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1 Introduction

CB: # 103_MBS_MobilitySupporting

- (ZTE)

MBS context infor in the HANDOVER REQUEST can include MBS session ID or TMGI, the slice information, MBS QoS flow information and the current QoS flow to bearer mapping rules. 

HANDOVER REQUEST ACKNOWLEDGE message includes the list of successfully established MBS sessions, the list of MBS sessions not admitted to be added, together with the admitted MBS QoS flow info per MBS session.

take the above as BL for inter-gNB HO.

To simplify the design, it is suggested to enhance Path Switch procedure to enable RAN-initiated NGAP procedure for establishing MBS session resource in mobility case.

(lossless mobility) If we have to realize PDCP SN sync between gNBs for lossless transmission, it is suggested that the PDCP SN is assigned according to the SN in the GTP-U header of MBS packet sending from UPF to gNB. 

(lossless mobility) to support lossless mobility in NR MBS, it is suggested to include “Highest transmitted NR PDCP Sequence Number/Highest successfully delivered NR PDCP Sequence Number”  in Handover request message and “Lowest buffered NR PDCP Sequence Number ” in Handover acknowledge message.

(lossless mobility) If data forwarding is necessary during lossless mobility, it is suggested the source gNB decides the start packet and end packet of data forwarding based on the source gNB’s transmission status, the UE’s reception feedback and the target gNB’s buffer status.

(lossless mobility) enhance both Xn and E1 specification to support exchanging SN status information between source gNB and target gNB. The associated TP for Xn enhancement is shown in chapter 5.

- (Nok)

mobility requirement between two asynchronous cells using shared MBS delivery is to have “seamless handover” for the radio bearers (which may or may not be lossless) and not always “lossless handover”.

agree to the definition of “MBS seamless handover” as: a handover which minimizes the packet loss by avoiding the loss of packets specifically due to the desynchronization between source and target cell.

support “Seamless handover” using PTP mode in target cell with common PDCP and by synchronizing PDCP count between source and target cell.

do not add support for seamless handover into PTM mode in target cell.

MBS QoS flows are not multiplexed over an MRB i.e. there is a one-to-one mapping between MBS QoS flow and the MRB using common PDCP.

agree that an N3 sequence number is generated by UPF at QoS flow level, therefore in the PDU session control protocol (TS 38.415).

introduce an MBS dedicated Sequence Number.

- (QC)

agree below WA and send LS to SA2 to confirm: 

- MB-UPF multicasts same MB payload packet to each gNB using same GTP-U sequence number

- gNB derives PDCP SN from the GTP-U sequence number.

Include DL COUNT of the UE’s receiving MRB in SN Status Transfer message.

Source gNB includes current PDCP SN of each MBS radio bearer in Handover Request, for target gNB to buffer packet for the UE, if need (e.g. target PDCP SN is far ahead of source).

In HO Req Ack, target gNB tells source gNB the current PDCP SN of each MBS radio bearer for source gNB to decide packets to forward.

- (CATT)

Assume that it is supported for the NG-U TNL path for multicast session to be established during the handover preparation phase of Xn-based handover, and the packets received through it can be delivered 

If CN has sent NGAP messaged aiming to modify multicast context toward some RAN nodes when it received a message aiming to establish NG-U TNL path for this multicast session from the target gNB, the core network should send the multicast packet according to the new configuration toward this target gNB regardless of whether the XnAP Handover Request message is sent before MBS session modification takes place.

Non-UE associated NGAP signaling should be used for the target gNB to get the fresh multicast configuration.

Non-UE associated NGAP signaling should be used to update the multicast configuration in RAN.

discuss what message to use in case of collision between MBS sess mod and HO, or send an LS to SA2 if needed.

clarify that what need to be synchronized among cells is the PDCP Count rather than the PDCP SN.

If RAN3 agrees to support MRB PDCP Count synchronization among multiple gNBs, the per-QFI SN over NG-U can be reused to generate the PDCP Count.

If RAN3 agrees to support MRB PDCP Count synchronization among multiple gNBs, we propose RAN3 to discuss whether to introduce a new 1-octet field “QFI HFN” into the DL PDU SESSION INFORMATION header, so that the length of HFN+SN over the NG-U can be aligned with the length of PDCP COUNT over Uu.

