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1   Introduction
In the last RAN3 meetings, we discuss the case that the QoS flow remapping happens in the source NG-RAN just before the handover procedure. In this contribution, we will further discuss this topic. 
2   Discussion
RAN2 introduces the QoS flow remapping function in the SDAP layer. In our understanding, the NG-RAN shall buffer the UL& DL data of the remapping QoS flow in the SDAP layer when NG-RAN change the QoS flow mapping. The reasons are the following:

· For UL, the PDCP layer does not know which QoS flow the PDCP PDUs belong to. Furthermore, the PDCP entity shall provide the in-order delivery for the SDAP entity. If the data of the remapping QoS flow are buffered in the PDCP layer, it will hold back the delivery of other QoS flows.    

· For DL, during the QoS flow remapping, the NG-RAN may stop the transmission over the old DRB, and buffer the new packets at the SDAP layer to ensure the in order transmission. If the data is buffered at the PDCP, since the PDCP cannot identify the QoS flow ID, it has to buffer all data for this DRB.  Even the PDCP entity identify the QoS flow ID, according to the 38.323, the transmitter PDCP entity will allocate one SN for this PDCP SDU upon receiving the PDCP SDU from upper layer. The NG-RAN cannot submit this PDCP PDU to the low layer because the NG-RAN has not finish the QoS remapping. If the DL data is buffered in the PDCP layer, the PDCP entity will allocate one SN for the PDCP SDU. This will hold back the transmission of other QoS flows of this DRB because the PDCP layer shall submit the PDCP PDU to low layer in order.

Observation 1: The NG-RAN will buffer the UL& DL data of the remapping QoS flow in the SDPA layer.
Considering the QoS flow remapping, there is one use case that the source NG-RAN wants to handover the UE to the target NG-RAN when it has not finished the QoS flow remapping. For example, in Figure 1, the source NG-RAN re-maps the QoS flow to DRB2 while the source NG-RAN decides to handover the UE to the target NG-RAN node. Then it comes the question how to deal with the buffered data in the SDAP layer.

During the handover, whether it is lossless or non-lossless handover, the buffered data needs to be forwarded to the target NG-RAN node. Otherwise, it shall incur unnecessary packet loss with bad user experience or cannot ensure the in order delivery. 

Observation 2: The buffered data of the QoS flow should be forwarded to the target NG-RAN node.
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Figure 1 the buffered data in the source NG-RAN

2.1   UL data forwarding 
According to the current data forwarding principles, for lossless handover, the target NG-RAN will only establish the UL DRB tunnels. The target NG-RAN will not establish the PDU session tunnels. There are two options to forward the buffered data. 
· Option 1: DRB tunnel

The packets of the DRB tunnels are forwarded as PDCP SDUs. In the above case, the source NG-RAN cannot deliver the UL buffered data to the 5GC because there are some UL data of this QoS flow that have not been received in the old DRB.  This option can not work due to the following reasons. 

· The source NG-RAN cannot forward the buffered UL buffered data to the target NG-RAN via the DRB tunnel because the SDAP layer buffers these packets. 
· Even if the SDAP layer can send those packets back to the PDCP layer with the saved PDCP SN of these packets, there is PDCP SN hole (as shown in Figure 2). According to the current principles of UL SN status transfer, the target node will not deliver the packet of PDCP SN 5 to the 5GC until the target node receives the packet of SN2&3&4 from UE. But in the above QoS remapping use case, the target node will never receive these packet of SN2&3&4 because the source node has submitted these packets to the 5GC and also UE will not retransmit these packets. Therefore we think the DRB tunnel solution cannot solve this issue.  
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Figure 2 the PDCP SN hole if the UL buffered data are forwarded via the DRB tunnel
· Option 2: PDU session tunnel

The buffered UL data are forwarded to the target node via one UL PDU session tunnel. Firstly, the source NG-RAN shall inform the target NG-RAN that the source NG-RAN has not finished the UL QoS remapping before handover.Then the target NG-RAN can establish one UL PDU session tunnel for these remapping QoS flow. The source NG-RAN can forward the UL buffered data to the target NG-RAN via this UL PDU session tunnel. When the target NG-RAN receives the end marker from the old DRB from the UE, it will deliver the forwarded UL buffer data to the 5GC.

Proposal 1: For the UL data forwarding, the source NG-RAN informs the target NG-RAN  that the source NG-RAN has not finished the UL QoS flow remapping. 
Proposal 2: The target NG-RAN can determine to establish one UL PDU session tunnel for the UL buffered data based on the the UL QoS flow remapping information from the source NG-RAN.
2.2   DL data forwarding 
For the DL buffered data, because the source NG-RAN SDAP has not submitted these data to the new DRB, the source NG-RAN can inform the old mapping relation to the target NG-RAN. The source NG-RAN can forward the DL data to the DL existing data forwarding tunnel of the QoS flow. No enhancement of the DL data forwarding is needed.  

