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1
Introduction

We have discussed inter-system HO forwarding at the July NR AH in R3-184063 and tried to establish principles based on inter-system handover. In August at RAN3#101 discussions continued, latest status of discussions was captured in R3-185159.
2
Discussion

Let's start by looking at the overall system architecture for inter-working between EPS and 5GS via N26:
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Figure: System architecture, N26 based inter-system interworking.

The status of discussions captured in R3-184272 the following two concepts:

solution 2: E-RAB level data forwarding tunnels between eNB and the serving UPF, interworking at UPF in order to transform the E-RAB level tunnels to one or more PDU session tunnels.

solution 3: end-to-end E-RAB level data forwarding tunnels between source and target RAN node, hence no interworking at UPF

The interworking necessary may be depicted in the following way:
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Figure: interworking between different kinds of forwarding tunnels for Solution 2 at UPF

This obvious difference does not mean that interworking/transformation would not be needed at all, the NG-RAN node (both, in source and target node role) would need to perform an equivalent task, however, the difference is, that this interworking/transformation would happen in the same node that controls that interworking process. It would be the NG-RAN node that instructs the UPF (via the SMF) how to perform mapping of data from E-RAB to PDU session tunnels and vice versa, while for solution 3, control and execution of this task is done in the same node. Distributed systems are always more complicated to design and to operate, we have seen discussions on how to handle end-markers that such approach would come with a cost.

Observation 1:
While Solution 3 concentrates functions in the NG-RAN node, Solution 2 runs the same functions in several nodes, which comes with cost of complexity.
We have also discussed last time that probably the freedom to assign QoS flows to DRBs is a bit limited with solution 3, however, having in mind LS in in R2-1813049, for EPS to 5GS HO, it is assumed that in intra-system HO a target NG-RAN node would be able to cope with different DRB mappings at data forwarding and after data forwarding. So, there is no issue for the EPS to 5GS HO case.

Observation 2:
For EPS to 5GS, solution 3 is not limited in assigning QoS flows to DRBs, as a target NG-RAN node is able to cope with different DRB mapping rules at data forwarding and after data forwarding, as in intra-system HO.
In the 5GS to EPS case, it is assumed that neither QoS flow to DRB mapping at NG-RAN, nor service data flow to E-RAB mapping at the PDN GW would multiplex services of completely different kinds into one radio bearer. So a case, where a more granular QoS flow to DRB mapping at the source NG-RAN node would have to cope with non-matching QoS flow to E-RAB mapping is rather a matter of misconfiguration.

Observation 3:
Also for 5GS to EPS, solution 3 is de-facto not limited in assigning QoS flows to DRBs, as QoS flow to E-RAB mapping rules that do not match with DRB mapping decisions at the source NG-RAN node would rather reveal an unreasonable configuration than a principle problem.
We have tried to summarize functions necessary for both solutions in the tables below under the following aspects:

-
whether a function is already available in an NG-RAN node for support of data forwarding at intra-system HO

-
additional functionality needed, as compared to intra-system HO

-
functions in both UPF (and by that including signalling effort to configure UPF with signalling towards it from NG-RAN/AMF/SMF) and NG-RAN node

EPS to 5GS HO:
	
	solution 2
	solution 3

	
	UPF
	(target) NG-RAN node
	UPF
	(target) NG-RAN node

	QoS flow to DRB allocation
	
	may decide any mapping
	
	intra-system supports remapping at HO, and data forwarding with source side mapping, this function can be re-used, so no limitation 

	forwarding tunnel establishment
	UPF has to mux incoming E-RAB forwarding tunnels
	has to control muxing of E-RAB forwarding tunnels into an PDU Session level forwarding tunnel
	for indirect data forwarding, pure relaying
	allocating forwarding tunnel endpoints

	direct data forwading possible
	no
	yes

	handling of incoming forwarded packets
	addition of NG-U header
	treatment as if forwarded packets would be received on an PDU Session forwarding tunnel
	relaying
	treatment as if forwarded packets would be received on a DRB forwarding tunnel at intra-system HO

	handling of end-marker packets
	adding NG-U header on a per E-RAB tunnel basis
	unblock fresh data based on (new) NG-U header
	relaying
	same as for intra-system HO


5GS to EPS HO:
	
	solution 2
	solution 3

	
	UPF
	(source) NG-RAN node
	UPF
	(source) NG-RAN node

	QoS flow to DRB allocation
	
	may decide any mapping
	
	mis-matching DRB and E-RAB mappings rather a matter of misconfiguration

	forwarding tunnel establishment
	UPF has to de-mux incoming E-RAB forwarding tunnels
	has to control de-muxing of E-RAB forwarding tunnels from an PDU Session level forwarding tunnel
	for indirect data forwarding, pure relaying
	allocating forwarding tunnel endpoints

	direct data forwading possible
	no
	yes

	handling of incoming forwarded packets
	removal of NG-U header
	treatment as if forwarded packets would be sent on an PDU session level forwarding tunnel
	relaying
	treatment as if forwarded packets would be sent on a DRB forwarding tunnel at intra-system HO

	handling of end-marker packets
	adding NG-U header on a per E-RAB tunnel basis
	replication of end-markers with NG-U header for one QoS flow per E-RAB
	relaying
	same as for intra-system HO


One can clearly see that Solution 2 would have to introduce several new functions, plus the burden of designing/operating a distributed system. Such would not justify an approach to “shield” the NG-RAN node from “direct contact” with forwarded E-RAB user data and emulating a PDU session level forwarding tunnel. Even that attempt would require the additional function of adding an NG-U header to end marker packets.

Observation 4:
Overall, one can observe, that in Solution 2 the cost of “shielding” the NG-RAN node from “direct contact” with forwarded E-RAB user data comes with quite a high cost, while in Solution 3 functions available from intra-system HO can be re-used.
3
Conclusion
We went through several aspects (again) to highlight the differences between solution 2 and solution 3 and observed the following aspects:

Observation 1:
While Solution 3 concentrates functions in the NG-RAN node, Solution 2 runs the same functions in several nodes, which comes with cost of complexity.
Observation 2:
For EPS to 5GS, solution 3 is not limited in assigning QoS flows to DRBs, as a target NG-RAN node is able to cope with different DRB mapping rules at data forwarding and after data forwarding, as in intra-system HO.
Observation 3:
Also for 5GS to EPS, solution 3 is de-facto not limited in assigning QoS flows to DRBs, as QoS flow to E-RAB mapping rules that do not match with DRB mapping decisions at the source NG-RAN node would rather reveal an unreasonable configuration than a principle problem.
Observation 4:
Overall, one can observe, that in Solution 2 the cost of “shielding” the NG-RAN node from “direct contact” with forwarded E-RAB user data comes with quite a high cost, while in Solution 3 functions available from intra-system HO can be re-used.
It is proposed to agree following Solution 3, i.e. design inter-system HO data forwarding with E-RAB data forwarding tunnels established between the involved eNB and NG-RAN.
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