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1. Introduction
In the last RAN3 #114bis e-meeting, we have deeply discussed mobility between MBS supporting node and non-MBS supporting nodes, then we have achieved the following progress.
	RAN3 decided to minimize data loss and agreed on the solution to eliminate duplicates via using the same Core Network Sequence Numbers over both the unicast N3 tunnel and shared N3 tunnel for the multicast related handover from non-MBS supporting gNB to MBS supporting gNB.
To be continued:
Whether MBS supporting or not is exchanged in Xn Setup/Configuration Update.



Additional, SA2 replied RAN3’s query on the MBS data duplicates eliminates during handover between MBS non supporting node and MBS supporting node in  S2-2109351 as below:
	SA2 thanks RAN3 for their LS and wants to provide feedback as requested by RAN3. RAN3 wrote:
During mobility from MBS non-supporting node to MBS supporting node, a legacy handover is performed followed by a switch from individual delivery to shared delivery. The latter switch means a bearer type change from DRB to MRB during which the target gNB could buffer the data received from the shared N3 tunnel in order to re-send them over the MRB RLC PTP leg of the UE to fill the gap. This solution however typically leads to duplicate packets for the UE.
One way for target gNB to eliminate duplicates would simply be if packets sent over the individual delivery unicast N3 could have the same CN SN (Sequence Number) than the same packet sent over the shared N3.
Another possibility would be to rely on the fact that the UP-transmission times on N3 and RAN internal interfaces between individual delivery and shared delivery are fairly aligned and the gap that would be induced is in practice related to the HO process itself only.
ACTION: 	RAN3 kindly ask SA2 whether the SA2 would be fine to accept the HO performance resulting from the 2nd option, otherwise, to comment on the 1st option.

SA2 believes that both options are feasible.




In this paper, we will discuss the left issues on the handover between MBS supporting node and non-MBS supporting node based on the previous RAN3 agreements and reply LS content from SA2. 
2. Discussion
1. 
2. 
2.1. Case 1: From non-MBS supporting to MBS supporting
According to current progress, we provide the following figure 1.


Figure 1：Handover from non-MBS supporting to MBS supporting nodes
Observation 1: For handover from non-MBS supporting to MBS supporting nodes, three phases are included.
Phase 1: Legacy handover procedure includes legacy unicast data forwarding.
Phase 2: In target RAN node, after handover succefully, within a short period, both shared and individual N3 tunnels are activated simultaneously. Both DRB data and MRB data can be transmitted simultaneously (decided by RAN2).
Phase 3: In target RAN node, after DRB reconfigured to MRB successfully, individual N3 tunnel shall be de-activated.
In addition, based on the SA2 LS shown above, SA2 believed that CN SN can be used for the eliminating of the data duplication during HO from MBS non supporting node to MBS supporting node. Hence, a reply LS on RAN3 decides to use the CN SN solution over shared N3 and unicast N3 tunnel for duplicates elimination  is necessary to be sent in this meeting to SA2. RAN3’s response can be found in the draft LS in annex part.
Proposal 1: RAN3 shall consider to use CN SN for duplicates elimination and send reply LS to SA2. 

2.2. Case 2: From MBS supporting to non-MBS supporting 
1. 
2. 
2.1. 
2.2. 
2.2.1. SubCase 2-1: Source awares of the MBS support of the Target before the handover