If RAN3 agrees to support MRB PDCP Count synchronization among multiple gNBs, the PDCP count of an MRB should be synchronized by adding up every per-QoS-flow N3 Sequence Number (or HFN+SN) of each QoS flow which is mapped to this MRB, and thus no need to limit the QoS-flow-to-MRB mapping.

If RAN3 agrees to support MRB PDCP Count synchronization among multiple gNBs, we propose RAN3 to discuss whether the UPF can send a PDU containing the “next” N3 QFI SN for each QoS flow, toward the gNB which just joins an MBS session, in order to prevent data loss.

- (SS)

PDCP SN is assigned according to the QFI SN of MBS packet sending from the UPF to the gNB.  QFI SN is per QoS flow. Whether using the existing IE or new IE in NG-U is FFS.

To support lossless mobility, the mapping from MBS QoS flow to MRB should be same in the source gNB and the target gNB. It is proposed to use one to one mapping between QoS flow and MRB to support loss less mobility.

Source gNB provides the current PDCP SN of each MRB in HO Request message. Target gNB decides if the data forwarding is needed or not, based on the SN status in the source gNB and target gNB.

Target gNB notifies the current PDCP SN of each MRB in HO Request Ack message. The source gNB stops data forwarding until the indicated PDCP SN.

- (E///)

Close discussions for Rel-17 NR MBS on SYNC-like approaches to achieve synchronization of PDPC SN allocation.

PDCP SN synchronization among neighbor gNBs can be achieved based on deploying NG-RAN higher layer UP resource shared among the gNBs. The gNBs are configured at MBS Session configuration to use those shared resources for that MBS Session.

capture this approach as a possibility in stage 2 (38.401) and stage 3 (38.463), as shown in [2].

Introduce in stage 2 a statement that, typically, data forwarding of MBS traffic is not performed at handover in between gNBs

- (Len,Moto)

gNBs allocate PDCP count value associated with a “SN” from CN to keep the PDCP SN synchronization among gNBs. 

For shared MBS traffic delivery, the target gNB decides whether data forwarding is needed or not according to the transmission status in the source and the data buffer status in the target i.e. the source includes the transmission status of a MBS session in the HANDOVER REQUEST message.

discuss how to handle “end marker” packets over the shared GTP-U tunnel for the shared MBS traffic delivery mode e.g. to introduce per UE end marker packet in the shared tunnel.

A dedicated GTP-U tunnel for data forwarding of per MBS session or per radio bearer is established between the source gNB and the target gNB

Target gNB delivers the forwarded and missing MBS packets in a dedicated manner to the UE over the PTP leg (if configured) or a temporary dedicated bearer (if the PTP leg is not configured).

- (LG)

Sol1, i.e., Derive PDCP SN from UP protocol data generated at the UPF (GTP-U SN, NG-U), is preferred to perform alignment of PDCP SNs among cells served by neighboring gNBs. 

Sol1, i.e., Per-UE data forwarding and SN Status report, is preferred to minimize data loss during handover. 

A message from target gNB can be used to stop per-UE data forwarding. 

For UE’s handover with MBS service, the bearer type change information, i.e. from DRB to MRB or the reverse direction, should be included in the MBS context information within the UE context.  

- (CMCC,HW,CBN,CU,CT)

Introduce the reply message from the target gNB to the source gNB. The message flow of current handover can be taken as baseline and some enhancements are added in the message flow to fulfil lossless handover between MBS supporting nodes.

Introduce a new reply message or continue to use HANDOVR RERQUEST ACKNOWLEDGE message from target gNB to source gNB over Xn interface. 

Reply message will include the current buffer status of target gNB, unreceived or lost packet numbers. 

Reply message will indicate that source gNB can stop data forwarding after sending necessary packets to target gNB as a replacement of end marker.

- Chair: seems no consensus (yet)? Possible compromise WA (QC)?

(QC - moderator)

Summary of offline disc R3-212708
2 For the Chairman’s Notes 
Working assumption: RAN3 also aims to support lossless handover. MRB data forwarding is supported. PDCP SN synchronization between source and target is needed for data forwarding. 

Working assumption: source and target gNBs derive synchronized PDCP SN from sequence number in NG-U. The NG-U sequence number selection (between QFI SN and GTP-U SN) is FFS.
Working assumption: source and target exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure.
Working assumption: RAN3 to study the solution options (based on MRB status exchanged in handover preparation, new message, per UE end marker) for MRB data forwarding stop.
Agreement: RAN3 to study the need and solution for MRB status transfer in SN Status Transfer.

