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1 Introduction

RAN3 discussed end marker handling for data forwarding during intra-system handover and agreed the text to stage 2 BR CR:
Handling of end marker packets

The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node forwards the GTP-U end marker packets received from the UPF towards the target NG-RAN node over the PDU session tunnel. If forwarding DRB tunnels have been setup, the source NG-RAN node generates one or several GTP-U end marker packets over each forwarding DRB tunnel when no more data packets are to be forwarded over that tunnel.
For inter-system handover, RAN3 discussed two solutions for end marker handling based on the contribution in [1][2]. This contribution compared the two solutions on the table and revisited the end marker handling for intra-system HO and DC.

2 Discussion

In EPS system, the EPS bearer and the GTP-U tunnel is one to one mapping. There is no further classification on the data packets transmitted within one GTP-U tunnel. In 5G system, data packets transmitted in one tunnel may belong to different Qos flows. So QFI is defined in GTP-U extension header to differentiate different Qos flows transmitted in one GTP-U tunnel.
For data forwarding in inter-system handover, per PDU session tunnel is used between NG-RAN and UPF. The data transmitted over one GTP-U tunnel are for several Qos flows within one PDU session. For data forwarding in intra-system HO, both per DRB and per PDU session tunnel are supported.
2.1 Inter system handover from EPS to 5GS
The UPF/PGW-U will send per EPS bearer End marker to the SGW and the SGW forwards the received per EPS bearer End Marker to the source eNB. When no more data for an E-RAB to be forwarded, the source eNB forwards the received End Marker in the EPS bearer tunnel to the SGW and the SGW forwards it to the UPF/PGW-U. 

The key issue here is that how the 5GC sends End Marker to the target NG-RAN node i.e. step 4 in Figure 1.
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Figure 1: Data forwarding for inter-system handover from EPS to 5GS

Two solutions are on the table for the End Marker between UPF and the target RAN i.e. per E-RAB end marker and Per Qos flow end marker. For per Qos flow end marker, if UPF receives an end marker for one E-RAB, the UPF sends the End Marker by adding the QFI of the mapped Qow flow to the target NG-RAN node based on the mapping of EPS bearer and Qos flow. This is similar to handling of forwarded data i.e. adding QFI before forwarding the data to NG-RAN. So the End Marker from UPF to NG-RAN is per Qos flow. If per E-RAB end marker the target NG-RAN node has to configure a tunnel per E-RAB.
The following benefits can be foreseen for the per Qos flow end marker:

· UPF behavior is the same for forwarded data and forwarded end marker i.e. add the QFI in the header and transmit it to the target NG-RAN in the corresponding PDU session tunnel
· QFI in GTP-U header is already defined in TS38.415. No new field is needed in GTP-U extension header. 
· One mechanism between UPF and NG-RAN for data transmission, data forwarding and end marker handling.
· Compared with per PDU-session end marker, no transmission delay problem.
· The target node should send the data forwarded from the source to the UE firstly, then the new data from the UPF.
· In order to know whether no more data from the source, End marker is defined.
· UPF will receive per E-RAB end marker from the SGW.

· If per Qos flow end marker, once UPF receives an end marker for one E-RAB, the UPF could send end marker for the mapped Qos flow(s) to the target. Then the target could start to transmit the new data to the UE for those Qos flow(s). The UPF doesn’t need to wait for the end marker of all the E-RABs in the PDU session.
The following table gives the comparison of the solutions, not only the two solution discussed in last meeting, but also the per PDU session end marker.
Table 1
	End marker between UPF and target NG-RAN
	Pros
	Cons

	Per Qos flow
	· UPF behavior is the same for forwarded data and forwarded end marker i.e. add the QFI in the header and transmit it to the target NG-RAN in the corresponding PDU session tunnel

· QFI in GTP-U header is already defined in TS38.415. No new field is needed in GTP-U extension header. 
· No transmission delay problem:

· Once UPF receives an end marker for one E-RAB, the UPF could send end marker for the mapped Qos flow(s) to the target. Then the target could start to transmit the new data to the UE for those Qos flow(s). The UPF doesn’t need to wait for the end markers of all the E-RABs in the PDU session.
	No. 

