initiated by UEs receiving multicast in RRC_CONNECTED.
Allow configuration of drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM for INACTIVE UEs (38.331).
UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM when reception of the transport block has not been successful. FFS the details, e.g. when the timers are started exactly.
This is optional UE capability

In the contribution, the following content is discussed for multicast reception in RRC_INACTIVE state with the related proposals suggested.
(1) [bookmark: OLE_LINK24]CFR configuration
(2) MAC operation
(3) PDCP count continuity

2. CFR configuration
A UE in RRC_INACTIVE state needs to monitor multicast MCCH to obtain the PTM configuration of the multicast session it has joined. Then the UE receives the multicast session according to the PTM configuration of the multicast session. In order to avoid the CFR switching, it’s better that a same CFR is configured for both multicast MCCH and multicast sessions in RRC_INACTIVE state. This same CFR can be named as the inactive multicast CFR.
In order to ensure a UE in RRC_INACTIVE state can receive a multicast session in RRC_INACTVIE state, the inactive multicast CFR can only be CORESET 0, initial DL BWP or contain initial DL BWP with the same SCS and CP type as the initial DL BWP.
In order to ensure that a UE in RRC_INACTIVE state can receive both multicast sessions in RRC_INACTIVE state and broadcast sessions without CFR switching, the inactive multicast CFR and the CFR for broadcast sessions shall meet one of the following conditions:
(1) The two CFRs are same
(2) The inactive multicast CFR contains the CFR for broadcast sessions.
(3) The inactive multicast CFR is contained within the CFR for broadcast sessions.
For condition (2), UE shall work on the inactive multicast CFR in order to avoid the CFR switching. For condition (3), UE shall work on the CFR for broadcast sessions in order to avoid the CFR switching. Due to the fact that the CFR for broadcast sessions is introduced in R17 NR MBS, condition (2) shall be supported. For simplicity, there’s no need to support condition (3).
A multicast session can be provided to both UEs in RRC_CONNECTED state and UEs in RRC_INACTIVE state. A UE in RRC_INACTIVE state can receive the multicast session on the inactive multicast CFR. A UE in RRC_CONNECTED state can receive the multicast session on the inactive multicast CFR if its active BWP contains the inactive multicast CFR. Otherwise it can receive the multicast session on the configured CFR on its active BWP.
Based on the above discussion, the following proposals are suggested.
Proposal 1: The inactive multicast CFR can ONLY be CORESET 0, initial DL BWP or contain initial DL BWP with the same SCS and CP type as the initial DL BWP. The inactive multicast CFR is used for both multicast MCCH and multicast sessions in RRC_INACTIVE state.
Proposal 2: The inactive multicast CFR shall meet one of the following conditions:
(1) It is same as the CFR for broadcast sessions
(2) It contains the CFR for broadcast sessions
3. MAC operation
For a multicast session and the UEs joining the multicast session, if the inactive multicast CFR is only used to send the multicast session with PTM mode to the UEs in RRC_INACTIVE state, neither HARQ feedback nor retransmission are supported for the multicast session on the inactive multicast CFR. The DRX mode of the multicast session on the inactive multicast CFR doesn't support retransmission. Only one HARQ process is needed for receiving the TB of the multicast session. Which HARQ process is used for receiving the TB of the multicast session is left to UE implementation. Under such case, DCI format 4_1 can be used to schedule the multicast session with PTM mode. The UEs receiving the multicast session in RRC_INACTIVE state receive the corresponding PDSCH according to DCI format 4_1 but have no need to send the HARQ feedback according to DCI format 4_1.
For a multicast session and the UEs joining the multicast session, if the active DL BWPs of some RRC_CONNECTED UEs contain the inactive multicast CFR, the inactive multicast CFR can be used to send the multicast session with PTM mode to both RRC_INACTIVE UEs and these RRC_CONNECTED UEs. 