Figure 2：Handover from MBS supporting to MBS not supporting nodes (Case 2.1)
This sub-case is based on the WA RAN3 made in RAN3#114e:
WA: It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB. 
The handover procedure can be divided into two phases.
Phase 1: Activate DRB  and switch to MBS associated unicast N3 tunnel before handover
Before handover initiation, the source RAN sends NGAP message to AMF for MBS associated unicast N3 tunnel re-activation and activates the DRB to transmit the received MBS data via unicast N3 tunnel. At this time, the source RAN can receive MBS data through both the shared N3 tunnel and unicast N3 tunnel. To minimize the data loss during the shared N3 tunnel and unicast N3 tunnel switching, the source gNB shall re-order the received MBS data(if necessary) based on the gNB implementation and transmit the (re-ordered) MBS data via activated DRB. And at the end of the phase 1, UE can receive the MBS data via DRB and the MBS associated unicast N3 tunnel which is shown in the last step of the phase 1.
Phase 2: Legacy handover procedure
After Phase 1, UE can received the MBS data via unicast N3 tunnel. Hence, the MBS related handover can be treated as a legacy handover procedure in phase 2. No new enhancement is needed. The UE handovers from source RAN to target RAN by using legacy handover procedure and the legacy unicast data forwarding can be used. 
Though either a new NGAP procedure will be introduced or an existing NGAP procedure shall be enhanced for this procedure, compared with activate DRB during handover and data forwarding received via shared N3 tunnel, at least two fundamental advantages can be checked for the above alternative.
1. From mechanism point of view: 
 The enhancement on the end marker of the handover from MBS supporting node to MBS non supporting node(e.g. end marker transmits via either shared N3 tunnel or mapped unicast N3 tunnel ) shall be involved if RAN3 do not prefer to re-use the legacy handover mechanism in this scenario. It is obvious that both RAN3 and other WGs like CT1 or SA2 shall be involved in such enhancement. 
In addition, the GTP-U header issue shall also be considered if RAN3 do not prefer to re-use the legacy HO mechanism in the following scenario(HO from supporting node to non supporting node).  
A UE camps in the source gNB which supports MBS and keeps receiving the MBS data. The MBS data transportation path is shown below:
0. MB-UPF=>shared N3 tunnel=>source gNB=>MRB=>UE
Based on the received measurement reports, the source gNB is going to handover this UE to a target gNB which does not support MBS.  If RAN3 does not use legacy handover, the MBS data transportation path for data forwarding should be:
1. MB-UPF=>shared N3 tunnel=>source gNB=>Xn-U tunnel=>target gNB=>DRB=>UE
And after handover complete, the MBS data transportation path from MB-UPF to UE shall be:
2. MB-UPF=>UPF=>unicast N3 tunnel=>target gNB=>DRB=>UE
The GTP-U header issue may happen in the path #1. It is clear that different GTP-U headers will be used by MB-UPF and UPF. So far in Rel-17, the old version gNB(e.g. Rel-16 or earlier) which does not support NR MBS can not compatible the GTP-U header generated by the MB-UPF.
Observation 2: The old version gNB(Rel-16 or earlier) which does not support NR MBS can not compatible the GTP-U header generated by the MB-UPF.
In path #1, it is MB-UPF’s responsibility to generate the GTP-U header. Then, the MBS data PDU which contains the MB-UPF generated GTP-U header and the MBS data payload will be forwarded to the target gNB via source gNB. Considering the target gNB does not support MBS in this scenario, it can not decode the received MBS data from source gNB with the GTP-U header generated by MB-UPF. 
In another words, though the MBS data payload can be forwarded to the gNBs(source&target), the target gNB can not use the received MBS data which is forwarded via source gNB due to the unreadable GTP-U header generated by MB-UPF.
Meanwhile, if the source node can activate DRB and mapped unicast N3 tunnel before handover, the MBS data transportation path for data forwarding should be :
3. MB-UPF=>UPF=>unicast N3 tunnel=>source gNB=>Xn-U tunnel=>target gNB=>DRB=>UE
As the path shown above, in our alternative, UPF generates the GTP-U header before handover occurs. Based on defined HO mechanism, the UPF can generate proper GTP-U header based on the gNB. Namely, we do not need to worry about the GTP-U header issue before or after the HO in this scenario without cooperating with other WGs to  to solve the GTP-U header issue.
2. From time budget point of view:
As we explained before, multiple WGs shall be involved for  the alternatives other than activate DRB before HO. If RAN3 finally decides to use other alternative(e.g. activate DRB during HO with end marker enhancement),   RAN3 shall send LS to other WGs and ask for their cooperation. However, this meeting is the last meeting for RAN3 on Rel-17 discussion. If relevant WGs like CT1 or SA2 do not share the same view with RAN3 or they need spend some time on discussing the issues explained above(e.g. GTP-U header, end marker), companies in RAN3 will not have enough time on re-discuss a new one.  In an other hand, if RAN3 selects activate DRB before HO, the legacy HO mechanism can be performed. There is neither GTP-U header issue nor end marker issue. The MBS involved handover from MBS supporting node to non MBS supporting node can be handled all by RAN3 itself. What companies need to do is to discuss a NGAP enhancement(either introduce a new one or modify an existing one) in this meeting. Based on our understanding, enhance NGAP MBS Distribution Setup message is a straight forward way to be used for activating the MBS associated unicast N3 tunne before HO. To accelerate the MBS project procedure and complete this part in time, a draft 38.413 TP contains the enhancement of the current MBS Distribution Setup Request Transfer for the activate DRB before HO on the MBS involved handover from MBS supporting node to MBS non supporting node can be found in our contribution(R3-222181). The detail enhancement on whether to introduce a new NGAP procedure or modify the existing one can be based on discussion during this meeting. 
Besides, we think it is necessary for RAN3 to send our final decision(including our agreements and relevant 38.413 TP) on the HO from MBS supporting node to non-MBS supporting node to other relevant WGs after this meeting. A draft LS is prepared in Annex.
Proposal 2：If the source RAN is aware of the MBS support of the target RAN before the handover, firstly, the source RAN reconfigures the UE’s bearer from MRB to DRB before handover, and then, it initiates the legacy handover procedure.
Proposal 3：If the source RAN is aware of the MBS support of the target RAN before the handover, source RAN receives MBS data through both shared and individual N3 tunnels before handover. 
Proposal 4: RAN3 shall forward the decision on the handover from MBS supporting node to non-MBS supporting node to other WGs(e.g. SA2, CT1). Detail depends on the discussion. 
2.2.2. SubCase 2-2: Source unaware of the MBS support of the Target before the handover
As RAN3 have not finally endorsed that the source node awares of the MBS support of the target node before the handover. In this subclause, we’d like to briefly discuss the general handover procedure about the source node unawares of MBS support of the target node before handover (The target node does not support MBS.).  The call flow can be found below:


