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Abstract of the contribution: This paper investigates different solutions to handle selective UP at mobility to EPS and propose a way forward.
1 Introduction

In 5GS, when multiple PDU sessions have been established for the UE, selective UP activation or deactivation can be applied.

In EPS, either all E-RABs are established, or all E-RABs are released, that is, there is no concept of selective E-RAB activation or deactivation.  
2 Discussion
2.1 Selective User Plane
TS 23.501 v15.3.0 has the following:

5.6.8
Selective activation and deactivation of UP connection of existing PDU Session

This clause applies to the case when a UE has established multiple PDU Sessions. The activation of a UP connection of an existing PDU Session causes the activation of its UE-CN User Plane connection (i.e. data radio bearer and N3 tunnel).
For the UE in the CM-IDLE state in 3GPP access, either UE or Network-Triggered Service Request procedure may support independent activation of UP connection of existing PDU Session. For the UE in the CM-IDLE state in non-3GPP access, UE-Triggered Service Request procedure allows the re-activation of UP connection of existing PDU Sessions, and may support independent activation of UP connection of existing PDU Session.

A UE in the CM-CONNECTED state invokes a Service Request (see TS 23.502 [3] clause 4.2.3.2) procedure to request the independent activation of the UP connection of existing PDU Sessions.

…
The deactivation of the UP connection of an existing PDU Session causes the corresponding data radio bearer and N3 tunnel to be deactivated. The UP connection of different PDU Sessions can be deactivated independently when a UE is in CM-CONNECTED state in 3GPP access or non-3GPP access.
[Observation-1] In 5GS, for a UE with multiple PDU Sessions, the activation or deactivation of UP connection of each PDU Sessions is independent of each other. 
TS23.502 v15.3.0 has the following:

4.3.7
CN-initiated selective deactivation of UP connection of an existing PDU Session

…

1.
The SMF determines that the UP connection of the PDU Session can be deactivated in following cases:

-
During handover procedure, if all the QoS Flows of a PDU Session are rejected by the target NG-RAN (as described in clause 4.9.1), or if a PDU Session is failed to setup indicated by the AMF (see step 7 of clause 4.9.1.3.3). SMF proceeds with step 2 and step 3, the steps 5 to 9 are skipped;

-
The UPF detects that the PDU Session has no data transfer for a specified Inactivity period as described in clause 4.4.2.2;

-
For a LADN PDU Session, the AMF notifies to the SMF that the UE moved out of the LADN service area; or

-
The AMF notifies to the SMF that the UE moved out of the Allowed Area.

The SMF may decide to release the UPF of N3 terminating point. In that case the SMF proceeds with step 2 and step 3. Otherwise, if the SMF decides to keep the UPF of N3 terminating points, the SMF proceeds with step 4.
[Observation-2] Selective UP may be applies at HO rejection or HO partial failure, or UPF detects inactivity of data transfer.
2.2 Possible issue at 5GS to EPS handover

If the UE has established multiple PDU sessions in 5GS, and selective UP activation/deactivation is applied, and if handover to EPS with N26 is performed, as the NG-RAN is only aware of PDU session(s) with active UP, only those PDU Sessions will be included in the NGAP Handover Required message, that is,  the PDU session(s) without active UP will not be treated and remain hanging in 5GS, unless the AMF delete the PDU Sessions that are not handed over to EPS which is not yet. 

If the IMS PDU session happens to have no active UP due to selective UP activation or deactivation, and is not moved to EPS,
the mobile terminating voice call will not be possible unless the UE makes originating signaling (e.g. re-registration or originating call), or UE detects that the IMS PDN connection is missing and triggers the re-establishment of IMS PDN connection when the UE is in EPS. 