Note: people may think the end marker is not per tunnel anymore. This is one fundamental difference between EPS and 5GS:
In EPS system, the EPS bearer and the GTP-U tunnel is one to one mapping. There is no further classification on the data packets transmitted within one GTP-U tunnel. In 5G system, data packets transmitted in one tunnel belongs to different Qos flows. So QFI is defined in GTP-U extension header to differentiate different Qos flows transmitted in one GTP-U tunnel.

	Per E-RAB
	End marker is per tunnel. -> This is not important.  Because for forwarded data, UPF needs to add QFI to allow different Qos flows in one EPS bearer level tunnel. UPF can have the same behavior for the forwarded end marker.
	The NG-RAN needs to configure the GTP-U tunnel per E-RAB.

Currently, NG-RAN does Qos flow to DRB mapping based on QFI/PDU session ID. For supporting this E-RAB level tunnel, the NG-RAN needs to do Qos flow to DRB mapping by considering the mapping of E-RAB and PDU session ID and QFI. This is a new function for the NG-RAN node.

	Per PDU session
	End marker is per tunnel. -> This is not important.  Because for forwarded data, UPF needs to add QFI to allow different Qos flows in one PDU session tunnel. UPF can have the same behavior for the forwarded end marker.
	Receiving the End Marker for an EPS bearer doesn’t mean that no more data will be forwarded for the corresponding PDU session. UPF has to wait the end markers of all the E-RABs in one PDU session received, then sends end marker to the target.
The target has not wait for the last forwarded packet in the PDU session, then transmit the new data for each Qos flow this PDU session.


From above comparison, it could be observed that per Qos flow end marker between UPF and target NG-RAN node has clear benefits.
Proposal 1: It is proposed to agree the per Qos flow end marker from the UPF to the target NG-RAN for inter-system handover from EPS to 5GS.

2.2 Inter system handover from 5GS to EPS
UPF/PGW-U should stop data transmission to the source NG-RAN node and starts data transmission to the target system once the UE access to the target eNB i.e. the UPF/PGW-U receives Modify Bearer Request message. So the UPF should send one or several End marker packets in the per PDU session tunnel to the source NG-RAN node. The end marker is per PDU session. 

Observation 1: End Marker per PDU session from UPF to the source NG-RAN node is enough for inter-system handover from 5GS to EPS.
The issue that deserves to be discussed is the End Marker from the source NG-RAN node to the 5GC as shown in Figure 2. Here it is assumed that Qos flow-1 and Qos flow-2 are mapped to EPS bearer-1 (B1). Qos Flow-3 is mapped to EPS bearer-2 (B2).
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Figure 2: Data forwarding for inter-system handover from 5GS to EPS

Two solutions were discussed for the End Marker from source NG-RAN to the UPF i.e. per E-RAB end marker and Per Qos flow end marker. For per Qos flow end marker, the source NG-RAN sends the End Marker by adding the QFI to the UPF once no more data to be forwarded for a Qos flow. UPF removes the QFI in the header and forwards the end marker to the SGW. This is similar to handling of forwarded data i.e. removing QFI before forwarding the data to SGW. If per E-RAB end marker the source NG-RAN node and the UPF have to configure a tunnel per E-RAB.

Table 2 gives the comparison of the solutions, not only the two solution discussed in last meeting, but also the per PDU session end marker.
Table 2
	End marker between UPF and target NG-RAN
	Pros
	Cons

	Per Qos flow
	· UPF behavior is the same for forwarded data and forwarded end marker i.e. removing the QFI in the header and transmit it to the SGW in the corresponding E-RAB tunnel

· QFI in GTP-U header is already defined in TS38.415. No new field is needed in GTP-U extension header. 
· Compared with per PDU-session end marker, no transmission delay problem:

· Once no more data to be forwarded for a Qos flow, the source NG-RAN sends the End Marker including the QFI in th header to the UPF. The source doesn’t need to wait for the last data packets of all the Qos flows in the PDU session to be forwarded. The target could start to transmit the new data for the corresponding E-RAB as soon as possible.
	The source NG-RAN node needs to add QFI in the header.


	Per E-RAB
	End marker is per tunnel. -> This is not important.  Because for forwarded data, QFI is added to the header to to allow different Qos flows in one tunnel. 
	The NG-RAN and UPF needs to configure the GTP-U tunnel per E-RAB.