Figure 3：Handover from MBS supporting to MBS not supporting nodes (Case 2.2)
Step1: UE sends measurement reports to S-RAN and receives the MBS data via MRB, shared N3 tunnel.
Step2: Based on the received measurement reports, the S-RAN decides to trigger the handover procedure. A buffer is built in the S-RAN for the MBS HO purpose. Then the S-RAN buffers the CN SN1 MBS packet received from shared N3 tunnel.
Step3: S-RAN sends the Xn handover request message to the target node. The message contains MBS session information, associated mapped unicast session information, and the first buffered MBS packet information.
Step4: Because the T-RAN does not support MBS, it can only reply the MBS associated unicast session information in the Xn handover request ACK message. 
Step5: Based on the received Xn message which does not contain any MBS session related information, the S-RAN determines that the T-RAN does not support MBS. Hence, it initiates PDU session resource modify procedure and activates the MBS associated unicast N3 tunnel for MBS data transmission. 
Step6: 5GC (UPF) transmits MBS data via unicast N3 tunnel to the S-RAN. After this, the S-RAN can receive the MBS data via both unicast N3 tunnel and shared N3 tunnel. 
Step7: S-RAN buffers the first MBS data packet CN SN2 received from unicast N3 tunnel. Then it reorders the buffered data.  All the reordered packets between CN SN1 and CN SN2 should be forwarded to the T-RAN to keep the data loseless. At this time, the S-RAN can receive the MBS data from both 2 N3 tunnels.
Step8: T-RAN sends the NG path switch request message message to AMF. As it does not support MBS, there is no MBS Support Indicator inside the message.
Step9: AMF sends the NG path switch request ACK message and completes the handover.

