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1. Introduction
During RAN3#109-e meeting, the following open issues were left related to minimizing data loss:
	Open issues:

· Discussion on requirements for minimizing data loss during mobility for MBS user data is to be continued. In which way PDCP SNs, SN Status Report, data forwarding, can be used and impacts on all involved entities needs further discussions.

· Whether the SNs for the same MBS packet received by different gNBs should be aligned or not to minimize data loss during Handover


In RAN3#110e meeting, this issue was further discussed and the following agreements were made:
	Agreements:

· For multicast, NR MBS shall provide means for minimization of data loss during mobility.

· 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.


Meanwhile, RAN2 also made some progress in RAN2#112-e meeting:
	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. 


In this contribution, we will first discuss whether the PDCP SN synchronization should be extended to PDCP COUNT synchronization and then study how to achieve the synchronization between the source cell and the target cell during the handover from MBS session to MBS session based on the progress of RAN2 and RAN3.
2. Discussion
2.1 PDCP COUNT synchronization

In previous RAN3 meetings, only PDCP SN synchronization was mentioned, but actually we also need to consider PDCP COUNT Synchronization between the UE and gNBs.

As defined in TS 38.323, the PDCP COUNT value is composed of a HFN and the PDCP SN. The size of the HFN part in bits is equal to 32 minus the length of the PDCP SN.
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Figure 6.3.5-1: Format of COUNT

NOTE:
COUNT does not wrap around.


As PDCP Count is related to Security, according to the SA3 progress, whether MBS security is located in RAN or not is still under discussion. In legacy handover, a DL PDCP COUNT is sent to the target gNB in the SN STATUS TRANSFER message for the target PDCP COUNT allocating. But in MBS, the PDCP COUNT allocation in the Target is ongoing and will not be changed for this incoming UE. Therefore, for MBS handover, there are the following cases to be considered:
Case 1: MBS security is located in RAN

In this case, the HFN between UE and gNB should be synchronized for security procedure. As UE’s HFN is synchronized with the source gNB HFN before handover, and should also be synchronized with the target gNB HFN after handover, there two potential ways:

· Option 1: synchronize the HFN between gNBs, e.g. using same PDCP COUNT for the same packet in different gNBs, calculate PDCP COUNT based on the SN provided from CN.

· Option 2: no need to synchronize the HFN between gNBs, update the UE’s HFN during the handover to synchronize with the target gNB’s HFN.

Observation 1: in case MBS Security is located in RAN, PDCP COUNT Synchronization between the UE and target RAN node after Handover should be supported.

Case 2: MBS security is not located in RAN

In this case, the HFN between UE and gNB can be unsynchronized as in sidelink broadcast. Therefore, PDCP SN synchronization is enough for lossless handover and different gNBs can maintain different HFN values for MBS transmission. And the target gNB can just ignore the HFN value in the SN STATUS TRANSFER message or in PDCP status report if any.
Observation 2: in case MBS Security is not located in RAN, there is no need to support PDCP COUNT Synchronization, only PDCP SN Synchronization is needed.

Based on above discussion, PDCP COUNT Synchronization may be needed due to MBS security aspects. As there is no agreement in SA3 yet, we in RAN3 can first discuss how to at least support PDCP SN synchronization, and consider to not close the door to support PDCP COUNT Synchronization as it may be required after SA3 progress.

Proposal 1: RAN3 discuss how to support PDCP SN synchronization between gNBs first, and leave the door open to support PDCP COUNT Synchronization between UE and target gNB as it may be required after SA3 progress.
2.2 PDCP SN Synchronization
As concluded by RAN2, DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed and the detailed approach should be involved with RAN3. And RAN3 has also agreed to work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs. 

To achieve PDCP SN synchronization, different gNBs have to receive reference SN from the core network to properly set the PDCP SNs. I.e. the core network has to mark the same reference SN for the same MBS packet when delivering them to the different gNBs via shared NG-U Tunnels:
· For IP Multicast method, gNBs are receiving the same packet from the same IP address, and the same SN will be received by the gNBs by default.

· For shared GTP-U Tunnel method, it is required that the UPF put the same SN in the same MBS packets.
In case different gNB uses same formula to set PDCP SN for MBS packet based on the received SN, the source gNB and the target gNB will allocate same PDCP SN for the same MBS packet. Furthermore, during handover, it is easier for the source gNB and target gNB to understand each other’s MBS progress and try to fill in the progress gap via data forwarding. This is showed in Figure 1. 
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Figure 1. PDCP SN synchronization for MBS session to MBS session handover 
Proposal 2: To achieve DL PDCP SN synchronization, different gNBs should receive the same MBS packet with the same reference SN from Core Network.
Besides, NR MBS aims for multiple use cases with various QoS requirements and RAN2 agrees to support lossless handover for MBS-MBS mobility for service that requires this. For services that not require lossless handover, DL PDCP SN synchronization may not be needed. 
Proposal 3: Support DL PDCP SN synchronization only for MBS Sessions with high reliability.

