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1	Introduction
The topic of connected mode mobility between MBS supporting and non-supporting RAN nodes has been discussed and several solutions have been proposed. This document provides the description of overall connected mode mobility procedures for both cases: mobility from supporting to non-supporting node and mobility from non-supporting to supporting node. Proposals are made for required modifications of the standard to make the mobility lossless and duplicate free.
2	Discussion
2.1	Mobility from supporting to non-supporting node
Two solutions for lossless and duplicate free mobility from supporting to non-supporting node were proposed. The first solution relies on switching to DRB in the source and then performing DRB handover. The issues with this approach are that the switching to a DRB before handover may delay a handover and early switching to a DRB diminishes the benefits of PTM. The second solution proposes to perform the change from MRB to DRB during handover which addresses the issues of the first solution. In order to perform the change from MRB to DRB without full reconfiguration and thus support lossless handover, the network configures a “deactivated/dormant” DRB which is signalled to the target in the HandoverPreparationInformation, see details in [1].
Observation:  The change of MRB to DRB before handover may delay handover and early switching to a DRB may diminish PTM benefits. 
Proposal 1: If lossless handover from supporting to non-supporting node should be supported then the change from MRB to DRB should be performed during handover based on the configuration of “deactivated/dormant” DRB in source.
The source node should configure DRB and MRB according to the QoS flow information of the PDU session and MBS session received from the core network. As proposed in [2], an association between an MBS QoS flow and a unicast QoS flow may be signalled to RAN if the CN decides to configure an associated unicast QoS flow, i.e., in case when mobility to non-supporting nodes is required. The configuration of an MRB and a dormant DRB is shown on Figure 2.1-1. Over NG interface, the MBS QoS flow configuration information includes the value of associated unicast QoS flow, which is QFI 3 in the given example. 
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 Figure 2.1-1: Dormant DRB and MRB Configuration
It should be noted that the UE is not aware of the QoS flow mapping because the SDAP configuration of dormant DRB and MRB does not include the mapping information as these are downlink QoS flows. However, the UE must know the relation between the dormant DRB and the MRB so that it will be able to perform the switching from MRB to DRB during the handover and re-establish the PDCP entity for the DRB. The radio bearer configuration of MRB should, therefore, include the DRB ID of the dormant DRB. 
Proposal 2: For the purpose of MRB to DRB switching during a handover to non-supporting node, the MRB configuration shall include the identity of the associated “dormant” DRB.
We assume Xn handover in the following description. When the source node sends Handover Request to a non-supporting target node, the content of Handover Request shall indicate the associated unicast QoS flow (i.e. QFI 3) in the list of QoS flows to be setup. The source node shall request data forwarding for the associated QoS flow (i.e. QFI 3) and indicate the source DRB to be mapped to the associated unicast QoS flow (i.e. DRB 5 mapped to QFI 3 in this example). The HandoverPreparationInformation should not include MRB configuration in order to avoid full configuration [1].
If the non-supporting target node admits the associated QoS flow, the node indicates in the Handover Request Acknowledge that the associated QoS flow has been admitted for forwarding and include the “dormant” DRB in the list of Data Forwarding Response DRB Items with the downlink tunnel information. Obviously, the handover command from the target node will not include MRB configuration. The lack of MRB configuration will cause the UE to perform the switch from MRB to DRB, i.e. to release MRB and configure the dormant DRB reestablishing the PDCP entity according to the associated MRB.
The source node continues to receive multicast data over N3mb and, if other UEs are present in the source cell, serving the multicast data over PTP or PTM in the source cell. The source node also forwards MRB PDCP SDUs to target DRB.
When the target node requests the path switch, the indication of MBS support, which has been agreed in RAN3, will be missing causing the core network to establish individual delivery to the non-supporting target node. When the UPF is successfully configured for the individual delivery, the UPF sends on N3 tunnel to the source node the core network sequence number of the last packet that should be forwarded from N3mb or the core network sequence number corresponding to the first packet transmitted to the target node. Thus, the source node knows when to stop forwarding from N3mb, generate the end marker for the DRB. 
