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1. Introduction
On the communication over F1 and E1 interfaces for MBS, there are several aspects need to be further discussed.
In this document we provide our views on the Multicast Data Forwarding and F1-U Tunnel aspects.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 F1-U Tunnel establishment for the catch up of packets over the ptp leg
In RAN3#116-e meeting, it was agreed that -	For PTP Retransmission F1-U tunnel establishment, gNB-CU provides an indication on the need of the PTP retransmission F1 tunnel via F1AP UE Context Management related messages. But it is not clear how does the target gNB-CU tell target gNB-DU that it needs a dedicated F1-U tunnel for the catch up of packets over the ptp leg.
Although we think that it is better to setup the PTP forwarding tunnel directly via the UE associated messages, but considering that the F1-U tunnel establishment for multicast is triggered by the gNB-DU, it is fine for us to use the similar solution as the PTP retransmission tunnel establishment, i.e. introduce a new PTP forwarding F1-U tunnel required indication in the F1AP UE Context Management related messages:
	UE Multicast MRB to Be Setup List
	
	0..1
	
	

	>UE Multicast MRB to Be Setup Item IEs
	
	1 .. <maxnoofMRBsforUE> 
	
	

	>>MRB ID
	M
	
	9.3.1.224
	MRB ID for the UE.

	>>MBS PTP Retransmission Tunnel Required
	O
	
	9.3.2.10
	

	>>MBS PTP Forwarding Tunnel Required
	O
	
	9.3.2.xx
	


Proposal 1: introduce a new MBS PTP Forwarding Tunnel Required IE in the F1AP UE Context Management related messages.
2.2 Update of the F1-U Context Descriptor
In RAN3#116-e meeting, there are two proposals on the update of F1-U Context Descriptor aspects:
R3-223074/5: 
· In current Multicast Distribution Setup/Release related messages, both the gNB-CU/DU MBS F1AP ID pair and the MBS Multicast F1-U Context Descriptor IE are included in all the messages, as the gNB-CU/DU MBS F1AP ID pair value is there, and the value of the MBS Multicast F1-U Context Descriptor IE should not be updated, it is better to only keep the MBS Multicast F1-U Context Descriptor IE in the DISTRIBUTION SETUP REQUEST message, and remove it in other messages.
· [bookmark: _Hlk108450886]Remove the MBS Multicast F1-U Context Descriptor IE in the MULTICAST DISTRIBUTION SETUP RESPONSE, MULTICAST DISTRIBUTION SETUP FAILURE, MULTICAST DISTRIBUTION RELEASE COMMAND and MULTICAST DISTRIBUTION RELEASE COMPLETE messages.
R3-223944:
· The current definition of the MBS Multicast F1-U Context Descriptor IE is not suitable to be included into all Multicast Distribution messages, where a simple reference would be sufficient. Moreover, including a UE/cell specific reference would require such reference to be updated in case of intra-DU mobility, which causes unnecessary signalling.
· Reducing the content of the MBS Multicast F1-U Context Descriptor IE to a 3-octet reference which may include in addition an MBS Area Session ID (to indicate which location dependent content needs to be provided) and an indication whether a ptp F1-U context needs to be established for retransmission.
These two proposals are not conflict with each other, in this section, we discuss them one by one.
For the proposal to remove the MBS Multicast F1-U Context Descriptor IE in many messages, after further analyses, although the Descriptor is not intended to be updated, and there is gNB-CU/DU MBS F1AP ID pair in all related messages, but different Descriptors are used to distinguish different F1-U tunnels, therefore it is not needed to remove the IE in the listed messages as proposed in 3074/75.
For the proposal in 3944 to define the Descriptor as a 3-octet reference, the UE reference will be removed by this solution, but as discussed in proposal 3, there is a need to indicate from DU to CU and from CU-CP to CU-UP to indicate that this tunnel is established for a specific UE to transmitting the catch up (forwarding/gap)  data packets. And the UE reference is also needed when the gNB-CU-CP retrieve the MBS Progress from the gNB-CU-UP in case UE dedicated F1-U tunnel is established for ptp only MRB.
Proposal 2-1: add a new ptp forwarding branch in the MBS Multicast F1-U Context Descriptor IE, to establish the tunnel for a specific UE to transmit the catch up (forwarding/gap) data packets, in both F1AP and E1AP specifications.  
	IE/Group Name
	Presence

