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Abstract: This paper proposes to remove runtime CP signalling in handover and path switching by pre-configuring N3 connection and caching UE context at potential handover targets, according to mobility pattern and further by performing data packet triggered late binding.
Introduction
Path switching takes place when the UE is handed over from a source AN to a target AN. Before path switching completes, the DL traffic of the UE is sent to the source AN and then forwarded to the target AN. The forwarding leads to increased end-to-end delay. This renders path switching delay an important KPI. The TR 23.799 concludes that mobility pattern can be used to facilitate in any decision where mobility pattern might be useful. This paper proposes mobility-aware UP management, which leverages that conclusion to reduce path switching delay end-to-end delay, especially when the UE has a regular or predictable mobility pattern (such as a UE in a train or a bus). Note that the mobility pattern algorithm is responsible for determining the UE’s mobility pattern according to, for example, the UE’s speed and moving direction, which may be learned from UE location reports, and other information such as map information.
The SMF determines whether to perform mobility-aware UP management for a PDU session according to the UE preference, user subscription data and operator policy. In the case that mobility-aware UP management is needed, the SMF subscribes to the information of Serving AN Set, which includes the current serving An and the other ANs that will potentially serve the UE in the future. The information is derived from the UE’s mobility pattern and provided by the AMF. According to this information, the SMF and the AMF perform handover pre-configuration. During handover pre-configuration, the potential serving ANs of the UE receive the UP related N3 information and the UE context (e.g. security credentials, N2 information, PDU session ID, SSC mode configuration, etc) that is normally transferred during handover. The size of the Serving AN Set should be controlled, for example, limited to 2 – 5 number of ANs, in order to minimize pre-configuration overhead. This is an implementation issue.
Editor’s note: The mechanism applies to intra-AMF handover. It can be deactivated during inter-AMF handover and re-activated afterwards. It is FFS how to adapt it to the inter-AMF handover scenario.


Figure 1: Illustration of mobility-aware UP management for path switching
Figure 1 illustrates the mobility-aware UP management for path switching. The N3 connections are preconfigured at the potential serving ANs of the UE, i.e. AN1, AN2, AN3, and the UE context is cached at these ANs. Upon the reception of the first UL packet associated to the PDU session, the UPF binds the N3 connection, through which the packet is received, to the PDU session for DL traffic. The benefits of the proposed solution is analyzed below:
· Although N3 pre-configuration does not remove signal messages between the SMF and the UP, it does remove runtime SMF-UPF singling because those signal messages occur ahead of time. 
· Late binding uses data packet to bind the N3 connection to the PDU session for DL traffic and thus removes the respective SMF-UPF signalling. 
· Because the CP is not involved during path switching, the runtime signalling between CPFs (e.g. AMF and SMF) is also removed. 
Because the target AN during handover already has the UP related N3 information, no interaction with the CP necessary to allow UL data transfer. This allows for a reduced response time to handover request messages  (for example, the handover request message in X2 based handover in LTE). The response time for UL traffic is thus reduced to 0 delay from at least 4 hop delay (the path (1) in Figure 2). 
Thanks to the data packet triggered late binding, the path switching delay for DL traffic is reduced to 1 hop delay (the path (3) in Figure 2) from at least 3 hop delay (the path (2) in Figure 2), to configure the UPF with the AN related N3 information. The delay includes both transfer delay and processing delay. 


