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1. Introduction
In last RAN3 AH meeting, the data forwarding and end marker handling for the intra-system and inter-system handover have been discussed, some consensuses have been reached as follows:

-> From the UPF to the source NG-RAN node, we have end markers per-PDU session

Make-before-break can be set aside for now

Per-QoS-flow end marker is not needed for intra-system
Based on the summary of offline discussion [1], two approaches, i.e. sol.2 and sol.3, on inter-system data forwarding and end marker handling were left to discuss.
In this paper, we present our view on these two approaches and give the corresponding proposal.
2. Discussion
In the last meeting, it seems that the forwarding tunnels between eNB and EPS and between EPS and 5GC have been agreed to be the per E-RAB tunnel for data forwarding. The only forwarding tunnel which has not been decided yet is the tunnel between 5GC(UPF) and NG-RAN. Therefore, we focus our discussion on this forwarding tunnel. 
· Per-PDU session forwarding tunnel between UPF and NG-RAN
For inter-system handover from EPS to 5GS and from 5GS to EPS, the impacts of per-PDU session forwarding tunnel establishment on UPF and NG-RAN were shown in Fig.1 and Fig.2. From Fig.1 and Fig.2, we can see that for per-PDU session tunnel forwarding mechanism, UPF will take on the more processing work of the forwarding packets and NG-RAN function doesn’t need to be changed much. Table 1 gives the functions of UPF and NG-RAN shall be implemented for per-PDU session forwarding tunnels.
Table 1 Functions of UPF and NG-RAN for per-PDU session forwarding tunnel establishment
	
	EPS ( 5GS handover
	5GS ( EPS handover

	UPF
	· Assigning QFI for the receiving per-E-RAB packets;
· Forwarding data from per-E-RAB tunnels into per-PDU session tunnels;
· Adding QFI to per-E-RAB end markers and sending them via PDU session tunnels;
	· Removing QFI tag and forwarding packets from per-PDU session tunnel to per-E-RAB tunnel;

· Removing QFI tag and forwarding per-PDU session end marker into per-E-RAB end markers. 

· If the forwarding packets in a PDU session tunnel contain multiple QFIs, UPF shall forward the different QFI packets over the different E-RAB tunnels, i.e. one to one mapping between QFI ID and E-RAB ID, and UPF also need duplicate a PDU session end marker and send them via different E-RAB tunnels.

	NG-RAN
	· Functions don’t need to be changed basically;
	· Functions don’t need to be changed;



The impacts of the per-PDU session forwarding mechanism on NG-RAN function is related with UPF mapping approach between E-RAB ID and PDU Session ID. If UPF performs one to one mapping from E-RAB ID to PDU Session ID and assigns one QFI to per-E-RAB tunnel packets, UPF can send per-E-RAB tunnel end marker to the corresponding PDU session tunnel, this mechanism keeps the principle of “per-PDU session end markers”. Otherwise, if UPF maps multiple E-RAB tunnel packets into one PDU session tunnel, UPF has to send multiple E-RAB tunnel end markers into one PDU session tunnel, it breaks out the principle of “per-PDU session end markers” and the function of NG-RAN end marker processing has to be changed correspondingly. Therefore, for per-PDU session forwarding tunnel establishment between UPF and NG-RAN, we propose that UPF shall take one to one mapping between E-RAB ID and PDU Session ID to keep the NG-RAN function consistency for intra-system and inter-system handover end marker processing.
	
[image: image1.emf]Source 

eNB

GW

Per PDU Session 

Forwarding Tunnel

Per E-RAB 

Forwarding 

Tunnel

UPF

Target

NG-RAN

Per E-RAB 

Forwarding Tunnel

Assigns QFI to Per E-

RAB packets

Attaches QFI to Per E-

RAB end markers

Receiving Per PDU 

Session packets

Receiving Multiple Per 

E-RAB/QoS end markers

Direct Forwarding 

Tunnel


	
[image: image2.emf]Target 

eNB

GW

Per PDU Session 

Forwarding Tunnel

Per E-RAB 

Forwarding 

Tunnel

UPF

Source

NG-RAN

Per E-RAB 

Forwarding Tunnel

Maps packets from Per 

PDU Session to Per E-

RAB, Remove QFI

Forwards Per PDU 

Session end-marker into 

Per E-RAB tunnel

Forwards Per PDU 

Session packets

Sends Per PDU Session 

End markers

Direct Forwarding 

Tunnel




	Fig. 1 Per PDU Session forwarding tunnel from UPF to NG-RAN
	Fig. 2 Per E-RAB forwarding tunnel from NG-RAN to UPF