Proposal 3: For the DL data forwarding, no enhancement is needed. The source NG-RAN informs the old mapping relation to the target NG-RAN.
3   Conclusion
In this paper, we discussed the PDU session split during the inter-master node handover with/without secondary node change. We have the following proposes.
Observation 1: The NG-RAN will buffer the UL& DL data of the remapping QoS flow in the SDPA layer.
Observation 2: The buffered data of the QoS flow should be forwarded to the target NG-RAN node.
Proposal 4: For the UL data forwarding, the source NG-RAN informs the target NG-RAN  that the source NG-RAN has not finished the UL QoS flow remapping. 
Proposal 5: The target NG-RAN can determine to establish one UL PDU session tunnel for the UL buffered data based on the the UL QoS flow remapping information from the source NG-RAN.
Proposal 6: For the DL data forwarding, no enhancement is needed. The source NG-RAN informs the old mapping relation to the target NG-RAN.
Based on these proposals, the Annex provides the modification on 38.423 and [1] provides the modification on 38.413.
4   Reference

[1] R3-186955, (TP for NR BL CR for TS 38.413) Data forwarding and QoS flow remapping, Huawei
5   Annex – TP
Change Start
8.2.1
Handover Preparation

8.2.1.1
General

This procedure is used to establish necessary resources in an NG-RAN node for an incoming handover.

The procedure uses UE-associated signalling.

8.2.1.2
Successful Operation
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Figure 8.2.1.2-1: Handover Preparation, successful operation

The source NG-RAN node initiates the procedure by sending the HANDOVER REQUEST message to the target NG-RAN node. When the source NG-RAN node sends the HANDOVER REQUEST message, it shall start the timer TXnRELOCprep.
If the Signalling TNL association address at source NG-C side IE is included in the HANDOVER REQUEST message the target NG-RAN node shall behave as specified in TS 23.502 [13].
For each E-RAB ID IE included in the Qos Flow To Be Setup List IE in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store the content of the IE in the UE context and use it for subsequent inter-system handover.
If the Masked IMEISV IE is contained in the HANDOVER REQUEST message the target NG-RAN node shall, if supported, use it to determine the characteristics of the UE for subsequent handling.

At reception of the HANDOVER REQUEST message the target NG-RAN node shall prepare the configuration of the AS security relation between the UE and the target NG-RAN node by using the information in the UE Security Capabilities IE and the AS Security Information IE in the UE Context Information IE, as specified in TS 33.501 [28].

Upon reception of the PDU Session Resource Setup List IE, contained in the HANDOVER REQUEST message, the target NG-RAN node shall behave the same as specified in TS 38.413 [5] for the PDU Session Resource Setup procedure. The target NG-RAN node shall report in the HANDOVER REQUEST ACKNOWLEDGE message the successful establishment of the result for all the requested PDU session resources. When the target NG-RAN node reports the unsuccessful establishment of a PDU session resource, the cause value should be precise enough to enable the source NG-RAN node to know the reason for the unsuccessful establishment.

For each PDU session if the PDU Session Aggregate Maximum Bit Rate IE is included in the PDU Session Resources To Be Setup List IE contained in the HANDOVER REQUEST message, the target NG-RAN node store the received PDU Session Aggregate Maximum Bit Rate in the UE context and use it for non-GBR QoS flows for the concerned PDU session and concerned UE as specified in TS 23.501 [7].
For each QoS flow for which the source NG-RAN node proposes to perform forwarding of downlink data, the source NG-RAN node shall include the DL Forwarding IE set to "DL forwarding proposed" within the QoS Flows To Be Setup List IE in the PDU Session Resource To Be Setup List IE in the HANDOVER REQUEST message. For each PDU session that the target NG-RAN node decides to admit the data forwarding for at least one QoS flow, the target NG-RAN node includes the PDU Session level DL data forwarding GTP-U Tunnel Endpoint IE within the Data Forwarding Info from target NG-RAN node IE in the PDU Session Admitted Response Transfer IE contained in the PDU Sessions Admitted List IE in the HANDOVER REQUEST ACKNOWLEDGE message.
For each DRB for which the source NG-RAN node proposes to perform forwarding of downlink data, the source NG-RAN node shall include the DRB ID IE and the mapped Qos Flows List IE within the Source DRB to QoS Flow Mapping List IE contained in the PDU Session Resources To Be Setup List IE in the HANDOVER REQUEST message. For each QoS flow of this DRB for which the source NG-RAN node does not finish the QoS flow remapping, the source NG-RAN node shall set the QoS Flow Remapping Indication IE to "true" within the Source DRB to QoS Flow Mapping List IE. If the target NG-RAN node decides to use the same DRB configuration and to map the same QoS flows as the source NG-RAN node, the target NG-RAN node includes the DL Forwarding GTP Tunnel Endpoint IE within the Data Forwarding Response DRB List IE in the HANDOVER REQUEST ACKNOWLEDGE message to indicate that it accepts the proposed forwarding of downlink data for this DRB. If the source NG-RAN set one QoS Flow Remapping Indication IE  to "true" within the Source DRB to QoS Flow Mapping List IE,  The target NG-RAN node includes the PDU Session level UL data forwarding UP TNL Information IE within the Data Forwarding Info from target NG-RAN node IE in the PDU Session Admitted Response Transfer IE contained in the PDU Sessions Admitted List IE in the HANDOVER REQUEST ACKNOWLEDGE message.
If the HANDOVER REQUEST ACKNOWLEDGE message contains the UL Forwarding GTP Tunnel Endpoint IE for a given DRB in the Data Forwarding Response DRB List IE within Data Forwarding Info from target NG-RAN node IE in the PDU Session Resources Admitted List IE and the source NG-RAN node accepts the data forwarding proposed by the target NG-RAN node, the source NG-RAN node shall perform forwarding of uplink data for the DRB.
If the HANDOVER REQUEST ACKNOWLEDGE message contains the PDU Session level UL data forwarding UP TNL Information IE for a given PDU session in the Data Forwarding Info from target NG-RAN node IE in the PDU Session Resources Admitted List IE, the source NG-RAN node shall perform forwarding of uplink data for the QoS flow for which the source NG-RAN has not finished the QoS flow remapping.