If the inactive multicast CFR is used to send the multicast session with PTM mode to both RRC_INACTIVE UEs and RRC_CONNECTED UEs, the following three cases need to be considered:
Case 1: neither HARQ feedback nor retransmission are used for the multicast session on the inactive multicast CFR
Case 2: HARQ feedback from RRC_CONNECTED UEs configured with the HARQ feedback resource and PTP retransmission to these RRC_CONNECTED UEs are used for the multicast session on the inactive multicast CFR
Case 3: HARQ feedback from RRC_CONNECTED UEs configured with the HARQ feedback resource, PTP retransmission to these RRC_CONNECTED UEs and PTM retransmission to both RRC_CONNECTED UEs and RRC_INACTIVE UEs are used for the multicast session on the inactive multicast CFR
Under case 1, the DRX mode of the multicast session doesn't support retransmission. Only one HARQ process is used by UE for receiving the TB of the multicast session. Which HARQ process is used for receiving the TB of the multicast session is left to UE implementation. DCI format 4_1 can be used to schedule the multicast session with PTM mode. The UEs receiving the multicast session on the inactive multicast CFR receive the corresponding PDSCH according to DCI format 4_1 but have no need to send the HARQ feedback according to DCI format 4_1.
Under case 2, gNB makes the PTP retransmission of a TB of the multicast session based on the HARQ feedback from the corresponding RRC_CONNECTED UE. Correspondingly the DRX mode of the multicast session supports PTP retransmission, which means the DRX mode of the multicast session and the DRX mode of a RRC_CONNECTED UE with the HARQ feedback resource are bound together to support the PTP retransmission to the UE. gNB needs to determine the number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) used for the multicast session because several parallel HARQ processes are needed by the multicast session for the PTP retransmission of a TB. The number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) used for the multicast session are only applied to RRC_CONNECTED UEs configured with the HARQ feedback resource because they need to receive the PTP retransmission of a TB. DCI format 4_1 can be used to schedule the multicast session with PTM mode. The UEs receiving the multicast session on the inactive multicast CFR receive the corresponding PDSCH according to DCI format 4_1. But only RRC_CONNECTED UEs configured with the HARQ feedback resource need to send the HARQ feedback according to DCI format 4_1.
Under case 3, gNB makes the PTP/PTM retransmission of a TB of the multicast session based on the HARQ feedbacks from RRC_CONNECTED UEs configured with the HARQ feedback resource. Correspondingly the DRX mode of the multicast session supports PTP/PTM retransmission. gNB needs to determine the number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) used for the multicast session because several parallel HARQ processes are needed by the multicast session for the PTP/PTM retransmission of a TB. The number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) used for the multicast session are applied to the UEs receiving the multicast session on the inactive multicast CFR. The RRC_CONNECTED UEs with the HARQ feedback resource need to receive the PTP/PTM retransmission of a TB. The RRC_CONNECTED UEs without the HARQ feedback resource and RRC_INACTIVE UEs need to receive the PTM retransmission of a TB. DCI format 4_1 can be used to schedule the multicast session. The UEs receiving the multicast session on the inactive multicast CFR receive the corresponding PDSCH according to DCI format 4_1. But only RRC_CONNECTED UEs configured with HARQ feedback resource need to send the HARQ feedback according to DCI format 4_1.
When the DRX mode of a multicast session on the inactive multicast CFR provides no PTM retransmission, it has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
When the DRX mode of a multicast session on the inactive multicast CFR provides the PTM retransmission, it has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
-	drx-RetransmissionTimerDL-PTM (per DL HARQ process for MBS multicast): the maximum duration until a DL multicast retransmission is received;
-	drx-HARQ-RTT-TimerDL-PTM (per DL HARQ process for MBS multicast): the minimum duration before a DL multicast assignment for HARQ retransmission is expected by the MAC entity.
A RRC_CONNECTED UE operates the DRX mode of a multicast session on the inactive multicast CFR in the same way as specified in 3GPP TS38.321 section 5.7b. A RRC_INACTIVE UE operates the DRX mode of a multicast session on the inactive multicast CFR as below:
1>	if a drx-HARQ-RTT-TimerDL-PTM (if present) expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL-PTM.
1>	if a DRX Command MAC CE indicated by PDCCH addressed to a G-RNTI is received:
2>	stop drx-onDurationTimerPTM of the DRX for this G-RNTI;
2>	stop drx-InactivityTimerPTM of the DRX for this G-RNTI.