The source NG-RAN node receives per PDU session end marker from UPF. The NG-RAN node needs to create per E-RAB end marker. In order to create the per E-RAB end marker, the source NG-RAN node needs to check whether the data packets for one E-RAB has been forwarded based on Qos flow to E-RAB mapping. To check the mapping for each packet bring complexity for NG-RAN node.

	Per PDU session
	End marker is per tunnel. -> This is not important.  Because for forwarded data, QFI is added to the header to allow different Qos flows in one tunnel. 

	The source has to wait for the data packets of all the Qos flows in the PDU session to be forwarded then send the end marker.

The target eNB cannot timely transmit data of an E-RAB to the UE even if no more packets are from the source. This is even bad than inter-eNB handover.
UPF duplicates the end marker for each EPS bearer in the PDU session and sends them to the SGW through the EPS bearer tunnels


Overall, the data transmission delay should be avoided as much as possible. Per Qos flow end marker has other advantages e.g. simple UPF and NG-RAN behavior.
Proposal 2: It is proposed to agree the per Qos flow end marker from the source NG-RAN node to the UPF for inter-system handover from 5GS to EPS.

2.3 Intra system handover

When the UE arrives to the target NG-RAN node, the target NG-RAN node sends Path Switch Request message to the 5GC. If the path switch request procedure is successful, the UPF will send one or several End marker packets to the source NG-RAN node. The UPF starts to send DL data to the target NG-RAN node. Since the UE already access to the target NG-RAN node, there is no reason for the UPF to continue to send DL packets to the source NG-RAN node for some PDU sessions or for some Qos flows (the source has to forward those back to the target otherwise). Therefore, from UPF to source NG-RAN node, End Marker per PDU session tunnel is enough. This is also applied to the NG based handover.

Observation 2: End Marker per PDU session tunnel from UPF to the source NG-RAN node is enough.
If forwarding DRB tunnels have been setup, the source NG-RAN node generates one or several GTP-U end marker packets over each forwarding DRB tunnel when no more data packets are to be forwarded over that tunnel. 
The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node forwards the GTP-U end marker packets received from the UPF towards the target NG-RAN node over the PDU session tunnel. With this mechanism, the source NG-RAN node has to wait the data packets for all the Qos flows in the PDU session have been forwarded, then forwards the End Marker received from the UPF to the target. The target NG-RAN node will firstly transmit the forwarded data to the UE then the data received from the 5GC. This will lead to data transmission delay from the target NG-RAN node to the UE for some Qos flows. E.g. as shown in Figure 1, there are three Qos flows in a PDU session. The data packets of Qos flow-2 are already forwarded to the target when receiving end marker in the corresponding PDU session tunnel from the UPF. If the End Marker over Xn is also per PDU session, the source has to wait for forwarding all the data packets of Qos flow-1, Qos flow-2 and Qos flow 3 to the target, then forward the End marker received from UPF to the target in the PDU session tunnel. The target doesn’t aware that no more data packets for Qos flow-2 will come from the source NG-RAN node. Even if the target receives new data of Qos flow-2 from UPF, it has to wait the end marker of the PDU session from source. This will delay the data transmission from the target NG-RAN node to the UE.
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Figure 1: Data forwarding for intra-system handover
Observation 3: End Marker per PDU session from the source NG-RAN node to the target NG-RAN node will bring data transmission delay.
Reduce the data transmission delay during handover is always very important. In order to solve above issue, the source NG-RAN node could generate per Qos flow end marker. E.g. when the source NG-RAN node receives End marker packet(s) from UPF and no more data for Qos flow-2 to be forwarded, the source NG-RAN node send an End Marker which includes QFI of Qos flow-2 in the PDU session tunnel to the target NG-RAN node. Then the target NG-RAN node starts to transmit the data of Qos flow-2 received from UPF to the UE. When no more data for Qos flow-1 to be forwarded, the source NG-RAN node send an End Marker which includes QFI of Qos flow-1 in the PDU session tunnel to the target NG-RAN node. Then the target NG-RAN node starts to transmit the data of Qos flow-1 received from UPF to the UE. Finally, the source sends the End Marker of Qos flow-3 to the target.