2.3 Reference SN from Core network
According to the above discussion, an important step for PDCP SN synchronization is to receive the same reference SN for the same MBS packet from CN. In the following, we will discuss what the reference SN should be. From RAN3 perspective, there are four alternatives to consider for this purpose:
1) Reuse Sequence Number in GTP-U header (refer to the Annex)
2) Reuse DL QFI Sequence Number in "GTP-U Container" GTP-U Extension Header (refer to the Annex)
3) Design new SN in "GTP-U Container" GTP-U Extension Header
4) Synchronized PDCP SN between gNBs is achieved by a central gNB-CU-UP serving multiple gNBs

According to the summary from last meeting, the majority agree to reuse the existing SNs in the GTP-U header or in the GTP-U Extension Header as the reference SN [1]. Thus GTP-U SN and DL QFI SN should be further considered. In other words, PDCP SN should refer to the GTP-U SN or the DL QFI SN of the MBS packet. As RAN3 has agreed that on MBS session may contain multiple MBS flows, they may be mapped to different MRBs by the gNB SDAP as agreed by RAN2 [2]. 

This poses two challenges to the DL PDCP SN synchronization. Firstly, different gNBs may have different mapping strategies from MBS flow to MRB. Secondly, even if different gNBs have the same mapping strategy from MBS flow to MRB, there may still be other problems. For instance:
1) If PDCP SN is set according to a per MBS Session SN of the MBS packet, and the multiple MBS flows within one MBS session are mapped to different MRBs, the PDCP SNs within each MRB will be discontinuous. 
2) If PDCP SN is set according to a per QoS Flow SN of the MBS packet, and any MRB is mapped with more than one MBS flows, the PDCP SNs within this MRB will be duplicated. 
According to the summary from last RAN3 meeting email discussion, the majority agree to restrict the mapping between the MBS flow and the MRB for the MBS sessions with high reliability [1]. RAN3 can further discuss and make down selection between the following two options:
Option 1: one to one mapping between MBS Session and MRB, set PDCP SN according to a per MBS Session SN.
All the MBS flows of a MBS Session are mapped to the same MRB, and the PDCP SN is set according to the GTP-U SN of the MBS packet.

Option 2: one to one mapping between MBS Flow and MRB, set PDCP SN according to a per QoS Flow SN.
Each MRB is mapped with only one MBS flow, and the PDCP SN is set according to the DL QFI SN of the MBS packet.
Proposal 4: Restrict the MBS flow/session and the MRB mapping to “one to one mapping between MBS Session and MRB” and “one to one mapping between MBS Flow and MRB”, further discuss the SN design based on the selected approach.
3. Conclusion

In this contribution, we discussed how to minimize data loss during mobility between MBS supporting nodes, and get the following proposals:

Proposal 1: RAN3 discuss how to support PDCP SN synchronization between gNBs first, and leave the door open to support PDCP COUNT Synchronization between UE and target gNB as it may be required after SA3 progress.
Proposal 2: To achieve DL PDCP SN synchronization, different gNBs should receive the same MBS packet with the same reference SN from Core Network.
Proposal 3: Support DL PDCP SN synchronization only for MBS Sessions with high reliability.
Proposal 4: Restrict the MBS flow/session and the MRB mapping to “one to one mapping between MBS Session and MRB” and “one to one mapping between MBS Flow and MRB”, further discuss the SN design based on the selected approach.
The TP to TS38.300 BL CR is provided in section 4, and the CR to TS 38.415 is provided in [3].
4. Reference

[1].  R3-211031 Summary of Offline Discussion on CB: # 75_MBS_Mobility_Supporting
[2].  RAN2#112-e Chairman Notes
[3].  R3-212438 (TP to TS 38.415 BL CR) Support of NR MBS data transmission,
Huawei, CBN, China Telecom, China Unicom
5. Text Proposal to TS 38.300 BL CR
16.x.5
Mobility

Editor’s Note: Mobility aspects to be covered here.

16.x.5.1
General

Mobility principles builds on existing functionality including functions described in section 9.2. 
16.x.5.2
Multicast Mobility from MBS supporting cell to MBS supporting cell

During handover preparation phase, the source NG-RAN node transfers to the target NG-RAN node in the UE context information about the MBS sessions the UE has joined. For each Multicast session with ongoing user data transmission for which no MBS Session Resources exist at the target NG-RAN node, the target NG-RAN node triggers the setup of MBS user plane resources towards the 5GC. Which procedures to use is FFS.     