Figure 2. Illustration of message transfer delay in handover and path switching.
In the LTE, the S1-C transfer delay is 2ms – 15ms and the S1-U transfer delay is 1ms – 15ms, according to TR 25.912 (Table 13.3). Although the S11 transfer delay is not provided in TR 25.912, it can be generally assumed similar to the S1-C transfer delay, i.e. 2ms – 15ms. If numbers are comparable in the 5G environment,  even if processing was instantaneous and the AMF-SMF interface had 0 delay, the proposal would bring at least 15ms delay reduction in handover (allowing immediate use of the target AN for UL traffic) and at least 7.5ms delay reduction in path switching (reducing DL traffic forwarding) on average.  Note that, if N3 based handover occurs, DL traffic forwarding will contributes 15ms delay on average to the end-to-end delay. Hence, the proposal effectively accelerates system response and minimizes traffic forwarding. 
3GPP TR 25.912, Feasibility study for evolved Universal Terrestrial Radio Access (UTRA) and Universal Terrestrial Radio Access Network (UTRAN)  (Release 13)
[bookmark: _Ref440216314]Proposal
It is proposed to make the following changes to the TS 23.502 (procedure).
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]***** Begin of 1st Change (all new) *****
4	System procedures
[bookmark: _Toc471399078]4.2	Session Management procedures
[bookmark: _Toc471399082]4.2.4	Session continuity, service continuity and UP path management
4.2.4.X	Mobility-aware UP path management
The SMF subscribes to the information of Serving AN Set, which includes the current serving An and the other ANs that will potentially serve the UE in the future, e.g. handover targets. The information is derived from the UE’s mobility pattern and provided by the AMF. According to this information, the SMF and the AMF perform handover pre-configuration. During handover pre-configuration, the potential serving ANs of the UE receive the UP related N3 information and the UE context (e.g. security credentials, N2 information, PDU session ID, SSC mode configuration, etc) that is normally transferred during handover.
Editor’s note: The mechanism applies to intra-AMF handover. It can be deactivated during inter-AMF handover and re-activated afterwards. It is FFS how to adapt it to the inter-AMF handover scenario.
 The diagram below depicts the mobility-aware UP management procedure. It is assumed that the registration procedure has completed and that the UE has an established PDU session via the AN1. 

  
Figure 4.2.4.X-1: The procedure of mobility-aware UP management
1.	The registration procedure completes, as described in the clause 4.2.2.2.
2.	A PDU session is established for the UE, as described in the clause 4.3.2.2.
3.	According to the operator policy obtained in the step1, the AMF determines to perform handover pre-configuration at the Potential Serving ANs of the UE. The AMF determines the Potential Serving ANs according to the UE’s mobility pattern and the operator policy. It is assumed that the AN1 is currently serving the UE and that the AN2 is a Potential Serving AN.
3.1. The AMF informs the AN2 of the AMF-related UE context information that is normally transferred during handover (e.g. security credentials, N2 information, etc.) for caching.
Editor’s note : The RAN may exploit the UE context cached at the ANs to simplify RAN handover. It is up to the RAN group to define. 
3.2. If the AN2 is a potential handover target of the UE, the AMF informs the AN1 of the candidacy.  
NOTE 1: The step 3 is independent of the step 2. It takes place repeatedly as the AMF identifies new Potential Serving ANs.
4.	The SMF subscribes to the information of Serving AN Set of the UE through the procedure of ‘Serving AN Set Notification’ service of the AMF, as described in the clause 5.2.2.X. The Serving AN Set includes the current serving AN and the Potential Serving ANs of the UE. 
-	The subscription indicates the need of periodic information update.
-	The subscription indicates that the AMF shall determine the Serving AN Set using its own criteria. This is to ensure that the Potential Serving ANs in the Serving AN Set are the same as those determined by the AMF in the step 3.
NOTE 2: The steps 3 and 4 are independent of each other. 
NOTE 3: The steps 2 and 4 may be independent of each other.
5.	The SMF performs handover pre-configuration at the Potential Serving ANs of the UE. 
5.1. The SMF informs the AN2 of the UP related N3 information for the PDU session and the UE context related to the PDU session (e.g. the PDU session ID, SSC mode configuration, QoS rule, etc.) 
Editor’s note : The RAN may exploit the UE context cached at the ANs to simplify RAN handover. It is up to the RAN group to define. 
5.2. The SMF configures N3 connection at the UPF so that the UPF recognizes the binding between the N3 connection and the PDU session for UL traffic.
NOTE 4: The binding for DL traffic is not configured at the step 5.2.
NOTE 5: The step 5 takes place repeatedly as the SMF identifies new Potential Serving ANs.
6.	The UE is handed over from the AN1 to the AN2 through the procedure of ‘Handover with mobility-aware UP management’ described  in the solution 4.8.X. 
7.	The SMF identifies the ANs that are no longer present in the Serving AN Set of the UE and requests those ANs to tear down the N3 connection for the PDU session and clean up the UE context.  It is assumed that AN1 is no longer present in the Serving AN Set of the UE.  
***** End of 1st Change *****