Based on the description in both of two subclauses, the following observations can be concluded:
Observation 3:  MBS related handover can be performed if source node isn’t aware of the MBS support of the target node before handover.
Observation 4: The handover procedure for source awares of the MBS support of the target before handover is much succinct and clearer than the one for the source unawares of MBS support of the target before handover. 
There are only 2 more meetings for RAN3 to discuss the MBS procedure. The time budget is not available for RAN3 to further discuss both of these 2 cases in Rel-17. It is proposed for RAN3 to agree the previous WA and discuss the handover procedure based on the source node awares of the MBS support of the target node before handover in Rel-17. And the case in which source node is not awares of the MBS support of the target node before handover can be down prioritized to Rel-18.
Proposal 5: RAN3 shall agree that the source gNB is aware of the MBS support of the target gNB before the handover in Rel-17.
Proposal 6: Whether RAN3 need to support the case that source gNB is not aware of MBS capability of the target gNB before handover can be down prioriztied to Rel-18.
2.3. Open Issues 
Based on the W.A. RAN3 made in RAN3#114e :
WA: It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB. 
Companies discussed how does source node know the target node MBS capability. During the offline discussion, OAM configuration can be used before MBS related handover occurs. Exchanging MBS capability between neighbouring nodes via Xn Setup/Configuration update messages was also pointed out by some companies. From our point of view, OAM configuration is qualified for the MBS capability information configuring before handover. The enhancement of the Xn related messages is overlapped with the OAM configuration.  Considering RAN3 only has 1 meeting(current ongoing one) left for MBS discussion in Rel-17, RAN3 shall switch the W.A. shown above as agreement and do not consider the redundant enhancement on XnAP.
Proposal 7: It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB
Proposal 8: RAN2 will not enhance the XnAP for exchanging the MBS supporting information between gNBs in Rel-17.
3. Conclusion
After the above analysis, we provide the following observations and proposals:
Observation 1: For handover from non-MBS supporting to MBS supporting nodes, three phases are included.
Proposal 1: RAN3 shall consider to use CN SN for duplicates elimination and send reply LS to SA2. 
Observation 2: The old version gNB(Rel-16 or earlier) which does not support NR MBS can not compatible the GTP-U header generated by the MB-UPF.
[bookmark: _GoBack]Proposal 2：If the source RAN is aware of the MBS support of the target RAN before the handover, firstly, the source RAN reconfigures the UE’s bearer from MRB to DRB before handover, and then, it initiates the legacy handover procedure.
Proposal 3：If the source RAN is aware of the MBS support of the target RAN before the handover, source RAN receives MBS data through both shared and individual N3 tunnels before handover. 
Proposal 4: RAN3 shall forward the decision on the handover from MBS supporting node to non-MBS supporting node to other WGs(e.g. SA2, CT1). Detail depends on the discussion. 
Observation 3:  MBS related handover can be performed if source node isn’t aware of the MBS support of the target node before handover.
Observation 4: The handover procedure for source awares of the MBS support of the target before handover is much succinct and clearer than the one for the source unawares of MBS support of the target before handover. 
Proposal 5: RAN3 shall agree that the source gNB is aware of the MBS support of the target gNB before the handover in Rel-17.
Proposal 6: Whether RAN3 need to support the case that source gNB is not aware of MBS capability of the target gNB before handover can be down prioriztied to Rel-18.
Proposal 7: It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB
Proposal 8: RAN2 will not enhance the XnAP for exchanging the MBS supporting information between gNBs in Rel-17.


6. Annex draft reply LS to SA2
Title:	Response LS on Feedback on data forwarding solutions for MBS
Response to:	Reply LS on Feedback on data forwarding solutions for MBS (S2-2109351)
Release:	Rel-17
Work Item:	5MBS, NR_MBS-Core

Source:	ZTE[to be RAN3]
To:	SA2
Cc:	

Contact Person:	
	Name:	Liu Yansheng
E-mail Address:	liu.yansheng@zte.com.cn

Attachments:	TBD


1. Overall Description:

RAN3 thanks SA2 for confirming the options as feasible.
RAN3 decided to minimize data loss and agreed on the solution to eliminate duplicates via using the same Core Network Sequence Numbers over both the unicast N3 tunnel and shared N3 tunnel for the multicast related handover from non-MBS supporting gNB to MBS supporting gNB.

For the multicast related handover from MBS supporting gNB to non-MBS supporting gNB, RAN3 has made the following agreements:
[TBD]

2. Actions:
To SA2 group:
ACTION: 	RAN3 kindly ask SA2 to update their specification according to RAN3 agreement and provide feedback.



3. Date of Next TSG-RAN WG3 Meetings:
The upcoming RAN3 meetings can be found in the RAN3 Meetings calendar .
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