Proposal 3: The source RAN node should receive either the CN SN of the last N3mb packet to be forwarded to the target node or the CN SN corresponding to the first packet sent to the target node in order to determine when forwarding from N3mb to the DRB should be terminated and generate the end marker.
The overall procedure of handover from supporting to non-supporting node is depicted on Figure 2.1-2.
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Figure 2.1-2: Handover to non-supporting node
2.2	Mobility from non-supporting to supporting node
The mobility from non-supporting to supporting node has no impact on the handover procedure except for the provisioning of MBS support to the SMF, e.g., in the Path Switch request during Xn handover. The switch from DRB to MRB happens in the supporting target node. The supporting target node receives the request for modification of the PDU resources from the SMF, which initiates the request based on the received indication of MBS support from the supporting target node. The challenge here is to make the switching from DRB to MRB and from the 5GC individual MBS traffic delivery to the 5GC shared MBS traffic delivery lossless and duplicate free. The overall procedure is illustrated on Figure 2.2-1.
After the handover, the data for the DRB that serves the associated QoS flow is received over UE’s individual N3 tunnel. When the supporting target node receives the PDU Session Resource Modify Request which includes multicast MBS session with its MBS QoS flows and the information about the associated unicast QoS flows, the target node establishes the N3mb for the 5GC shared MBS traffic delivery if the N3mb is not established yet. After the establishment of N3mb, the target node receives two copies of multicast data. The target node must be able to identify which PDU received on N3 of the associated unicast QoS flow (i.e. QFI 3 in the example above) correspond to PDU received on N3mb for the multicast QoS flow (i.e. QFI 63 in the example above). The possible solution is to configure the MB-UPF and UPF to forward the PDUs in the 5GC individual MBS traffic delivery with the core network sequence number (see CN SN1 in Figure 2.2-1). 
When the target node knows the relation between the PDUs received over N3 for the associated unicast QoS flow and N3mb for the MBS QoS flow, the target node can safely reconfigure UE by adding MRB and releasing DRB provided (step 10) that data scheduled on DRB are not going to be scheduled on MRB (i.e. PDCP PDU of DRB should carry CN SN1 and the first PDCP PDU of MRB the UE will be able to receive should carry CN SN2, and CN SN1 < CN SN2). If there is a gap between CN SN1 and CN SN2, the target node can use the PTP leg of MRB to “catch up” with PTM transmission.
The network will stop the 5GC individual MBS traffic delivery using the associated QoS Flow upon the reception of PDU Session Resource Modify response which may include and explicit indication for this purpose.
Proposal 4: The core network shall provide core network sequence number for the PDUs of the associated unicast QoS flows that are received over UE’s N3 (i.e. 5GC individual MBS traffic delivery) to the supporting RAN nodes. 
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Figure 2.2-1: Handover from non-supporting node
4	Conclusion
This document described solutions to lossless and duplicate free connected mode mobility procedures involving MBS non-supporting RAN nodes. The required changes are identified and captured in the following observations and proposals
Observation:  The change of MRB to DRB before handover may delay handover and early switching to a DRB may diminish PTM benefits. 
Proposal 1: If lossless handover from supporting to non-supporting node should be supported then the change from MRB to DRB should be performed during handover based on the configuration of “deactivated/dormant” DRB in source.
Proposal 2: For the purpose of MRB to DRB switching during a handover to non-supporting node, the MRB configuration shall include the identity of the associated “dormant” DRB.
Proposal 3: The source RAN node should receive either the CN SN of the last N3mb packet to be forwarded to the target node or the CN SN corresponding to the first packet sent to the target node in order to determine when forwarding from N3mb to the DRB should be terminated and generate the end marker.
Proposal 4: The core network shall provide core network sequence number for the PDUs of the associated unicast QoS flows that are received over UE’s N3 (i.e. 5GC individual MBS traffic delivery) to the supporting RAN nodes. 
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