Observation 4: End Marker per Qos flow in the corresponding PDU session tunnel from the source NG-RAN node to the target NG-RAN node will solve the data transmission delay problem.

For supporting inter-system HO from 5GS to EPS, the source NG-RAN node can already sends end marker per Qos flow. So the data transmission delay problem could be solved without additional pain.
The above explanation is taking Xn based handover as example. For NG based handover, the same issue and solution applies.
Proposal 3: It is proposed that the source NG-RAN node generate per Qos flow End Marker and send to the target NG-RAN for intra-system HO.
2.4 MR-DC
The solution and proposal in section 2.3 for intra-system HO is also applicable to MR-DC.
Observation 5: The solution and proposal in section 2.3 for intra-system HO is also applicable to MR-DC.
3 Conclusion
This contribution discussed the End Marker handling for inter-system HO, intra-system HO, and MR-DC and made the following observations and proposals:
Proposal 1: It is proposed to agree the per Qos flow end marker from the UPF to the target NG-RAN for inter-system handover from EPS to 5GS.

Observation 1: End Marker per PDU session from UPF to the source NG-RAN node is enough for inter-system handover from 5GS to EPS.
Proposal 2: It is proposed to agree the per Qos flow end marker from the source NG-RAN node to the UPF for inter-system handover from 5GS to EPS.

Observation 2: End Marker per PDU session tunnel from UPF to the source NG-RAN node is enough.
Observation 3: End Marker per PDU session from the source NG-RAN node to the target NG-RAN node will bring data transmission delay.
Observation 4: End Marker per Qos flow in the corresponding PDU session tunnel from the source NG-RAN node to the target NG-RAN node will solve the data transmission delay problem.

Proposal 3: It is proposed that the source NG-RAN node generate per Qos flow End Marker and send to the target NG-RAN for intra-system HO.
Observation 5: The solution and proposal in section 2.3 for intra-system HO is also applicable to MR-DC.
The CR to stage 2 is provided in the annex. 
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Text proposal
9.2.3.2.x
Data Forwarding
The following description depicts the data forwarding principles for intra-system handover (applicability to be confirmed for the indirect forwarding case).  

When “lossless handover” is required the source NG-RAN node may include information on DRBs for which PDCP SN status needs to be preserved. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session. 

In case of no lossless data forwarding, the target NG-RAN node may send back to the source NG-RAN node one tunnel address for the PDU session to enable the source NG-RAN node to forward all the new incoming packets of the PDU session.
The following description depicts the data forwarding principles for intra-system Xn handover. 

The source NG-RAN node may request from the target NG-RAN node per DRB the establishment of a DL data forwarding tunnel. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the DL data forwarding. For DRBs for which preservation of SN status applies, the target NG-RAN node may also establish a UL data forwarding tunnel.

The source NG-RAN node may propose forwarding of fresh DL user data packets.

-
For QoS flows accepted for data forwarding by the target NG-RAN node that are mapped at the source RAN node to a DRB for which no DRB DL forwarding tunnel was established or for which no mapping information was provided, the target NG-RAN establishes one DL forwarding tunnel for the corresponding PDU Session via which SDAP SDUs of the QoS flows are forwarded.

-
For any QoS flow accepted for data forwarding by the target NG-RAN node and for which a DRB DL forwarding tunnel was established for a DRB to which this QoS flow was mapped at the source NG-RAN node, PDCP SDUs of the QoS flow are forwarded via this DRB DL forwarding tunnel.

For DRBs for which preservation of SN status applies

-
The source NG-RAN node may forward in order to the target NG-RAN node all downlink PDCP PDUs with their SN that have not been acknowledged by the UE via the DRB DL forwarding tunnel.