To be continued: whether one to many between MBS flow and MRB is feasible for MRB data forwarding.

3 Discussion

3.1 Requirements on NR MBS mobility

RAN2 has following agreements on NR MBS mobility with RAN3 impacts.

· R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)

· In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.

RAN3 has following agreements:

· For multicast, in order to allow the UE to detect loss of data or duplication of data, RAN3 shall continue discussing solutions to support alignment of PDCP SNs in between gNBs. 
· RAN3 will work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs (to be coordinated with RAN2 if needed). Details FFS.
Before discussing technical solution, let’s first confirm the requirements and agreements.

Question 1: Do you agree with below requirements from RAN2/RAN3 agreements? If not, please describe the reason and alternative.

A. Support lossless handover

B. Support data forwarding for MBS data

C. Support PDCP SN synchronization and continuity between the source and the target.

	Company
	Yes/No
	Comment

	Qualcomm
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	Nokia
	OK
	Please note that lossless however depends on selected mode.


	CATT
	Partly yes
	We agree with A and B, and neutral over C.

	Samsung
	Yes
	

	CMCC
	Yes
	

	LGE
	Yes
	

	Huawei
	Yes
	

	Ericsson
	No
	Ad A) lossless is very specific, I guess the QoS requirements determine how far lossless may be supported. An error rate of 0.00 is not realistic. But there are certain means to approach lossless paradise as close as possible.

Ad B) We do not see the need for data forwarding between supporting nodes at all, if it can be guaranteed that the data received by the UE from the source and the target cell is the same and fairly synced in time.

Ad C) For us, this is rather a question on how to achieve synchronization. a new SYNC protocol is for sure out of scope, as agreed and acknowledged several times in several groups.


	ZTE
	No
	The impacts of PDCP SN sync which will be RAN2 issue, however, have not been comprehensively disucssed in RAN2. Plus it is also agreed that "to be coordinated with RAN2 if needed". 

Therefore only requirements B can be confirmed in RAN3 by now.


Moderator summary
10 companies provided feedback. 6 companies fully agree with the requirements. 3 companies partially or conditionally agree. 1 company does not agree.

Proposed conclusion
Working assumption: RAN3 also aims to support lossless handover. MRB data forwarding is supported. PDCP SN synchronization between source and target is needed for data forwarding. 
3.2 PDCP SN synchronization

Assuming the answer to question 1 is yes, let’s discuss the solution for PDCP SN synchronization. 

To get PDCP SN synchronized in source and target, most of the companies proposed to derive the PDCP SN from sequence number in NG-U. For one MBS Session, UPF will ensure same MBS data is sent to different gNBs using same sequence number in NG-U.

Question 2, do you agree with source and target gNBs to derive synchronized PDCP SN from sequence number in NG-U?  If yes, which NG-U sequence number do you prefer?

A. QFI Sequence Number in “DL PDU SESSION INFORMATION” of NG UP protocol (38.415)

· Sub option 1: use existing QFI Sequence Number

· Sub option 2: define new QFI Sequence Number for MBS

B. GTP-U sequence number in NG-U tunnel level

C. Other solution, e.g. Synchronized PDCP SN between gNBs is achieved by a central gNB-CU-UP serving multiple gNBs [14].

	Company
	Yes/No
	Comment

	Qualcomm
	Yes
	Option A or B 

	Lenovo, Motorola Mobility
	Yes
	Option A or B

	Nokia
	Yes
	Option A.

	CATT
	Yes
	We prefer Option A (either sub option is ok)
Option B is not acceptable for us as it entirely erase the use of separating MBS session into QoS flows.

	Samsung
	Yes
	Option A or option B.

	CMCC
	Yes
	Option A or B

	LGE
	Yes
	Option A or B

	Huawei
	Yes
	Option A or B

	Ericsson
	NO
	Ad A and B) any form of SYNC is out of scope from Rel-17. We should not “lie into our knees” on that aspects, as I would say at home. 

C) would follow a deployment option available since Rel-15

	ZTE
	Yes with comments
	B if PDCP SN sync has to be achieved.


