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Abstract of the contribution: This contribution compares solutions to minimize handover signalling overhead for PDU sessions having no data activity and proposes way forward. 
1. Introduction
It was proposed in SA WG2 meeting #118Bis that the PDU session having no data activity should be deactivated (c.f. S2-170212 and S2-170240, Huawei and HiSilicon). It was agreed in SA WG2 meeting #119 that the signalling to maintain PDU sessions having no data activity during handover may be wasteful (c.f. S2-171171, DoCoMo and NEC, Selective deactivation of user plane connections). In this document, we analyze the signalling overhead based on the current Xn handover procedure and solution to avoid the signalling overhead for PDU sessions having no data activity.
From Clause 4.9.1.1 of TS 23.502, the Xn based inter NG RAN handover procedure is shown below.


Figure 1 – Xn based inter NG RAN handover without UPF relocation (Clause 4.9.1.1, TS 23.502)
From the above procedure, if a PDU session has no data activity, 4 messages in Step 2, 3, 4, 6 may be not required. Therefore, it is neccesary to minimize the signalling overhead for the PDU sessions having no data activity. There are some solutions to reduce unnecessary signalling during handover.
Option 1: Selective session deactivation
In this option, the AN (and UE) can request session deactivation if the PDU session has no data activity. In TDoc S2-170212, the number of messages to deactivate a session is 9, including one NAS message over the air interface. In TDoc S2-171171, the number of messages to deactivate a PDU session is 8, including 1 message over the air interface. The Service Request procedure in Clause 4.2.3 of TS 23.502 is used to activate a PDU session. When the UE is in the CM-CONNECTED state, if the SR is triggered by UE, there are 12 messages (including 2 NAS messages over the air interface) are required. 


Figure 2 – Session Deactivation procedure described in S2-170212
Option 2: Selective N3 deactivation during handover
During the handover process, the target (R)AN sends the path switch request for the PDU sessions that the Target (R)AN can support, and an indication whether a PDU session has data activity within an individual Session Inactive Timer parameter. The AMF sends the N11 message to the SMF to request for path switch. The SMF decides whether to update the UPF with (R)AN tunnel information or not. If the SMF decides not to update (R)AN tunnel information, the SMF sends to the UPF a message to release of N3 (R)AN tunnel information in UPF. The SMF informs its decision to the AMF, either path switch is performed in the UPF (N3_UPDATE) or not (N3_NOT_UPDATE). The AMF then informs the (R)AN the decision of the SMF (path switch is performed or not). If the path switch is performs, the (R)AN keeps the N3 tunnel information. Otherwise, the (R)AN deletes the N3 tunnel information, but keeps other PDU session context information, the air resources allocated to the PDU session are not released, and UE need not to be impacted.
Option 3: Combination of Path Switch procedure and Session Deactivation procedure
The detailed procedure is described in Appendices 1 and 2. During the handover procedure, the SMF (Option 3A) or target RAN(Option 3B) can decide to deactivate a session when receiving the path switch request from the AMF. Compared to the Path Switch procedure, the AMF needs to collect N2 SM session deactivation requests from the SMF(s) and N1 SM Message for the UE to deactivate PDU sessions. 
Table 1: Comparison of Options
	
	Option 1
	Option 3
	Option 2

	Which UP interfaces are deactivated
	Uu (air interface) and N3
	Uu (air interface) and N3
	N3

	When UP interfaces are deactivated
	Anytime, may be triggered by (R)AN when (R)AN detects no data activity
	During handover procedure
	During handover procedure

	Impacts to UE
	UE is aware of session deactivation and needs to request session activation when UL or DL data arrives.
	Same as Option 1
	No impacts to UE

	Number of additional messages
	The session deactivation procedure requires 8 or 9 messages (as shown in S2-171171, S2-170212 respectively), with 1 message over air interface.

	Solution 3A in Appendix 1: 3 additional messages are added to the handover procedure, including 2 NAS messages over the air interface.
Solution 3B in Appendix 2, no additional messages are added to Xn handover procedure. 
	NO additional messages are added to Xn handover procedure

	Number of message to reconnect the UP when the UE is in CM-CONNECTED state, UE-triggered service requests
	Use Service Request triggered by UE procedure; require 12 messages, including 2 NAS messages over air interface.
	Same as Option 1
	Use Late Path Switch procedure triggered by UE in Appendix 3; require 6 CN messages, no NAS message over RRC air interface.

	Number of message to reconnect the UP when the UE is in CM-CONNECTED state, network-triggered service requests
	Use Service Request triggered by network procedure, requires 11 messages, including 1 NAS message over the air interface.
	Same as Option 1
	Use Late Path Switch procedure triggered by network in Appendix 4, require 8 messages, no message over the air interface.

	Number of message to reconnect the UP when the UE is in CM-IDLE state
	Use the same SR procedures triggered by UE and network.
	Same as Option 1
	Same as Option 1



From the above comparison, Option 2 is better than Options 1 and 3 in terms of signalling saving and impacts to the UE. 
Proposal: It is proposed to adopt Option 2, N3 deactivation during handover procedure, to save the signalling overhead for PDU sessions having not data activity.
The detailed procedures are provided below. 
2. Proposal
It is proposed to have following updates to TS 23.502. 
[bookmark: _Toc446574149]
* * * * Begin of Changes * * * *

4.9.1	Xn based inter NG RAN handover
This clause includes details regarding the Xn based inter NG RAN handover with and without UPF relocation.
Editor’s Note: Impact of centralized deployment being discussed in RAN3 is FFS.
Editor’s Note: It is FFS whether to define separate call flows for roaming scenarios.
Editor’s Note: Definition of Xn is defined by RAN.


