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1 Introduction

From TS23.502 [1], it could be observed that SA2 agreed in-direct data forwarding for inter-RAT inter-system handover. How to support data forwarding was briefly discussed without conclusions in RAN3#96 meeting. This contribution discussed the potential solutions for data forwarding from 5GS to EPS. 
2 Discussion
For intra-LTE S1 handover and inter-RAT handover between LTE and 3G/2G, the data forwarding mechanism for DL:

· The source base station proposes DL data forwarding per E-RAB. The source eNB includes the DL Forwarding IE in the source eNB to target eNB transparent container and sends the proposal to the target side via CN transparently.

IEs abstracted from “Source eNB to Target eNB Transparent Container”:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 [16].

	E-RABs Information List
	
	0..1
	
	

	>E-RABs Information Item
	
	1 .. <maxnoof E-RABs>
	
	

	>>E-RAB ID
	M
	
	9.2.1.2
	

	>>DL Forwarding
	O
	
	9.2.3.14
	

	……
	
	
	
	


· The target base station decides whether to admit the proposal or not and assigns the forwarding TEID and transport layer address if accept.
	E-RABs Admitted List
	
	1
	
	

	>E-RABs Admitted Item IEs
	
	1 .. <maxnoofE-RABs>
	
	

	>>E-RAB ID 
	M
	
	9.2.1.2
	

	>>Transport Layer Address
	M
	
	9.2.2.1
	

	>>GTP-TEID
	M
	
	9.2.2.2
	To deliver DL PDUs.

	>>DL Transport Layer Address
	O
	
	9.2.2.1
	

	>>DL GTP-TEID
	O
	
	9.2.2.2
	To deliver forwarded DL PDCP SDUs.


The source base station has the overall necessary information e.g. whether there is downlink data in the buffer, the Qos of the bearer and therefore could make a reasonable decision whether data forwarding for DL is necessary or not. 

Observation: It is reasonable that the source base station proposes DL data forwarding.
For inter-RAT handover from NR to LTE, it is better to follow the same approach to let the source gNB proposing whether DL data forwarding is needed or not. Then the question is the proposed granularity for the data forwarding. There are three alternatives:

Alternative 1: 
· gNB proposes data forwarding per E-RAB and sends the info to target by source eNB to target eNB transparent container i.e. source adapt to target.
· The target eNB can decide to accept the data forwarding or not, assign TEID/TNL address if yes.

· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from one tunnel (for the PDU session) to the tunnels corresponding to the mapped EPS bearer.
For this solution to work, the AMF should send the Qos flow-EPS bearer mapping information to the gNB before handover e.g. in Initial Context Setup Request message and PDU Session Resource Setup Request message. The mapped EPS bearer information should include the E-RAB ID. E-RAB ID is necessary in the Source eNB to target eNB container. E-RAB level Qos could also be included in order to decide whether data forwarding is needed or not as in legacy systems. Alternatively, the Qos flow level Qos parameter could be used for this purpose.
This solution has no impact on the legacy behavior in EPS system and has no specification impact on S1AP. It is fully inline with the “source adapt to target” principle i.e. using the existing IEs in Source eNB to Target eNB transparent container. The whole procedure for this alternative is shown in Figure 1 below.
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Figure 1: Inter-system HO from 5GS to EPS (Alternative 1)
Alternative 2:

· gNB proposes data forwarding per PDU session and sends the info to AMF by Handover Required message. 
· AMF decides the E-RABs proposed for data forwarding based on the mapping between Qos flow and EPS bearer. The mapping information is got from SMF according to SA2 TS23.502 [1]. 
· AMF includes the DL forwarding in Relocation Request message to the MME.
· MME includes the DL forwarding in Handover Request message. DL forwarding is one item in E-RABs To Be Setup Item IEs.
· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from on tunnel (for the PDU session) to the tunnels corresponding to the mapped EPS bearer.
Currently, DL forwarding is included in Source eNB to Target eNB Transparent Container in Handover Required and Handover Request message. It is an optional IE. The range of the “E-RABs Information List” in “Source eNB to Target eNB Transparent Container” IE is 0..1. So it is allowed to not use this IE from coding point of view. 

