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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services has been agreed in [1] with the objectives including: 
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
Rel-17 work specified multicast reception for UEs in RRC_CONNECTED state, whereas Rel-18 WID targets especially cells with a large number of UEs. In addition to the varied limitations on the network side for keeping all UEs receiving a multicast session in RRC_CONNECTED state, receiving multicast transmission in RRC_INACTIVE state by the UEs is assumed to be more power efficient [1]. 
In this paper, we provide an analysis of the user plane aspects to operate the feature of multicast reception in RRC_INACTIVE state. Note that relevant aspects on configuration aspects, mobility, RRC state changes and notifications are provided under our companion paper [2].
2	Multicast Reception in RRC_INACTIVE State via SPS

Semi-Persistent Scheduling (SPS) is supported for MBS multicast in Rel-17 for RRC_CONNECTED mode allowing the network to send some periodic MBS multicast services without PDCCH. In Rel-18, MBS multicast is supported also in RRC_INACTIVE and the intention is to use same PTM transmission for UEs in RRC_CONNECTED and UEs in RRC_INACTIVE. 
In the first RAN2 meeting on Rel-18 MBS, the following agreements were made [3]:
It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this.
The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).
If SPS is not supported for RRC_INACTIVE, then it would imply that SPS cannot be used in RRC_CONNECTED either in case the gNB allows MBS multicast reception in RRC_INACTIVE. This would create problems for backwards compatibility.
Observation 1: If SPS is not supported for UEs in RRC_INACTIVE state, it would imply that SPS cannot be used for UEs in RRC_CONNECTED state, which would create backwards compatibility issues with Rel-17 UEs.
Proposal 1: Support SPS for MBS multicast also in RRC_INACTIVE.
In Rel-17, a UE in RRC_CONNECTED state provides HARQ feedback when SPS activation is received. That way, the gNB can understand whether SPS activation had been successfully received by all UEs. Even in case NACK-only feedback is configured to the UE, UE replies with ACK/NACK feedback against SPS activation. 
UEs in RRC_INACTIVE cannot send feedback, therefore, is it not possible for UEs in RRC_INACTIVE to acknowledge SPS activation/deactivation DCI. Thus, the network does not know whether a UE in RRC_INACTIVE is receiving the SPS transmissions sent without PDCCH. In order to increase the probability of receiving an SPS activation/deactivation, the network can repeat it.
Observation 2: Network can repeat SPS activation/deactivation DCI to increase the probability that all UEs in RRC_INACTIVE receive it.
When a UE in RRC_CONNECTED state moves and is handed over to a cell where SPS has already been activated, the network is aware of that and can repeat the SPS activation. 
If a UE in RRC_INACTIVE is moving and reselects a cell where SPS reception has been activated, the UE cannot receive the SPS transmissions since the UE does not know the time/frequency resources, MCS, etc., and the network does not know that a new UE entered the cell and thus cannot repeat the SPS activation. The UE would be monitoring the configured G-CS-RNTI trying to receive an SPS activation. The UE can then receive PDCCH/DCI indicating SPS retransmission and can thus notice that SPS for that G-CS-RNTI has been activated in the cell. However NW does not have knowledge that UE is missing SPS activation. Therefore, we propose RAN2 to study how to enable NW to know that UE receiving multicast in RRC_INACTIVE is missing SPS activation, e.g.,that UEs in RRC_INACTIVE could request reactivation of the SPS. 
Observation 3: When UE in RRC_CONNECTED is handed over to a cell where SPS reception has been activated, the gNB can repeat the SPS activation. When UE in RRC_INACTIVE reselects a cell where SPS reception has been activated, the gNB does not know it and therefore, cannot repeat the SPS activation.
Observation 4: UE reselecting a new cell in RRC_INACTIVE may receive SPS retransmissions and thus notice the SPS has been activated in that cell but the UE cannot receive the SPS transmissions without activation.
Proposal 2: Study how one would enable NW to know UE receiving multicast in RRC_INACTIVE is missing SPS activation.


3	DRX with Multicast Reception in RRC_INACTIVE State 
DRX is supported for MBS multicast reception in RRC_CONNECTED state and for MBS broadcast in all RRC states. There are proposals that DRX for MBS multicast in RRC_INACTIVE should follow DRX for MBS broadcast since UEs in RRC_INACTIVE cannot send feedback. DRX for MBS broadcast does not support drx-HARQ-RTT-TimerDL-PTM or drx-RetransmissionTimerDL-PTM since HARQ retransmissions are not supported.
However, if MBS multicast is received by UEs in both RRC_CONNECTED and RRC_INACTIVE and especially if the PTM configuration is the same, i.e., same PTM transmission is received in both RRC states, then UEs in RRC_CONNECTED state send HARQ feedback and the network may retransmit the packets using PTM transmission. In that case, it is beneficial for the UEs in RRC_INACTIVE state to be able to receive the potential HARQ retransmissions requested by UEs in RRC_CONNECTED state.
Proposal 3: RAN2 enables RRC_INACTIVE UE receiving multicast to also receive possible retransmission initiated by UEs receiving multicast in RRC_CONNECTED.
Proposal 4: DRX for MBS multicast in RRC_INACTIVE should be based on DRX for MBS multicast in RRC_CONNECTED.
Since PTP transmissions are not supported in RRC_INACTIVE, drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL are not really required to be started.
Proposal 5: UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM as specified in 38.321 but need not start drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL.


4	Conclusion
This document has made the following observations:
Observation 1: If SPS is not supported for UEs in RRC_INACTIVE state, it would imply that SPS cannot be used for UEs in RRC_CONNECTED state, which would create backwards compatibility issues with Rel-17 UEs.
Observation 2: Network can repeat SPS activation/deactivation DCI to increase the probability that all UEs in RRC_INACTIVE receive it.
Observation 3: When UE in RRC_CONNECTED is handed over to a cell where SPS reception has been activated, the gNB can repeat the SPS activation. When UE in RRC_INACTIVE reselects a cell where SPS reception has been activated, the gNB does not know it and therefore, cannot repeat the SPS activation.
Observation 4: UE reselecting a new cell in RRC_INACTIVE may receive SPS retransmissions and thus notice the SPS has been activated in that cell but the UE cannot receive the SPS transmissions without activation.

And proposed the following:
Proposal 1: Support SPS for MBS multicast also in RRC_INACTIVE.
Proposal 2: Study how one would enable NW to know UE receiving multicast in RRC_INACTIVE is missing SPS activation.
Proposal 3: RAN2 enables RRC_INACTIVE UE receiving multicast to also receive possible retransmission initiated by UEs receiving multicast in RRC_CONNECTED.
Proposal 4: DRX for MBS multicast in RRC_INACTIVE should be based on DRX for MBS multicast in RRC_CONNECTED.
Proposal 5: UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM as specified in 38.321 but need not start drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL.
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