4.9.1.1	Xn based inter NG RAN handover without user plane function relocation
This procedure is used to hand over a UE from a source RAN to target RAN using Xn when the AMF is unchanged and the SMF decides to keep the existing UPF. The UPF referred in this clause is the UPF which terminates N3 interface in the NGC. The presence of IP connectivity between the Source UPF and Target UPF is assumed. 
The call flow is shown in Figure 4.9.1.1-1.


Figure 4.9.1.1-1 – Xn based inter NG RAN handover without UPF relocation
1.	The Target RAN sends an N2 Path Switch Request message to an AMF to inform that the UE has moved to a new target cell and a list of PDU Sessions to be switched or removed. Depending on the type of target cell, the Target RAN includes appropriate information in this message.  
For the QoS flows to be switched to the Target RAN, the N2 Path Switch Request message shall include the list of accepted QoS flows.
2.	The AMF sends a N11 Message to each SMF associated with the list of PDU Sessions received in the N2 Path Switch Request. 
For the PDU Sessions to be switched to the Target RAN,  Upon upon receipt of the N11 Message, each of these SMFs determines whether the existing UPF can continue to serve the UE. If the existing UPF cannot continue to serve the UE and it is not a PDU session anchor, steps 3-11 of clause 4.9.1.2 are performed. Otherwise, the following steps 3 to 6 are performed by each of these SMFs if their existing UPFs can continue to serve the UE:
Editor’s Note: Handling of UPF relocation of the PDU session anchor is FFS.
3. 	The SMF initiates release of PDU Sessions which are not requested by the Target RAN. For PDU Sessions requested by the Target RAN, the SMF sends an N4 Session Modification Request (RAN address, tunnel identifiers for downlink user plane) message to the UPF. 	
4.	The UPF returns an N4 Session Modification Response (Tunnel identifiers for uplink traffic) message to the SMF after requested PDU Sessions are switched.
5.	In order to assist the reordering function in the Target RAN, the UPF sends one or more “end marker” packets on the old path immediately after switching the path. The UPF starts sending downlink packets to the Target RAN.
NOTE: Step 6 can occur any time after receipt of N4 Session Modification Response at the SMF.
6.	The SMF sends an N11 Message Ack (CN Tunnel Information) to the AMF for PDU Sessions which have been switched successfully.
7.	Once the N11 Message Response is received from all the SMFs, the AMF aggregates received CN Tunnel Information from these responses and sends this aggregated information as a part of N2 SM Information in N2 Path Switch Request Ack to the Target RAN. If none of the requested PDP Sessions have been switched successfully, the AMF shall send an N2 Path Switch Request Failure message to the Target RAN.
8.	By sending a Release Resources message to the Source RAN, the Target RAN confirms success of the handover. It then triggers the release of resources with the Source RAN. 
4.9.1.2	Xn based inter NG RAN handover with user plane function relocation
This procedure is used to hand over a UE from a Source RAN to a Target RAN using Xn when the AMF is unchanged and the SMF decides that the Source UPF is to be relocated. 
Editor’s Note: Impact on UL-CL and/or BP functions is FFS.
The Source UPF referred in this clause is the UPF which terminates N3 interface in the NGC. The presence of IP connectivity between the Source UPF and Source RAN, and between the Target UPF and Target RAN, is assumed.
The call flow is shown in Figure 4.9.1.2-1.


Figure 4.9.1.2-1 - Xn based inter NG RAN handover with Source UPF relocation
Steps 1-2 are the same as discussed in clause 4.9.1.1.
3.	The SMF initiates release of PDU Sessions which are not requested by the Target RAN. For PDU sessions to be switched,Tthe SMF then selects a new Target UPF based on UPF Selection Criteria according to clause 6.3.3 of TS 23.501 [2]. Target UPF IP address assignment and allocation of downlink and uplink tunnel identifiers are performed by the SMF. An N4 Session Establishment Request (Target RAN address, uplink and downlink tunnel identifiers) message is sent to the Target UPF. 
4.	The Target UPF sends an N4 Session Establishment Response message to the SMF. The SMF starts a timer, to be used in step 10.
5.	The SMF sends N4 Session Modification message to the PDU session anchor.
6.	The PDU session anchor responds with the N4 Session Modification Response message. At this point, PDU session anchor starts sending downlink packets to the Target RAN using the address and tunnel identifiers of the Target RAN via Target UPF.
7.	The SMF sends a N11 Message Ack (CN Tunnel Information) to the AMF.
Steps 8-9 are same as steps 7-8 defined in clause 4.9.1.1.
10.	Once the timer has expired after step 4, the SMF initiates Source UPF release procedure by sending an N4 Session Termination Request (Release Cause). 
11.	The Source UPF acknowledges with an N4 Session Termination Response message to confirm the release of resources.
* * * * End of Changes * * * *
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