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1.
Introduction
This document discusses user plane aspects for support of multicast reception in RRC_INACTIVE state, which is related to the objective of WID of enhancement of NR multicast and broadcast services [1].
	· 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]

…


2.
Discussion
In Rel-17 NR multicast and broadcast services (MBS), MBS multicast is supported only for RRC_CONNECTED UEs while MBS broadcast is supported for UEs in RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. For MBS multicast, it is considered to support a large number of UEs. Therefore, MBS multicast in RRC_INACTIVE is included in an objective of Rel-18 enhancements of MBS. 
In Rel-17, when a UE in RRC_CONNECTED is transited to RRC_INACTIVE multicast MRBs are suspended and PDCP entity suspend is performed. For PDCP entity suspend, the following is performed on the receiving PDCP entity according to TS38.323.

	When upper layers request a PDCP entity suspend, the receiving PDCP entity shall:

-
if t-Reordering is running:

-
stop and reset t-Reordering;

-
deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;

-
set RX_NEXT and RX_DELIV to the initial value.


To receive MBS multicast in RRC_INACTIVE, multicast MRBs which are expected to receive MBS multicast should not be suspended, and PDCP suspend for the multicast MRBs should not be suspended.
Proposal 1
Confirm that a multicast MRB should not be suspended in RRC_INACTIVE if the associated multicast services are on-going.
An MRB can be configured with a PTP leg for a UE in RRC_CONNECTED. However, it is unlikely for PTP transmission to be used for a UE in RRC_INACTIVE. Since the PTP transmission is UE specific and the required resources may be linearly increased as a number of UEs increases, it’s not a feasible method for supporting a large number of UEs in a cell in RRC_INACTIVE. Therefore, it is expected that PTM transmission is only used for MBS multicast in RRC_INACTIVE.  Therefore, the RLC bearer which corresponds to PTP leg is suspended.

Proposal 2
Support suspend of the RLC bearer for PTP leg in RRC_INACTIVE when a multicast MRB is configured with a PTP leg.
PTM transmission may be shared by RRC_CONNECTED UEs and RRC_INACTIVE UEs. For an example, when a UE receives a multicast session via a PTM transmission in RRC_CONNECTED, the PTM transmission may be shared by other RRC_CONNECTE UEs which are interested in the same multicast session. When the UE transits from RRC_CONNECTED state to RRC_INACTIVE state, the UE will share the PTM transmission with other RRC_CONNECTED UEs if the UE keeps receiving the PTM transmission in RRC_INACTIVE. If a multicast MRB is not configured with PTM leg, a bearer type change to configure PTM leg is required to receive the multicast services in RRC_INACTIVE.
Proposal 3
Confirm that a multicast MRB should be configured with a PTM leg during transition to RRC_INACTIVE if the associated multicast services are on-going.
HARQ feedback and retransmission are supported for PTM transmission in RRC_CONNECTED to enhance reliability. In case of HARQ ACK/NACK feedback, a UE specific PUCCH resource is used. With the same reason for no support of PTP transmission in RRC_INACTIVE, it is unlikely to support HARQ ACK/NACK feedback for UEs in RRC_INACTIVE. Therefore, HARQ feedback mode for MBS multicast may be different for RRC_CONNECTED UEs and RRC_INACTIVE UEs. A simple example is that RRC_CONNECTED UEs are configured with HARQ ACK/NACK mode and RRC_INACTIVE UEs are configured with disabled HARQ mode.
In case of HARQ NACK-only feedback, a PUCCH resource for HARQ NACK-only feedback can be shared by UEs receiving the same PTM transmission. In other words, a group common PUCCH resource for HARQ NACK-only feedback may be configured for a group of UEs. Also, it can be shared by RRC_CONNECTED UEs and RRC_INACTIVE UEs which receives the same PTM transmission. If a group common PUCCH resource is configured for a PTM transmission in a cell, RRC_INACTIVE UEs receiving the PTM transmission in the cell can be configured with the PUCCH resource and can send HARQ NACK feedback to the network using the group common PUCCH resource. With no resource overhead or minimized resource overhead, UEs in RRC_INACTIVE may send HARQ NACK-only feedback to the network. It seems acceptable for UEs in RRC_INACTIVE to be configured with a group common PUCCH resource and to send HARQ feedback using the PUCCH resource.
Observation 1
A group common PUCCH resource may be shared by RRC_CONNECTE UEs and RRC_INACTIVE UEs transmitting HARQ NACK-only feedback for the same PTM transmission.

A UE can send HARQ feedback to the network when uplink time is aligned. Maintenance of uplink time alignment in RRC_INACTIVE is already supported for other features such as small data transmission (SDT) and positioning transmission. A TA validity timer (e.g. cg-SDT-TimeAlignmentTimer, inactivePosSRS-TimeAlignmentTimer) and an RSRP threshold for the change of RSRP for time alignment validation. (e.g. cg-SDT-RSRP-ChangeThreshold, inactivePosSRS-RSRP-ChangeThreshold) are used. Similarly, a TA validity timer can be introduced for PTM HARQ NACK-only feedback transmission. If no enhancement of uplink time alignment for RRC_INACTIVE is preferred, it can be considered that the UE sends HARQ feedback when uplink time is aligned for other features.
Observation 2
Maintenance of uplink time alignment for RRC_INACTIVE state is already supported for other features such as SDT and positioning transmission.
If HARQ NACK-only feedback transmission using group common PUCCH is allowed to be transmitted in RRC_INACTIVE, a UE can transmit HAQR NACK-only feedback to the network when uplink time is expected to be aligned. Since maintenance of uplink time alignment is already supported in RRC_INACTIVE for other features, a UE can exploit it to send HARQ feedback. Even without additional effort for enhancing maintenance of uplink time alignment, reliability of PTM transmission in RRC_INACITVE can be enhanced. If enhancing reliability of multicast in RRC_INACTIVE is helpful to support a large number of multicast UEs in a cell, some enhancements of uplink time alignment in RRC_INACTIVE can be discussed. Activation and deactivation of HARQ feedback for PTM transmission can be determined based on the QoS requirement (e.g. reliability) of the associated multicast services.
Based on the HARQ NACK-only feedback, the network can schedule PTM retransmissions for RRC_INACTIVE UEs and the UE can receive the PTM retransmissions.

Proposal 4
Support HARQ NACK-only feedback and PTM retransmission for UEs in RRC_INACTIVE.

3.
Conclusion
In this contribution, the followings are proposed:
Proposal 1
Confirm that a multicast MRB should not be suspended in RRC_INACTIVE if the associated multicast services are on-going.
Proposal 2
Support suspend of the RLC bearer for PTP leg in RRC_INACTIVE when a multicast MRB is configured with a PTP leg.
Proposal 3
Confirm that a multicast MRB should be configured with a PTM leg during transition to RRC_INACTIVE if the associated multicast services are on-going.
Observation 1
A group common PUCCH resource may be shared by RRC_CONNECTE UEs and RRC_INACTIVE UEs transmitting HARQ NACK-only feedback for the same PTM transmission.

Observation 2
Maintenance of uplink time alignment for RRC_INACTIVE state is already supported for other features such as SDT and positioning transmission.
Proposal 4
Support HARQ NACK-only feedback and PTM retransmission for UEs in RRC_INACTIVE.
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