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1 Introduction

CB: # MBS6_MobilitySupporting

- Qualcomm, Huawei, Samsung, Lenovo, Nokia, Nokia Shanghai Bell, CATT, CMCC, LG Electronics, CBN:

Confirm below requirements from RAN2/RAN3 agreements:

A. Support lossless handover

B. Support data forwarding for MBS data

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

Source and target gNBs derive synchronized PDCP SN from sequence number in NG-U.

RAN3 to select one sequence number from option A and B:

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.

 RAN3 to discuss and decide flow to MRB mapping for the MBS session requiring lossless handover together with proposal 2a.

Source and target to exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure.

Extend SN Status Transfer message for MRB. The DL COUNT indicates next PDCP SN to assign.

RAN3 to discuss and select one option from below list for data forwarding stop.

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.

- Huawei, Qualcomm Incorporated, CMCC, Lenovo, Motorola Mobility, Nokia, Nokia Shanghai Bell, CBN, China Telecom, CATT, LG Electronics, Samsung, China Unicom, BT:

For multicast session, to minimize data loss during mobility between MBS supporting nodes：Support to derive same PDCP SN for the same MBS data packet by different gNBs, based on some sequence number(s) received over NG-U;- Specify RAN3 aspects for MBS data forwarding

- E///:

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

Enable in Rel-17 protocol support of PDCP SN synchronisation among neighbouring gNBs by deploying shared NG-RAN higher layer UP resources. If applied, the gNBs are configured at MBS Session configuration to use a shared UP resources for that MBS Session.

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

- ZTE:

PDCP SN sync brings significant architectural impacts.
Only basic mobility support is pursued for Rel-17 WI of NR MBS.
Overall implementation impact should be limited, in order to facilitate implementation and deployment for Rel-17 WI of NR MBS.
Only seamless handover where packet loss is allowed, is pursued for Mission Critical Services over 5G MBS.
Reliable Multicast (without packet loss) is still a problem unsolved and won’t be solved in IP world.
RAN3 does not support PDCP SN sync.
-Capture agreements and open issues, provide TPs if agreeable
(Qualcomm - moderator)
Summary of offline disc in R3-214216
2 For the Chairman’s Notes

Solution set and requirements
Summary: 12 companies (including 3 companies co-signed but not reply email discussion) prefer solution set 1, 1 company prefers solution set 2 and 1 company prefers solution set 3. 

Considering PDCP SN synchronization and data forwarding have been agreed by RAN2#112e and RAN3#110e (refer to appendix), it is proposed to agree below working assumption:
Working Assumption: Select solution set 1 ( support data forwarding and PDCP SN synchronization) for mobility between MBS supporting nodes.
Solution details of set 1
Working Assumption: Source and target gNBs derive synchronized PDCP SN from sequence number in NG-U.
FFS: In R17, lossless handover is supported only for one-to-one mapping between MBS flow and MRB, based on flow level sequence number in NG-U

Working Assumption: Source and target gNBs exchange MRB status (PDCP COUNT/SN) to decide whether and where to start data forwarding.
To be continued ...

FFS: whether it is necessary to exchange SN Status for MRBs between source and target gNB, and if so, how to design stage 3 and how to stop data forwarding.
3 Discussion

In previous meetings, RAN3 has agreed to include MBS session context information in handover preparation. In this meeting, we mainly discuss data forwarding and PDCP SN synchronization in handover between supporting nodes. 

Three sets of solutions are received in this meeting.

Set 1 ([1], [2], [3], [4], [5], [6], [9], [12], [13], [14], [15], [16], [17]): Aim to support lossless handover from RAN3 perspective, including: MRB data forwarding, PDCP SN synchronization. Though lossless handover may not be supported in R17 due to restriction in RAN2 protocols, the RAN3 solution can minimize the packet loss. This solution set is aligned with previous RAN2 and RAN3 agreements, refer to Appendix: RAN2 and RAN3 agreements for details.

Set 2 ([7],[8]): Support an architecture with CU-UP function shared by source and target gNBs. The CU-UP function for MBS session can be deployed in centralized way, e.g. co-located with (MB-)UPF. In this way, MRB data forwarding and PDCP SN synchronization are not needed. 