For this solution to work, the AMF shall send DL Forwarding IE to the MME. The MME shall include DL Forwarding IE in E-RABs To Be Setup Item IEs in Handover Request message to the target eNB. The whole procedure for this alternative is shown in Figure 2.
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Figure 2: Inter-system HO from 5GS to EPS (Alternative 2)
Alternative 3:

· gNB proposes data forwarding per Qos flow and sends the info to AMF by Handover Required message. 
· AMF decides the E-RABs proposed for data forwarding based on the mapping between Qos flow and EPS bearer. The mapping information is got from SMF according to SA2 TS23.502 [1].
· AMF includes the DL forwarding in Relocation Request message to the MME.
· MME includes the DL forwarding in Handover Request message. DL forwarding is one item in E-RABs To Be Setup Item IEs.
· The data forwarding between gNB <-> UPF could still be per PDU session level. Then UPF maps the data received from on tunnel to the tunnels corresponding to the mapped EPS bearer.
Currently, DL forwarding is included in Source eNB to Target eNB Transparent Container in Handover Required and Handover Request message. It is an optional IE. The range of the “E-RABs Information List” in “Source eNB to Target eNB Transparent Container” IE is 0..1. So it is allowed to not use this IE from coding point of view. 

For this solution to work, the AMF shall send DL Forwarding IE to the MME. The MME shall include DL Forwarding IE in E-RABs To Be Setup Item IEs in Handover Request message to the target eNB. The whole procedure for this alternative is shown in Figure 3.
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Figure 3: Inter-system HO from 5GS to EPS (Alternative 3)
The summary of the three alternatives is given in Table 1.
Table 1: Comparison of different alternatives
	
	Alternative 1
	Alternative 2
	Alternative 3

	Information Element in NGAP
	The Mapped EPS bearer Info in Initial Context Setup Request and PDU Session Resource Setup Request message.

	The New IEs in NGAP Handover Required message: PDU Session Subject for forwarding list which includes PDU Session ID and DL forwarding.
	The New IEs in NGAP Handover Required message: PDU Session Subject for forwarding list which includes PDU Session ID, Qos flow list (Qos flow ID and DL forwarding).

	Impact on S1AP
	No
	DL forwarding IE in E-RABs To Be Setup Item IEs in S1AP Handover Request message.
	DL forwarding IE in E-RABs To Be Setup Item IEs in S1AP Handover Request message.

	Pros
	· Fully use the “Source eNB to Target eNB transparent container IE”.

· No impact on S1AP and the behavior of MME and eNB.
	Don’t need to send the mapped EPS bearer info to the gNB before handover
	Don’t need to send the mapped EPS bearer info to the gNB before handover

	Cons
	5GC should transmit the mapped EPS bearer information to the gNB before handover.
	· Not use E-RABs Information List IE in source eNB to target eNB transparent container.

· Impact on S1AP and the behavior of MME and eNB
	· Not use E-RABs Information List IE in source eNB to target eNB transparent container.

· Impact on S1AP the behavior of MME and eNB


From above table, it could be observed that Alternative 2 and Alternative 3 have similar impact on specifications. The pros and cons compared with Alternative 1 is the same. Data forwarding per Qos flow has better granularity. Therefore, Alternative 3 is preferred between Alternative 2 and Alternative 3. 

Between Alternative 1 and Alternative 3, if we want to avoid the impact on S1AP and the behavior of eNB and MME, Alternative 1 is a good choice. If it is not expected to send the mapped EPS bearer information to the gNB, Solution 3 is better.
Proposal: It is proposed for RAN3 to select one solution between Alternative 1 and Alternative 3.
3 Conclusion
This contribution discussed the potential solutions for data forwarding to support inter-system inter-RAT handover. The specification impacts, pros and cons of those solutions were analysed. Basically we think it is reasonable that the source base station propose DL data forwarding. The data forwarding granularity could be per E-RAB, per PDU session or per Qos flow. It is proposed for RAN3 to select one solution between per-E-RAB and per Qos flow.
The pCR for Alternative 1 is in [4]. In case of this solution is agreed. RAN3 should update SA2 that the mapped EPS bearer information should be sent to NG-RAN before handover.

The pCRs for Alternative 3 is in [5][6].  In case of this solution is agreed. RAN3 should LS SA2 because the Gn spec is impacted i.e. DL forwarding IE for EPS bearer in Relocation Request message is needed.
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