	CHOICE F1-U Context Type
	M

	>per DU
	

	>>Per DU
	M

	>per NR CGI
	

	>>DU Cell Index
	M

	>>NR CGI
	M

	>per MBS Area Session ID
	

	>>MBS Area Session ID
	M

	>ptp retransmission
	

	>>MBS PTP UE Reference
	M

	>ptp-only MRB
	

	[bookmark: _Hlk97041956]>>MBS PTP UE Reference
	M

	>ptp forwarding
	

	>>MBS PTP UE Reference
	M


On the other hand, as mentioned by the R3-223944, current PTP UE Reference uses the Cell ID and the C-RNTI of the UE, it may require such reference to be updated in case of intra-DU mobility, in our view, if such reference is not updated in case of intra-DU mobilty, it can still work, but it requires the DU to not allocate the C-RNTI to other UE in case the UE is still served by the DU. 
· Option 1: update MBS PTP UE Reference from “C-RNTI + Cell Index” to F1AP UE ID pair.
· Option 2: keep using MBS PTP UE Reference as “C-RNTI + Cell Index” for a UE, DU does not reallocate the C-RNTI to other UEs when the UE is still serviced by the DU.
Consdiering of these two options, it is better to update the PTP UE Reference to the F1AP UE ID pair, which does not need to be updated during intra-DU mobility, and no limiation to the C-RNTI allocation at the DU.
Proposal 2-2: use F1AP UE ID pair as the PTP UE Reference used in the MBS Multicast F1-U Context Descriptor IE in F1AP and E1AP.
2.3 Data Forwarding between MBS supporting nodes
During Handover preparation, the source gNB and the target gNB exchanges their MBS Progress for the MRB, and the per MRB data forwarding tunnels are established, in case of CP UP separation architecture, the gNB-CU-CP needs to retrieve the MBS Progress from the gNB-CU-UP
From the target gNB point of view, it needs to provide the PDCP SN of the oldest packet available at the target NG-RAN node for the MRB, therefore the gNB-CU-UP only needs to provide the SN of the oldest packet available at its own side to the gNB-CU-CP, and this is a per MRB information, not UE specific information.
Observation 3-1: the target gNB-CU-CP needs to retrieve the MBS progress of the oldest packet available from the target gNB-CU-UP, target gNB-CU-UP starts to buffer the data if not yet started.
From the source gNB-CU-CP point of view, it needs to retrieve the MRB Progress Information which includes the PDCP SN information of the last packet which has already been delivered to the UE for the MRB, from gNB-CU-UP point of view, for some UEs, the packets are transmitted via the per DU/Cell F1-U tunnel, for some other UEs, the packets are transmitted via PTP only F1-U tunnel, therefore this MBS Progress Information from source gNB is a UE specific information. 
Based on current F1-U tunnel mechanism, to retrieve the per UE MBS Progress Information, the gNB-CU-CP needs to provide the following information to the gNB-CU-UP.
· In case the packets transmitted to the UE are delivered via per DU F1-U shared tunnel, the gNB-CU-CP needs to provide the information about the per DU F1-U shared tunnel, e.g. gNB-CU-CP MBS E1AP ID and gNB-CU-UP MBS E1AP ID pair
· In case the packets transmitted to the UE are delivered via per cell F1-U shared tunnel, the gNB-CU-CP needs to provide the cell information, e.g. reuse the cell reference in the MBS Multicast F1-U Context Descriptor IE
· In case the packets transmitted to the UE are delivered via per UE PTP only MRB tunnel, the gNB-CU-CP needs to provide the UE reference, e.g. reuse the MBS PTP UE Reference in the MBS Multicast F1-U Context Descriptor IE.
Observation 3-2: to retrieve the per UE MBS Progress Information, the source gNB-CU-CP needs to provide the information of the F1-U tunnel which carries the packets transmitted to the specific UE, e.g. the MBS Multicast F1-U Context Descriptor IE. 
For data forwarding between MBS supporting nodes, from the Source gNB-CU-UP point of view, it needs to get the per MRB data forwarding addresses, and the PDCP SN of the oldest packet available at the target gNB side. 
Observation 3-3: the source gNB-CU-CP needs to provide the per MRB “data forwarding address” and the “MBS progress information of the oldest packet available at the target” to the source gNB-CU-UP.
From the Target gNB-CU-UP point of view, it needs to get the last delivered packet PDCP SN from source, and then compare it with the oldest packet available at its own side, then make decision on whether Xn-U data forwarding is needed, and provide the Xn-U data forwarding address if needed. Upon receiving the packets from the Xn-U data forwarding tunnel, the target gNB-CU-UP also needs to transmit the packets via the F1-U forwarding tunnels. Note that Xn-U forwarding tunnel may only be established once in case multiple UEs are handed over towards to the same target in a short period.