1>	if [(SFN × 10) + subframe number] modulo (drx-LongCycle-PTM) = drx-StartOffset-PTM:
2>	start drx-onDurationTimerPTM after drx-SlotOffsetPTM slots from the beginning of the subframe.
1>	if the MAC entity is in Active Time for this G-RNTI:
2>	monitor the PDCCH for this G-RNTI;
2>	if the PDCCH indicates a DL multicast transmission:
3>	if PTM retransmission is enabled for the DRX mode:
4>	start the drx-HARQ-RTT-TimerDL-PTM for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback although UE has no true transmission carrying the DL HARQ feedback;
4> stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
2>	if the PDCCH indicates a new multicast transmission for this G-RNTI:
3>	start or restart drx-InactivityTimerPTM in the first symbol after the end of the PDCCH reception.
Based on the above discussion, the following proposals are suggested:
Proposal 3: For a multicast session on the inactive multicast CFR, if the multicast session has no PTM retransmission, the DRX mode of the multicast session has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
Proposal 4: For a multicast session on the inactive multicast CFR, if the multicast session supports the PTM retransmission, the DRX mode of the multicast session has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
-	drx-RetransmissionTimerDL-PTM (per DL HARQ process for MBS multicast): the maximum duration until a DL multicast retransmission is received;
-	drx-HARQ-RTT-TimerDL-PTM (per DL HARQ process for MBS multicast): the minimum duration before a DL multicast assignment for HARQ retransmission is expected by the MAC entity.
Proposal 5: For a multicast session on the inactive multicast CFR, if the multicast session supports the PTP and/or PTM retransmission, gNB configures the number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) for the multicast session. 
Proposal 6: RRC_INACTIVE UEs operates the DRX mode of the multicast session on the inactive multicast CFR as below:
1>	if a drx-HARQ-RTT-TimerDL-PTM (if present) expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL-PTM.
1>	if a DRX Command MAC CE indicated by PDCCH addressed to a G-RNTI is received:
2>	stop drx-onDurationTimerPTM of the DRX for this G-RNTI;
2>	stop drx-InactivityTimerPTM of the DRX for this G-RNTI.
1>	if [(SFN × 10) + subframe number] modulo (drx-LongCycle-PTM) = drx-StartOffset-PTM:
2>	start drx-onDurationTimerPTM after drx-SlotOffsetPTM slots from the beginning of the subframe.
1>	if the MAC entity is in Active Time for this G-RNTI:
2>	monitor the PDCCH for this G-RNTI;
2>	if the PDCCH indicates a DL multicast transmission:
3>	if PTM retransmission is enabled for the DRX mode:
4>	start the drx-HARQ-RTT-TimerDL-PTM for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback although UE has no true transmission carrying the DL HARQ feedback;
4> stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
2>	if the PDCCH indicates a new multicast transmission for this G-RNTI:
3>	start or restart drx-InactivityTimerPTM in the first symbol after the end of the PDCCH reception.
Proposal 7: For a multicast session on the inactive multicast CFR, DCI format 4_1 can be used to schedule the multicast session. The UEs receiving the multicast session on the inactive multicast CFR receive the corresponding PDSCH according to DCI format 4_1. But only RRC_CONNECTED UEs with the HARQ feedback resource send the HARQ feedback according to DCI format 4_1. 


4. PDCP count continuity
In order to support the PDCP count continuity, it's better to map different QoS flows of a multicast session onto different MRBs. That is, the one-to-one mapping between QoS flows and MRBs is supported for a multicast session. The PDCP count value of each PDCP SDU on a MRB is same as the SN of the corresponding QoS flow. In order to make UE know whether or not the PDCP count continuity is available for a multicast session, the indicator of 1 bit long is included as a part of the PTM configuration of the multicast session.
Based on the above discussion, the following proposal is suggested.
Proposal 8: In order to support the PDCP count continuity, the one-to-one mapping between QoS flows of a multicast session and MRBs are supported. The PDCP count value of each PDCP SDU on a MRB is same as the SN of the corresponding QoS flow.