-
The source NG-RAN node:

-
either discards the uplink PDCP PDUs received out of sequence if the source NG-RAN node has not accepted the request from the target NG-RAN node for uplink forwarding or if the target NG-RAN node has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
 or forwards to the target NG-RAN node the uplink PDCP PDUs received out of sequence if the source NG-RAN node has accepted the request from the target NG-RAN node for uplink forwarding for the bearer during the Handover Preparation procedure.
Handling of end marker packets:
The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node generate one or several GTP-U end marker including the QFI of the Qos flow when no more data packets are to be forwarded for a Qos flow and sends the end marker packets towards the target NG-RAN node over the PDU session tunnel. If forwarding DRB tunnels have been setup, the source NG-RAN node generates one or several GTP-U end marker packets over each forwarding DRB tunnel when no more data packets are to be forwarded over that tunnel. For a Qos flow that the target NG-RAN node has received the a end marker packet from the source NG-RAN node, the target NG-RAN node starts to transmit the data packets of the Qos flow received from the core network towards the UE.
Next Change (R3-180586, R3-181466)
9.3
Inter RAT
[Unchanged text skipped]
9.3.2
From 5GC to EPC

[Unchanged text skipped]
9.3.2.4
Data Forwarding

The inter-System data forwarding follows the following key principles:

-
Only indirect data forwarding is supported.
-
PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-
At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB.
-
The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-
A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding. For the QoS flow(s) accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s). Then the UPF maps data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s).
Handling of end marker packets:
The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF. If a forwarding PDU session tunnel has been setup, the source NG-RAN node generate one or several GTP-U end marker including the QFI of the Qos flow when no more data packets are to be forwarded for a Qos flow and sends the end marker packets to the UPF over the PDU session tunnel. With the QFI in the GTP-U extension header and the mapping of the QFI and EPS bearer ID, the UPF knows the mapped EPS bearer. If the end marker for the mapped Qos flows of the EPS bearer is received from the source NG-RAN node, UPF removes the QFI and sends the End marker to the SGW in the mapped EPS bearer tunnel.
9.3.x
From EPC to 5GC

9.3.x.y
Data Forwarding

The inter-System data forwarding from EPS to 5GS follows the following key principles:

-
Only indirect data forwarding is supported.
-
The target NG-RAN node receives in the Handover Request message the mapping between E-RAB ID(s) and QoS Flow ID(s). It decides whether to accept the data forwarding for E-RAB IDs proposed for forwarding within the source to target container. It assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted forwarding.  

-
The target NG-RAN node sends the Handover Request Acknowledge message in which it indicates the list of PDU sessions and QoS flows for which it has accepted the forwarding.  
-
The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted the forwarding of corresponding PDU sessions and QoS flows. 

-
For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel. Then the UPF maps the data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel. The target NG-RAN node prioritizes the forwarded packets over the fresh packets for those QoS flows which are involved in the accepted forwarding. 
Handling of end marker packets:
The UPF/PGW-U sends per EPS bearer End marker to the SGW and the SGW forwards the received per EPS bearer End Marker to the source eNB. When no more data for an E-RAB to be forwarded, the source eNB forwards the received End Marker in the EPS bearer tunnel to the SGW and the SGW forwards it to the UPF/PGW-U. The UPF adds QFI to the End Marker packet based on the mapping of Qos flow and EPS bearer and sends the per Qos flow End marker to the source NG-RAN node in the per PDU session tunnel. For a Qos flow that the target NG-RAN node has received the end marker packets, the target NG-RAN node starts to transmit the data packets of the Qos flow received from the core network towards the UE.
5GC
5GC
5GC
Target NG-RAN node
Source eNB
QF1
QF2
QF3
1 Handover Notify
4. End marker per Qos flow or per E-RAB ?
Data in B1
Data in B2
5 DL data
MME/SGW
2. End marker per EPS bearer
2 End marker per EPS bearer
Data in B1
Data in B2
3 End marker per EPS bearer
Data in B1
Data in B2
Data in B1
Data in B2
Data in B1
3 End marker per EPS bearer
Data in B2
Data in B2
Data in B2
Data in B2
Data in B2
Data in B2



5GC
5GC
5GC
Source NG-RAN node
Target eNB
QF1
QF2
QF3
1 Handover Notify
2. End marker per PDU session tunnel
Data in B1
Data in B2
5 DL data
MME/SGW
3. End marker per Qos flow or per E-RAB ?
???
4. End marker per EPS bearer
4. End marker per EPS bearer tunnel
Data in B1
Data in B2
Data in B1
Data in B2
Data in B1
Data in B2



5GC
5GC
5GC
Source NG-RAN node
Target NG-RAN node
QF1
QF2
QF3
Data fowarding
1 Path Switch
2. End marker per PDU session tunnel
QF1
QF2
QF3
3 DL data
QF2
QF3