Set 3 ([10], [11]): Not support PDCP SN synchronization in R17, MRB data forwarding can be supported. Packet loss and duplication are handled by high layers, outside of 3GPP.

Question 1: which solution set do you prefer? 

	Company
	Preferred solution set
	Comments and analysis

	Qualcomm
	1
	Reliability support in RAN is a key advantage of NR multicast, comparing with LTE eMBMS/SC-PTM.  Solution set 3 does not effective support reliability and does not support packet duplication/loss detection. 

Solution set 2 imposes restriction on MBS deployment. The F1/E1 impact of centralized CU-UP deployment also needs further study. For example: potential coordination when the CU-UPs for MBS session and associated PDU session are not co-located; synchronization between the DUs on MBS transmission; coordination with CU-CPs on common flow/MRB mapping.

Solution set 1 has no technical issue, meets the reliability requirement and RAN2/RAN3 agreement. So, solution set 1 is preferred.

	Lenovo, Motorola Mobility
	1
	Firstly, the set 3 is not a reasonable argument. SA2, RAN2 and RAN3 have been already confirmed to minimize the data loss. At the beginning of the WI, RAN2 discussed the use cases. RAN2 agreed with that multicast service may requires high QoS requirement e.g. high reliability. We think the set 3 should be excluded which obeys the standard progress.

Set 2 requires a special network deployment. We don’t think a centralized CU-UP is a common deployment. So far, aggregated gNBs are wildly deployed by many operators. However, we tend to agree to consider the centralized CU-UP together with the non-centralized cases.

	ZTE
	3
	In real world we don’t pursue lossless for multicast.

	Nokia 
	1
	

	Huawei
	1
	In order to enable high reliability multicast services like V2X etc., lossless handover should be supported.  So Set3 should be excluded.

Set2 is strongly dependent on the deployment which cannot be a universally applied solution.

As far as we consider, we should stick to the agreements achieved so far as lots of efforts has been made by all WGs and support Set1. 

	CMCC
	1
	Same view with Qualcomm.

	Samsung
	1
	

	CATT
	1
	

	Ericsson
	
	This is the wrong approach, sorry.

How can you put all aspects of this overall discussion into one basket?

We would like to remind you that we also agreed “Acknowledge that MBS related information within the associated PDU Session Resource Context may not include associated QoS flow information if interworking with non-supporting RAN nodes is not required; st3 details are FFS.”, i.e. MBS Session information in homogenous deployment may not be available (as it is not needed there) but only the joining information (i.e. the TMGIs).

we are amazed by this lack of decency.

	LGE
	1
	

	BT
	1
	Imposing a centralized CU-UP would likely restrict/slow down deployments of MBS for high reliability multicast services. 

We prefer solution set 1


Summary: 9 companies prefer solution set 1, 1 company prefers solution set 2 and one company prefers solution set 3. 

Considering PDCP SN synchronization and data forwarding have been agreed by RAN2#112e and RAN3#110e (refer to appendix), it is proposed to agree below working assumption:
Working Assumption: Select solution set 1 (might support data forwarding and PDCP SN synchronization) for mobility between MBS supporting nodes.
The remaining of this document discusses the technical details of solution set 1.

3.1 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 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

· Sub option 3: enhancements on top of existing QFI Sequence Number [4]

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

	Company
	Yes/No
	Comment

	Qualcomm
	Yes
	Option A or B

	Lenovo, Motorola Mobility
	Yes
	Option A or B. we have strong views on the options. 

	ZTE
	No
	The same reason that SYNC protocol was ruled out in the earlier phase of the discussion.

	Nokia
	Yes
	Option A. Only option A can work in our view.

	Huawei
	Yes
	Option A or B

	CMCC
	Yes
	Option B, GTP-U sequence number indicates the sequence number associated with a GTP-U tunnel in GTP-U header.

	Samsung
	Yes
	Option A or B

	CATT
	Yes
	Option A.

Nevertheless GTP-U sequence number is also useful to guarantee that different gNBs allocate the same PDCP Count/SN for the same packet, by the method of re-ordering NG-U packets.