Observation 3-4: the target gNB-CU-CP needs to provide the last delivered packet PDCP SN to the target gNB-CU-UP, to enable the target gNB-CU-UP making decision on whether Xn-U data forwarding is needed.
Observation 3-5: the target gNB-CU-UP needs to provide the Xn-U data forwarding address in case it is needed, and then link the Xn-U data forwarding tunnel and the per UE F1-U forwarding tunnel.
Considering the possibility that different gNB-CU-UPs are used for MBS session and PDU session, it is hard to reuse existing UE associated E1AP: Bearer Context Management procedures. Therefore, it is better to update existing E1AP: MC Bearer Context Modification procedure and related messages to support MBS data forwarding.
Proposal 3: update existing E1AP: MC Bearer Context Modification procedure and related messages to support multicast data forwarding, including MBS progress retrieve and forwarding tunnel establishment.
2.4 Mobility between Supporting node and non-supporting node
During the mobility from supporting node to non-supporting node, during data forwarding, the source NG-RAN node changes the QFI(s) in the forwarded packets to the associated unicast QFI(s), therefore the source gNB-CU-UP has to know the mapping information of the MBS QoS Flow and the associated Unicast QoS Flow.
On the other hand, during the mobility from non-supporting node to supporting node, in case the target gNB-CU-UP for multicast and unicast are the same gNB-CU-UP, the target gNB-CU-UP needs to know the mapping information to identify the packets duplication from shared NG-U tunnel and the unicast NG-U tunnel, therefore, the target gNB-CU-UP also needs to know the mapping information.
Based on the discussion in section 2.3, it is also possible to provide the mapping information to the source gNB-CU-UP via the MC BEARER CONTEXT MODIFICATION REQUEST. As the source gNB-CU-UP actually does not need to care which UE the data is forwarded for, it just needs to understand how to perform the data forwarding.
Proposal 4: update existing MC BEARER CONTEXT MODIFICATION REQUEST to provide the following information from gNB-CU-CP to gNB-CU-UP:
· the mapping information of the MBS QoS Flow and the associated Unicast QoS Flow
· unicast QFI of the QoS Flows Accepted for Data Forwarding
· PDU session level Data forwarding UP TNL Information
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]Based on the discussion in this paper, we propose the following:
Proposal 1: introduce a new MBS PTP Forwarding Tunnel Required IE in the F1AP UE Context Management related messages.
Proposal 2-1: add a new ptp forwarding branch in the MBS Multicast F1-U Context Descriptor IE, to establish the tunnel for a specific UE to transmitting the catch up (forwarding/gap) data packets, in both F1AP and E1AP specifications.  
Proposal 2-2: use F1AP UE ID pair as the PTP UE Reference used in the MBS Multicast F1-U Context Descriptor IE in F1AP and E1AP.
Proposal 3: update existing E1AP: MC Bearer Context Modification procedure and related messages to support multicast data forwarding, including MBS progress retrieve and forwarding tunnel establishment.
Observation 3-1: the target gNB-CU-CP needs to retrieve the MBS progress of the oldest packet available from the target gNB-CU-UP, target gNB-CU-UP starts to buffer the data if not yet started.
Observation 3-2: to retrieve the per UE MBS Progress Information, the source gNB-CU-CP needs to provide the information of the F1-U tunnel which carries the packets transmitted to the specific UE, e.g. the MBS Multicast F1-U Context Descriptor IE. 
Observation 3-3: the source gNB-CU-CP needs to provide the per MRB “data forwarding address” and the “MBS progress information of the oldest packet available at the target” to the source gNB-CU-UP.
Observation 3-4: the target gNB-CU-CP needs to provide the last delivered packet PDCP SN to the target gNB-CU-UP, to enable the target gNB-CU-UP making decision on whether Xn-U data forwarding is needed.
Observation 3-5: the target gNB-CU-UP needs to provide the Xn-U data forwarding address in case it is needed, and then link the Xn-U data forwarding tunnel and the per UE F1-U forwarding tunnel.
Proposal 4: update existing MC BEARER CONTEXT MODIFICATION REQUEST to provide the following information from gNB-CU-CP to gNB-CU-UP:
· the mapping information of the MBS QoS Flow and the associated Unicast QoS Flow
· unicast QFI of the QoS Flows Accepted for Data Forwarding
· PDU session level Data forwarding UP TNL Information
The corresponding F1AP CR and E1AP CR are provided in [1] and [2].
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