For Mobile Originating call, call setup may be delayed due to the re-establishment of the PDN. Extra signaling is also expected due to IMS registration.    
[Observation-3] If IMS PDU Session does not have UP activated at 5GS to EPS HO, and
If the UE detects that the IMS PDN connection is missing in EPS and triggers the re-establishment of IMS PDN connection when the UE is in EPS, extra signalling is expected due to IMS registration; or 
If the UE does not trigger IMS PDN connection, 

Mobile Originating call setup may be delayed due to the re-establishment of the PDN. 
Mobile terminating call may not be possible unless UE makes MO call first. 
2.3 Solutions
To avoid the issue in [Observation-3], different solutions are discussed below.
2.3.1 Solution-1 Selective UP not applied in 5GS 
Whether Selective UP is applied in 5GS could be controlled on different levels as follows: 
Solution-1-1 Selective UP not applied for PDU Sessions for certain combination of DNN and S-NSSAI
In Solution-1-1,
· The UDM will have an indication that selective UP activation/deactivation will not be applied for certain DNN(s);

· The SMF get this indication during PDU session setup;

· The SMF pass this indication to the AMF as part of the PDU session info after PDU session is established.

· At UE initiated Service Request even if the UL data to be sent is on a different PDU Session, the AMF will request the SMF(s) to set up User Plane for the PDU session(s) with the above indication if not already activated.

· At NW-initiated Service Request even if the DL data to be sent is for a different PDU session, the AMF will also request the SMF(s) to set up the User Plane for the PDU Session(s) with the above indication if not already activated.

· The SMF will not apply selective UP deactivation for the PDU session(s) with such indication.
· At HO to NG-RAN, if handover is rejected or partly failed, the SMF should not have selective UP deactivation for the PDU Session. 
Solution-1-2 Selective UP not applied only for IMS PDU session 
Solution-1-2 means the UP for IMS PDU Session is always activated as long as there is UP activated (for other PDU Sessions).

· AMF needs to recognize the PDU Session is for IMS DNN.

· At UE initiated Service Request even if the UL data to be sent is on a different PDU Session, the AMF will also request the SMF to set up User Plane for the IMS PDU sessions if not already activated.

· At NW-initiated Service Request even if the DL data to be sent is for a different PDU session, the AMF will also request the SMF to set up the User Plane for the IMS PDU Session if not already activated.

· The SMF will not apply selective UP deactivation for IMS PDU session.
· Similar to Solution-1-1, at HO to NG-RAN, if handover is rejected or partly failed for the IMS PDU Session, the SMF should not have selective UP deactivation for IMS PDU Session.
2.3.2 Solution-2 UP setup on the fly during 5GS to EPS HO 
In this solution, 
(1) In addition to the PDU sessions indicated by the RAN for the PDU Session with UP in HO Required, source AMF/SMF shall also allocate the CN related Tunnel Info for the PDU Session without UP and provide them to the target MME/SGW through Forward Relocation Request
(2)  Target MME/SGW set up the UP resource in Core Network for all the PDU Sessions received and indicate the information to target RAN through HO Request

(3) Target RAN (i.e. eNB) setup UP resource for all the PDU sessions indicated from target MME, even the ones not required by the source RAN (e.g. gNB) but required by the MME. Then provide the info to MME and MME pass the info to source AMF/SMF as normal in HO Request acknowledge.

(4) Source AMF/SMF provide the UP resources info from target RAN to source RAN in HO Command. Source RAN accepts the HO even target RAN has allocated more UP resources than it has requested and sends HO Command to UE including the information provided from the target RAN side.

(5) UE shall accept the HO Command and follow the instructions from target RAN side and setup UP for all PDU sessions after moving to 4G side.

2.3.3 Comparison

	        Solutions


	Solution-1 Selective UP not applied 
	Solution-2 UP setup on the fly during 5GS to EPS HO
	

	
	Solution-1-1 for any PDU Session(s) supporting IWK with N26
	Solution-1-2 only for IMS PDU Session if support EPS IWK with N26
	
	

	Pros
	No impact on RAN,
No additional impact on UE
	The intended benefit of selective UP is not affected.

Additional signalling in CN only when mobility happens.
	

	Cons
	The intended benefit of selective UP (e.g. saving of UP resources for deactivated (unused) sessions, reduction of UP path switch signalling for unused PDU session during HO) cannot be achieved for any PDU Session supporting IWK with N26
	Similar to Solution-1-1, but the handling is limited to only IMS PDU Session.

The AMF may need to be aware if a PDU Session is for IMS.
	Possible impact on RAN, and UE
	

	
	Additional signalling may be needed every time there is no UP setup, regardless of mobility to EPS happens or not. 
	
	


[Proposal-1] Based on the above comparison, it’s proposed to adopt Solution-2 UP setup on the fly during 5GS to EPS HO.
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