	Ericsson
	No
	TSG RAN has agreed we have agreed while discussing the scope of Rel-17 NR MBS that SYNC is out of scope. We are happy to discuss this at any time, but we suggest to hold our horses in Rel-17 and do not “lie into our knees”. Please respect the conditions under which you or your colleagues have setup work for this WI.

	LGE
	Yes
	Option A


Summary:
8 companies agree and 2 companies don’t agree. But the solution set 1 supporting companies have consensus. 

Moderator proposal: 

Working Assumption: Source and target gNBs derive synchronized PDCP SN from sequence number in NG-U.

3.2 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 3.1.

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. All QoS flow in a MBS session are mapped to a single MRB.
	Company
	Option 
	Comment

	Qualcomm
	A
	Option A in R17, if no easy solution for option B.

	Lenovo, Motorola Mobility
	
	Question 3 depends on the conclusion of Question 2. We would prefer to wait for conclusion of Question 2 first. 

	Nokia
	A
	Option A in R17.

	Huawei
	A or C
	Q2 and Q3 is tightly related to each other and may need to be discussed together. 

	CMCC
	C
	Option C is better. Assumed choosing GTP-U sequence number in Q2, GTP-U sequence number corresponds to per GTP-U tunnel, all MBS flows in one MBS session per tunnel mapped to one MRB seems easy to operate. For option A, if each MBS flow corresponds to one MRB, there will be lots of MRBs to set up, which will increase the load of gNB.

	Samsung
	
	Agree with Lenovo

	CATT
	B
	Option B is aligned with unicast and is feasible, so why not?

Theoretically TX_NEXT (i.e. the next PDCP Count value to assign) of an MRB equals to the sum of the next NG-U SN/Count value expected to receive, for every QoS flows mapped to this MRB.

For technical detail, please see in Section 2.3 of [4].

	Ericsson
	
	We would support maximum flexibility in case any protocol support to enable this is fairly simple to allow syncing gNBs that may make such decision.
One elegant deployment solution available already in Rel-17 would be to have one central UP entity owned by various gNBs. The first gNB to decide would then determine how the other gNBs would need to follow. This could be realized in E1 (if deployed) and does not need any Xn signaling.

	LGE
	A
	Option A in R17

	
	
	


Summary: most of the solution set 1 supporting companies prefer option A.
Moderator proposal: 

FFS: In R17, lossless handover is supported only for one-to-one mapping between MBS flow and MRB, based on flow level sequence number in NG-U

3.3 Data forwarding decision

The MBS multicast in source and target are scheduled independently. The target may be faster than source, or the target may just start to setup resource for this MBS session. 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, exchanging the MRB transmission status (PDCP SN or COUNT) in handover preparation are proposed by most of the solution set 1 supporting companies. But, on the signaling details, companies have different preferences. In source to target, some companies prefer Handover Request, some companies prefer SN Status Transfer. In target to source, some companies prefer Handover Request Ack, some companies prefer new message.

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

	Company
	Yes/no 
	Comment

	Qualcomm
	Yes
	Source to target: handover request

Target to source: handover request Ack. 

	Lenovo, Motorola Mobility
	Yes
	At least, the source should include the transmission status in handover request message, so that the target can decides whether data forwarding is needed. 

	Nokia
	Yes
	Source to target: handover request

Target to source: handover request Ack.

	Huawei
	Yes
	Same as Qualcomm.

	CMCC
	Not totally agree
	Source to target: SN STATUS TRANSFER 
Target to source: Handover Request Ack.

	Samsung
	Yes
	Same as Qualcomm.

	CATT
	Neutral
	Two principles for signalling design:

1. The major motivation is to avoid data loss. Skipping data forwarding address allocation is not so important.

2. Handover delay should not be extended compared to unicast.

Based on the two principles above, we prefer to consider including PDCP Count/SN in the following messages:

Source to target: SN Status Transfer (at least for the case of gNB-CU-CP/UP split), HO Request (optionally for other case).

Target to source: (Late) Target SN Status transfer (at least for the case that the gNB has not established the NG-U tunnel), HO Request Ack (optionally for other case)

For technical detail, please see in Section 2.4 of [4].