During handover execution, the MBS configuration decided at target NG-RAN node is sent to the UE via the source NG-RAN node within an RRC container (FFS) as specified in TS 38.331 [12].  
The core network shall include the same SN (FFS) for the same packet towards different NG-RAN nodes, to enable different NG-RAN nodes to set the same PDCP SN for that packet. For the MBS service with high reliability requirement, the NG-RAN node ensures the one-to-one mapping restriction between a MBS Session/Flow (FFS) and a multicast radio bearer.
16.x.5.3
Multicast Mobility from/to MBS supporting cell to/from MBS non-supporting cell

Editor’s Note: FFS. Based on SA2 input. RAN impacts to be covered here.

16.x.5.4
Broadcast Mobility (FFS)

Editor’s Note: intends to cover information related to broadcast exchanged during mobility. FFS. 
6. Annex
	TS29.281: GTP-U header

-
Sequence number flag (S): This flag indicates the presence of a meaningful value of the Sequence Number field. When it is set to '0', the Sequence Number field either is not present or, if present, shall not be interpreted. When it is set to '1', the Sequence Number field is present, and shall be interpreted, as described below in this clause.
For the Echo Request, Echo Response, Error Indication and Supported Extension Headers Notification messages, the S flag shall be set to '1'. Since the use of Sequence Numbers is optional for G-PDUs, the PGW, SGW, ePDG, eNodeB and TWAN should set the flag to '0'. However, when a G-PDU (T-PDU+header) is being relayed by the Indirect Data Forwarding for Inter RAT HO procedure, then if the received G-PDU has the S flag set to '1', then the relaying entity shall set S flag to '1' and forward the G-PDU (T-PDU+header). In an End marker message the S flag shall be set to '0'.

-
Sequence Number: If Sequence Number field is used for G-PDUs (T-PDUs+headers), an increasing sequence number for T-PDUs is transmitted via GTP-U tunnels, when transmission order must be preserved. For Supported Extension Headers Notification and Error Indication messages, the Sequence Number shall be ignored by the receiver, even though the S flag is set to '1'.

Bits

Octets

8

7

6

5

4

3

2

1

1

Version

PT

(*)

E

S

PN

2

Message Type

3

Length (1st Octet)

4

Length (2nd Octet)

5

Tunnel Endpoint Identifier (1st Octet)

6

Tunnel Endpoint Identifier (2nd Octet)

7

Tunnel Endpoint Identifier (3rd Octet)

8

Tunnel Endpoint Identifier (4th Octet)

9

Sequence Number (1st Octet)1) 4) 

10

Sequence Number (2nd Octet)1) 4)
11

N-PDU Number2) 4)
12

Next Extension Header Type3) 4)
NOTE 0:
(*) This bit is a spare bit. It shall be sent as '0'. The receiver shall not evaluate this bit.

NOTE 1:
1) This field shall only be evaluated when indicated by the S flag set to 1.

NOTE 2:
2) This field shall only be evaluated when indicated by the PN flag set to 1.

NOTE 3:
3) This field shall only be evaluated when indicated by the E flag set to 1.

NOTE 4:
4) This field shall be present if and only if any one or more of the S, PN and E flags are set.

	38.415: "GTP-U Container" GTP-U Extension Header

5.5.2.1
DL PDU SESSION INFORMATION (PDU Type 0)

This frame format is defined to allow the NG-RAN to receive some control information elements which are associated with the transfer of a packet over the interface.

The following shows the respective DL PDU SESSION INFORMATION frame.

Bits

Number of Octets

7

6

5

4

3

2

1

0

PDU Type (=0)

QMP
SNP
Spare
1

PPP

RQI

QoS Flow Identifier 
1

PPI
Spare

0 or 1

DL Sending Time Stamp
0 or 8

DL QFI Sequence Number
0 or 3

Padding 

0-3


Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format

5.5.3.17
Sequence Number Presence (SNP)

Description: This parameter indicates the presence of the DL QFI Sequence Number in the DL PDU Session Information frame or the presence of the UL QFI Sequence Number in the UL PDU Session Information frame.

Value range: {0= DL/UL QFI Sequence Number not present, 1= DL/UL QFI Sequence Number present}.

Field length: 1 bit. 
5.5.3.18
DL QFI Sequence Number

Description: This parameter indicates the sequence number as assigned by the UPF associated with a given QoS Flow.
Value range: {0..224-1}.

Field length: 3 octets.
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