Moderator summary

10 companies provided feedback. 9 companies agree to derive PDCP SN from NG-U sequence number. with the requirements. 1 company does not agree. Among the supporting companies, most of the companies have no preference between A and B. 
Proposed conclusion
Working assumption: source and target gNBs derive synchronized PDCP SN from sequence number in NG-U. The NG-U sequence number selection between QFI SN and GTP-U SN is FFS.
3.3 MBS flow to MRB mapping

In data forwarding, the PDCP SN is per MRB. So, the flow to MRB mapping impacts the solution decision in section 3.2.

Question 3: Which option do you prefer on MBS flow to MRB mapping? If option B is preferred, please describe your solution on PDCP SN deriving from NG-U sequence number.

A. Each MRB has only one MBS flow

B. Each MRB can have multiple MBS flows.
C. As the gNB, following main architectural principles from 5GS, is the entity that decides QoS flow to Radio Bearer mapping, it is most natural to keep this function in gNB
D. All QoS flow in a MBS session are mapped to a single MRB.
	Company
	Option 
	Comment

	Qualcomm
	A
	

	Lenovo, Motorola Mobility
	A for option B
	

	Nokia
	A
	

	CATT
	B
	Next PDCP COUNT (or SN) ≡ ∑every QoS flow in this MRB Next QFI SN (modulo FFS)

Besides, we think it should be RAN2 to decide whether flow to DRB mapping should be 1:1 or N:1. 

	Samsung
	
	It is related to decision for question 3.2

	CMCC
	A
	For simplicity at this release.

	LGE
	A
	 

	Huawei
	A
	To alleviate the restriction on gNB implementation, this mapping restriction can be limited only to MBS services with high reliability requirement.

	Ericsson
	C
	This would not put any restriction on mapping QoS flows to MRBs and doesn’t disrespect principles of RAN-CN responsibilities.

	ZTE
	C or D
	Option C is preferred, and Option D is acceptable. We agree with Ericsson that legacy mapping principle should be followed. 

In option D, all QoS flow are mapped to a single MRB, and the PDCP SN can be derived based on the GTP-U tunnel SN which is per MBS session or per tunnel.


Moderator summary

10 companies provided feedback. 6 companies prefer option A. There is no consensus on this. 

Proposed conclusion: It is FFS whether one to many between MBS flow and MRB is feasible for MRB data forwarding.
3.4 Data forwarding decision

The MBS multicast in source and target are scheduled independently. The target may be faster than source. In this case, to avoid packet loss in handover, source should forward packets to target for target to deliver to UE, e.g. in PTP. If target is slower than source, the data forwarding is not needed. So, papers [2] [6] [7] [13] [17] [18] [19] [23] propose to exchange the MRB transmission status (PDCP SN or COUNT) in handover preparation, e.g. include “Highest transmitted NR PDCP Sequence Number/Highest successfully delivered NR PDCP Sequence Number”  in Handover request message and “Lowest buffered NR PDCP Sequence Number ” in Handover acknowledge message

Question 4. Do you agree source and target to exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure? 

	Company
	Yes/no 
	Comment

	Qualcomm
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	Nokia
	Yes
	See our tdoc R3-211663.

	CATT
	Partly yes
	Our preference:

Target to source: at HO Request Ack if needed.

Source to target: at SN Status Transfer.

Reason: if Gnb-CU-CP/UP split is used, to include the PDCP COUNT/SN in the HO Request means that the CU-CP has to fetch it from the CU-UP before sending the HO Request message. Thus an extra latency (per-UE) is introduced, negatively affecting the legacy unicast.

We believe that avoiding extra per-UE HO latency is at the highest priority. The cost on message size is negligible compared to HO latency.
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	Samsung
	Yes
	The source to target transmission for PDCP status is used to avoid unnecessary data forwarding. For this purpose, PDCP status transmission in HO Request is needed.

SN Status Transfer is also need to be extended for MRB. But not for this purpose.

	CMCC
	Yes
	We may provide another option that UE will transmit “Highest transmitted NR PDCP Sequence Number/Highest successfully delivered NR PDCP Sequence Number” to target gNB after handover.

	LGE
	Yes
	

	Huawei
	Yes
	

	Ericsson
	???
	you forward data that is already on the target side? what is the purpose of this superfluous action? We strongly disagree on such kind of approaches

	ZTE
	
	Transmission status like GTP-U tunnel SN from NG-U shall not be excluded in current stage.