Proposal 9: The indicator of 1 bit long is included as a part of the PTM configuration of the multicast session.

5. Conclusion
Based on the discussion in the former sections, the following proposals are suggested.
Proposal 1: The inactive multicast CFR can ONLY be CORESET 0, initial DL BWP or contain initial DL BWP with the same SCS and CP type as the initial DL BWP. The inactive multicast CFR is used for both multicast MCCH and multicast sessions in RRC_INACTIVE state.
Proposal 2: The inactive multicast CFR shall meet one of the following conditions:
(1) It is same as the CFR for broadcast sessions
(2) It contains the CFR for broadcast sessions

Proposal 3: For a multicast session on the inactive multicast CFR, if the multicast session has no PTM retransmission, the DRX mode of the multicast session has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
Proposal 4: For a multicast session on the inactive multicast CFR, if the multicast session supports the PTM retransmission, the DRX mode of the multicast session has the following parameters:
-	drx-onDurationTimerPTM: the duration at the beginning of a DRX cycle;
-	drx-SlotOffsetPTM: the delay in slots before starting the drx-onDurationTimerPTM;
-	drx-InactivityTimerPTM: the duration after the PDCCH occasion in which a PDCCH indicates a new DL multicast transmission for the MAC entity;
-	drx-LongCycleStartOffsetPTM: the long DRX cycle drx-LongCycle-PTM and drx-StartOffset-PTM which defines the subframe where the long DRX cycle starts;
-	drx-RetransmissionTimerDL-PTM (per DL HARQ process for MBS multicast): the maximum duration until a DL multicast retransmission is received;
-	drx-HARQ-RTT-TimerDL-PTM (per DL HARQ process for MBS multicast): the minimum duration before a DL multicast assignment for HARQ retransmission is expected by the MAC entity.
Proposal 5: For a multicast session on the inactive multicast CFR, if the multicast session supports the PTP and/or PTM retransmission, gNB configures the number of the HARQ processes (P) and HARQ process offset (HARQprocessOffset) for the multicast session. 
Proposal 6: RRC_INACTIVE UEs operates the DRX mode of the multicast session on the inactive multicast CFR as below:
1>	if a drx-HARQ-RTT-TimerDL-PTM (if present) expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL-PTM.
1>	if a DRX Command MAC CE indicated by PDCCH addressed to a G-RNTI is received:
2>	stop drx-onDurationTimerPTM of the DRX for this G-RNTI;
2>	stop drx-InactivityTimerPTM of the DRX for this G-RNTI.
1>	if [(SFN × 10) + subframe number] modulo (drx-LongCycle-PTM) = drx-StartOffset-PTM:
2>	start drx-onDurationTimerPTM after drx-SlotOffsetPTM slots from the beginning of the subframe.
1>	if the MAC entity is in Active Time for this G-RNTI:
2>	monitor the PDCCH for this G-RNTI;
2>	if the PDCCH indicates a DL multicast transmission:
3>	if PTM retransmission is enabled for the DRX mode:
4>	start the drx-HARQ-RTT-TimerDL-PTM for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback although UE has no true transmission carrying the DL HARQ feedback;
4> stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process;
2>	if the PDCCH indicates a new multicast transmission for this G-RNTI:
3>	start or restart drx-InactivityTimerPTM in the first symbol after the end of the PDCCH reception.
Proposal 7: For a multicast session on the inactive multicast CFR, DCI format 4_1 can be used to schedule the multicast session. The UEs receiving the multicast session on the inactive multicast CFR receive the corresponding PDSCH according to DCI format 4_1. But only RRC_CONNECTED UEs with the HARQ feedback resource send the HARQ feedback according to DCI format 4_1.

Proposal 8: In order to support the PDCP count continuity, the one-to-one mapping between QoS flows of a multicast session and MRBs are supported. The PDCP count value of each PDCP SDU on a MRB is same as the SN of the corresponding QoS flow.
Proposal 9: The indicator of 1 bit long is included as a part of the PTM configuration of the multicast session.
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