· Per-E-RAB forwarding tunnel establishment between UPF and NG-RAN

The impacts of per-E-RAB forwarding tunnel establishment on UPF and NG-RAN were given in Fig.3 and Fig.4. From Fig.3 and Fig.4, we can see that for per-E-RAB forwarding mechanism, being opposite to per-PDU session forwarding mechanism, UPF just need to forward packers transparently. NG-RAN need to do packet processing work. Table 2 gives the function of UPF and NG-RAN shall be implemented for per-E-RAB forwarding tunnels.
Table 2 Functions of UPF and NG-RAN for per-E-RAB forwarding tunnel establishment
	
	EPS ( 5GS handover
	5GS ( EPS handover

	UPF
	· Provide E-RAB tunnel ID to NG-RAN
· Forward per-E-RAB tunnel packets transparently to NG-RAN;
	· Provide E-RAB tunnel ID to NG-RAN
· Forward per-E-RAB tunnel packets transparently to EPS;

	NG-RAN
	· Perform the mapping from E-RAB ID to DRB;
· Map forwarding packets to DRBs;
· Process the per-E-RAB end marker;
	· Perform the mapping from DRB to E-RAB ID;
· Remove QFI from packet header and forward packets into E-RAB tunnels;
· Generate and send the per E-RAB end markers;
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	Fig. 3 Per-E-RAB forwarding tunnel from UPF to NG-RAN
	Fig. 4 Per-E-RAB forwarding tunnel from NG-RAN to UPF


Based on above analysis, we can observe that the advantage of per-PDU session forwarding tunnel establishment is that NG-RAN can keep the existing function for transmitted data and forwarded data without the additional modification, the packet transfer works from PDU session tunnels to E-RAB tunnels are implemented in UPF. The drawbacks of this mechanism are that 1) it can’t support the packet direct forwarding between eNB and NG-RAN which is the most advantage of per-E-RAB forwarding tunnel mechanism, 2) UPF need to add QFI to per-E-RAB forwarding data and end markers. 
For the per-E-RAB forwarding tunnel mechanism, it seems that NG-RAN need to do a lot of additional packet forwarding work, but for NG-RAN with the feature of EN-DC (i.e. NG-RAN connected to EPC via S1), it has already supported most functions of per-E-RAB forwarding tunnel packet processing, such as performing the mapping from E-RAB ID to DRB and forwarding per-E-RAB packets to DRBs or vice versa. Thus, the only additional work of per-E-RAB forwarding tunnel mechanism is UPF needs to assign a per-E-RAB forwarding tunnel, which connects to NG-RAN, over NG interface.

Considering at the early stage of 5G network deployment, the coverage of 5G network is poor, the inter-system handover between 4G and 5G may happen frequently, the per-E-RAB forwarding tunnel mechanism can support the direct data forwarding between eNB and NG-RAN which can improve the system handover performance and reduce the handover load of 5GC. Therefore, the per-E-RAB forwarding tunnel mechanism shall be considered.
Observation: the per-E-RAB forwarding tunnel mechanism doesn’t bring more additional complexity to NG-RAN implementation and can easily support the direct data forwarding between eNB and NG-RAN.
Proposal: Considering the 5G poor coverage at the early stage of 5G network deployment, the per-E-RAB forwarding tunnel mechanism shall be considered.
3. Proposal
In this contribution, we present our view on the per-PDU session and per-E-RAB forwarding tunnel handover mechanism. The observation and proposal are summarized as follows:

Observation: the per-E-RAB forwarding tunnel mechanism doesn’t bring more additional complexity to NG-RAN implementation and can easily support the direct data forwarding between eNB and NG-RAN.

Proposal: Considering the 5G poor coverage at the early stage of 5G network deployment, the per-E-RAB forwarding tunnel mechanism shall be considered.
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