Moderator summary

10 companies provided feedback. 8 companies agree source and target to exchange MRB transmission status information in handover preparation. 

Proposed conclusion
Working assumption: source and target exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure.
Based on RAN2 agreement, SN Status Transfer message should be extended for MRB.  

Question 5. Do you agree to extend SN Status Transfer message for MRB? The DL COUNT indicates next PDCP SN to assign and first packet to forward.

	Company
	Yes/no 
	Comment

	Qualcomm
	Yes
	

	Lenovo, Motorola Mobility
	
	We can not fully understand about the ‘first packet to forward’. The existing DL Count in SN status transfer is already used to indicate the next PDCP SN to assign.

Anyway, we can study whether we need to enhance the existing SN Status Transfer message, e.g. add MRB related information.

	Nokia
	No
	The MRB status is already exchanged in Handover preparation, but we can discuss further.

	CATT
	Yes
	More use may not be precluded, e.g. a PDCP COUNT in the SN Status Transfer message higher than the one in the HO Request Ack implies no data forwarding.

	Samsung
	Yes
	

	CMCC
	Yes
	The DL COUNT could also indicate the unreceived or lost packet numbers in source gNB.

	LGE
	Yes
	

	Huawei
	Yes
	Same as unicast.

	Ericsson
	OMG!
	

	ZTE
	Yes, but...
	The status transfer can be GTP-U SN from NG-U to indicate the transmission status.


Moderator summary

10 companies provided feedback. 7 companies agree. 2 companies support studying this. 

Proposed conclusion
Agreement: RAN3 to study the need and solution for MRB status transfer in SN Status Transfer.
3.5 Data forwarding stop

In the regular handover for unicast, the source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF and replicates the end marker packets into each data forwarding tunnel when no more user data packets are to be forwarded over that tunnel. However, for MBS service, the shared NG-U delivery is used, the MBS-UPF will continue send data to the source Gnb when a UE is handover to the target. Regarding how to stop the data forwarding in the source Gnb, several options are proposed in the contribution. 
Question 6: Which option do you prefer for source to decide data forwarding stop? If C is preferred, please describe the details.
A. Based on received PDCP SN from target in handover preparation
B. A stop message from target
C. Based on per UE end marker from UPF
D. no data forwarding means you do not need to stop it
	Company
	Option 
	Comment

	Qualcomm
	A
	

	Lenovo, Motorola Mobility
	C
	Anyway, per UE end marker is needed for handover to MBS non-supporting Gnb. We can reuse it to handover between MBS supporting gNBs without extra cost.

	Nokia
	A
	Seems the simplest one.

	Samsung
	A
	Agree with Nokia.

	CMCC
	A
	Received PDCP SN from target will indicate that source Gnb can stop data forwarding after sending some lost or unreceived packets to target Gnb as a replacement of end marker.

	LGE
	B
	

	Huawei 
	A
	

	Ericsson
	
	if data forwarding is not applied, you do not need to stop.

	ZTE
	
	too early to nail down before Q1 and Q2 has an answer


Moderator summary

9 companies provided feedback. 5 companies prefer A. 1 company prefers B and 1 company prefers C. 2 companies don’t want to discuss this for now. 

Proposed conclusion
Working assumption: RAN3 to study the solution options (based on MRB status exchanged in handover preparation, new message, per UE end marker) for MRB data forwarding stop.
3.6 Other topics

We also see proposals for other topics in this agenda item. The rapporteur thinks these topics are either not urgent or covered by other email discussions. If you prefer to discuss, please add the topic and question below.

4 Conclusion, Recommendations [if needed]

If needed
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�Agree. Seamless handover is used conditionally, up to implementation. But, standard should define solution for seamless handover.


�Agree zero error rate is not realistic. We can target for same level of reliability as unicast lossless handover.


�Without SYNC and synchronized scheduling, it is difficult (if not impossible) to support synchronized transmission by source and target. 


Even if one company has smart implementation e.g. centralized UP, we cannot ensure all other companies can do the same. 


So, we can define data forwarding in standard. It is up to implementation on whether to use it.


�I think this requirement should be valid and agreed by both RAN2 and RAN3.


�The quoted RAN2 and RAN3 agreements above already agreed to support PDCP SN sync. We can discuss how to support it.
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