	Ericsson
	No
	Given basic requirements in 22.261 §6.13, there should be no worry about multicast transmission streams to be greatly de-sync’d, the contrary is the case. 

forwarded data would need to travers typically (and compared to the required sync) long distances, taken together with processing, there is no benefit left to apply it at all.

Then, on scalability, Lenovo in R3-213738 in Proposal 11 made an excellent observation that, given the duplication of data that would occur if more than one UE would need to be handed over, defining a “common” forwarding tunnel would be next step in discussion, shows, how useless it would be to forward data to a target node, that anyhow has to follow strict sync requirements.

And also the discussion on scheduling: the only way how a fairly acceptable service perception can be guaranteed is also that the scheduling decisions within the cells are done in a similar way, the only way how to achieve this realistically is by limiting the PDB so that the gNB has no other choice than to just schedule “right away” (SYNC with timestamps is out of scope in Rel-17). If both, sync on NG/F1 and scheduling are not very similar in source and target, when the UE would at some point in time anyhow switch to the target’s data stream, would experience a glitch.

Retransmissions could be scheduled “blindly” upon detection of UE accessing the target, details on potential protocol support to be looked at (again: RAN2 did not decide yet on SN Status support for MRB).

Finally, on the COUNT: what is the COUNT used for? in case of PDCP SN wrap around and for security features. both shouldn’t be a problem in case of sync’d streams. DL PDCP SN are not necessary to be provided to the target, as the source has no clue about reception status at UE.

	LGE
	Yes
	

	
	
	


Summary: All the solution set 1 supporting companies agree.
Moderator proposal:

Working Assumption: Source and target gNBs exchange MRB status (PDCP COUNT/SN) to decide whether and where to start data forwarding.

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.

	Company
	Yes/no 
	Comment

	Qualcomm
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	Currently, the PDCP Status Transfer UL IE is mandatory which is not needed for MRB. Either we introduce a new IE replacing DRBs Subject To Status Transfer List IE or we can revise the DRBs Subject To Status Transfer List IE.

	Nokia
	FFS
	

	Huawei
	Yes
	

	CMCC
	Yes
	

	Samsung
	Yes
	

	CATT
	Yes
	

	Ericsson
	No
	see above

	LGE
	FFS
	

	
	
	


Summary: no consensus
Moderator proposal: to be continued.

3.4 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. 
Question 6: Which option do you prefer for source to decide data forwarding stop? 
A. Based on received PDCP SN information from target in handover preparation
B. A new stop message from target 
C. Based on per UE end marker from UPF [9]

	Company
	Option 
	Comment

	Qualcomm
	A
	

	Lenovo, Motorola Mobility
	C
	We prefer C. we would suggest send an LS to SA2 for checking the feasibility of C. 

	Nokia
	A
	

	Huawei
	A
	Option C is dependent on SA2. Option B seems not necessary.

	CMCC
	B
	We prefer to introduce a new stop message. Data forwarding is assumed to stop until UE synchronizes to target gNB. PDCP SN information from target in handover preparation only reflects the status of packet transmission before synchronization. Thus, introducing a stop message is necessary. 

	Samsung
	A
	

	CATT
	Prefer A, but C is acceptable
	

	Ericsson
	not necessary at all
	and consider the direction your discussion might end up in Lenovo’s paper.
there is yet another final step possible of course: duplicate the mc traffic within 2 redundant MRBs, slightly de-sync’d by the average mobility gap.

	LGE
	B
	Solution A is based on that the PDCP SN of each MRB from target is included in the Handover Request ACK message. In case that there is not the same MRB yet for the same service in the target, how to give the response to the source in the Handover Request ACK message directly should be solved. 

Solution B is a per UE stop message whenever the target node makes the decision to stop based on the received data forwarding packets SN. 

Solution C has the issue on per UE end marker in a shared UPF tunnel. This should be solved


Summary: no consensus
Moderator proposal: to be continued

4 Conclusion, Recommendations [if needed]

If needed
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6 Appendix: RAN2 and RAN3 agreements

RAN2 #112e agreements:

· 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.

· From UE side, PDCP status report may be supported as well.

RAN3 #110e 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.