If the HANDOVER REQUEST includes PDU session resources for PDU sessions associated to S-NSSAIs not supported by target NG-RAN, the target NG-RAN shall reject such PDU session resources. In this case, and if at least one PDU Session Resource To Be Setup Item IE is admitted, the target NG-RAN shall send the HANDOVER REQUEST ACKNOWLEDGE message including the PDU Session Resources Not Admitted List IE listing corresponding PDU sessions rejected at the target NG-RAN.
Next change
9.2.1.15
DRB to QoS Flow Mapping List

This IE contains a list of DRBs containing information about the mapped QoS flows.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DRBS to QoS Flow Mapping Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>DRB ID
	M
	
	9.2.3.33
	
	– 
	

	>QoS Flows List
	
	1
	
	
	–
	

	>>QoS Flow Item
	
	1..<maxnoofQoSFlows>
	
	
	–
	

	>>>QoS Flow Indicator
	M
	
	9.2.3.10
	
	–
	

	>>>QoS Flow Mapping Indication
	O
	
	9.2.3.79
	
	–
	

	>>>QoS Flow Remapping Indication
	O
	
	9.2.3.xx
	
	–
	


	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs allowed towards one UE. Value is 32. 

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.


Next change
9.2.1.16
Data Forwarding Info from target NG-RAN node

This IE contains TNL information for the establishment of data forwarding tunnels towards the target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PDU Session level DL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward NG-U DL data to the target node for which no PDCP SN has been assigned yet.
	–
	

	PDU Session level UL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward the UL buffered SDAP PDU when the source NG-RAN does not finish the UL QoS flow remapping.
	–
	

	Data Forwarding Response DRB List
	
	0..1
	
	
	–
	

	>Data Forwarding Response DRB Item
	
	1..<maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>DL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	–
	

	>>UL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	–
	


	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs. Value is 32.


Next change
9.2.3.xx
 QoS Flow UL Remapping Indication

This IE is used to indicate whether the source NG-RAN is remapping of a QoS flow.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Flow UL Remapping Indication
	M
	
	ENUMERATED (true, ...)
	This IE indicates whether the source NG-RAN is remapping of a QoS flow


Next change
9.3.5
Information Element definitions

DRBToQoSFlowMapping-List ::= SEQUENCE (SIZE (1..maxnoofDRBs)) OF DRBToQoSFlowMapping-Item
DRBToQoSFlowMapping-Item ::= SEQUENCE {


drb-ID






DRB-ID,


qosFlows-List




QoSFlows-List,


qosFlowMappingIndication

QoSFlowMappingIndication


OPTIONAL,

qosFlowULRemappingIndication

QoSFlowULRemappingIndication

OPTIONAL,

iE-Extension

ProtocolExtensionContainer { {DRBToQoSFlowMapping-Item-ExtIEs} }
OPTIONAL,


...

}

Next change
QoSFlowULRemappingIndication ::= ENUMERATED {


true,

...

}

Next change
DataForwardingInfoFromTargetNGRANnode ::= SEQUENCE {


pduSessionLevelDLDataForwardingInfo



UPTransportLayerInformation







OPTIONAL,

pduSessionLevelULDataForwardingInfo



UPTransportLayerInformation







OPTIONAL,


dataForwardingResponseDRBItemList



DataForwardingResponseDRBItemList





OPTIONAL,


iE-Extension

ProtocolExtensionContainer { {DataForwardingInfoFromTargetNGRANnode-ExtIEs} }
OPTIONAL,


...

}
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