***** Begin of 2nd Change (all new) *****
4	System procedures
4.8	Handover procedures
4.8.X	Intra-AMF Handover with mobility-aware UP management
The diagram below depicts the handover procedure with mobility-ware UP management.  It is assumed that the UE has an established PDU session and that mobility-ware UP management is performed for the PDU session.  


Figure 4.8.X-1: The procedure of intra-AMF handover with mobility-aware UP management
1.	The UE is handed over to the AN2 from the AN1. 
-	At the end of RAN handover, the AN2 starts to apply special marking to UL traffic associated to the PDU session.  
2.	The first UL packet associated to the PDU session is sent to the UPF. In the absence of UL traffic, the first UL packet is a zero-length packet generated by the AN2. 
3.	The UPF detects the special marking of the UL packet and binds the PDU session to the N3 connection through which the UL packet is received. This late binding is triggered by the detection of the special marking and is necessary for delivery of DL traffic associated to the PDU session to the AN2.
NOTE 1: Before the step 3 completes, the DL traffic associated to the PDU session is sent to the AN1 and then forwarded to the AN2.
4.	The AN2 receives the first DL packet associated to the PDU session, which indicates the completion of the late binding. In the absence of DL traffic, the first DL packet is a zero-length DL packet generated by the UPF.
-	Upon the reception of the DL packet, the AN2 stops special marking of UL traffic for the PDU session.  The UPF does not perform later binding for UL packets that do not carry the special marking.
5. The AN2 requests information about the candidate handover targets of the UE from the AMF, which may be the entire Serving AN Set of the UE or a subset of it.
NOTE 2: The step 5 may take place in parallel to the steps 2 – 4.
***** End of 2nd Change *****

***** Begin of 3rd Change (all new) *****
[bookmark: _Toc473190675][bookmark: _Toc468954156]5	Network Function Service procedures
5.2	Network Function Services
5.2.2	AMF Services
5.2.2.X	"Serving AN Set Notification" Service
Service description: The requester NF subscribes to the information of ANs that will potentially serve the UE within certain time window. 
Input: Requester NF Identifier, UE Identifier, Time Window, Subscription Type.
Output: The AMF provides the requester NF with the requested information.
Service procedure:


Figure 5.2.2.X-1 "Serving AN Set Notification" Service
1. 	The requester NF sends the Serving AN Set Notification Request(Requester NF Identifier, UE Identifier, [Time Window, ] [Subscription Type]) message to the AMF. The UE Identifier is used to identify the MM context entry in the AMF. The Subscription Type indicates whether this is one-time information retrieval or needs periodic information update.
-	Void of the Time Window indicates that the AMF shall determine the Serving AN Set by the AMF’s own criteria, which includes AMF-related operator policy.  
- Void of the Subscription Type indicates the default subscription type shall be used.
2. 	The AMF sends the Serving AN Set Notification Response(Serving AN Set) message to the requester NF. The Serving AN Set includes the identifiers of the AN that is currently serving the UE and the ANs that will potentially serve the UE. 
3.	[Conditional] The AMF sends the Serving AN Set Update Notification(Subscription Transaction Identifier, [AMF Identifier,] [UE Identifier, ] Serving AN Set Update) message to the requester NF. The Subscription Transaction Identifier is used to identify the subscription context entry in the requester NF. The Serving AN Set Update indicates the latest entire Serving AN Set or the update part only. 
	-	The AMF Identifier and the UE Identifier are optional fields, if the information is included in the subscription context in the requester NF.
	-	This step is optional if the request in the step 1 is for one-time information retrieval. 
4.	The requester NF sends the Serving AN Set Update Notification Acknowledge() message to the AMF, indication the delivery of the notification.
***** End of 3rd Change *****
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