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Abstract of the contribution: This contribution proposes a solution for On demand mobility support.
Discussion
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]SA1 has investigated the use cases of mobility on demand. It is expected that, in the next generation mobile networks, various UEs with different mobility patterns will be involved, for example, some UEs may be accessing mobile networks with very high speeds, but other UEs are expected to follow nomadic patterns or will be entirely stationary. Moreover, many diversified applications or services which have different requirements on service delivery, such as service interruption time, packet loss and so on, are also required to be supported in the next generation mobile networks. With such different UEs and services, obviously, it is inefficient to adopt unified mobility support in the future mobile networks. Therefore, mobility on demand is supposed to be supported in the next generation mobile networks.
From perspective of SA2, the concept of mobility on demand is providing different levels of mobility support to different UEs. SA2 has defined a Key issue for developing applicable solutions.
Key issue #3 Mobility framework defines the following requirements:
-	How to support mobility on demand for different levels of mobility…
NOTE: Study on mobility limitations in RAN will be performed together with RAN working groups. 
-	How to determine the level of UE mobility support, e.g. by what characteristics/method; and
-	How to obtain the information (e.g. application’s needs, device UE capabilities, used services) in order to determine the appropriate level of mobility of the UE.
By solving the listed issues above, a possible solution can be obtained:
1. What information is required to determine the level of UE mobility support? and how to determine it?
According to the description of the use case in 3GPP TR 22.864, application layer information, UE mobility pattern, and device type should be considered for determining the level of UE mobility support. SA2 also has similar description in 3GPP TR 23.799:
“It is expected that NexGen system will require different levels of mobility support (e.g. based on velocity or service continuity requirements) as specified in the SA1 NEO TR 22.864”
Application layer information may include requirements on service interruption time, packet loss, transmission latency and so on, because such requirements may impact mobility management control, mobility anchor selection, and the procedure of mobility events handling. UE mobility pattern may reveal the moving range and speed of a UE, which can be directly used to select suitable mobility management schemes. Device type can indicate a UE is a smart phone, an IoT device or else, it is useful for predicting possible UE mobility pattern, communication pattern and/or applications.
[bookmark: OLE_LINK1][bookmark: OLE_LINK5]Besides different UEs require different levels of mobility support, a UE may also require different levels of mobility support at different time periods, since different applications may have diversified service requirements, and UE mobility pattern may include different mobility behaviours at different time periods.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Although accurately defining the level(s) of mobility support for a UE or a group of UEs requires to consider such complex information, fortunately, the information like UE mobility pattern, device type and service characteristics is relative static, which means the mobility levels defined for a UE would not change frequently. Therefore, it is feasibe to store them in the mobile networks, e.g. as a part of subscription data. An example of levels of mobility support of a smart phone is shown below:
Table 1 An example of subscribed mobility levels
	Mobility level
	Area
	Session continuity
	Applicable MM schemes(To be deleted)

	Level a
	anywhere
	-(no UP, no small data)
	CMM(Centralized MM with central MA) without UP MA

	Level b
	TAI list 1 = a,b,c,d
(within a group of RAN nodes)
	no
	DMM with Local MA relocation

	Level c
	TAI list 1 = a,b,c,d
TAI list 2 = x,y,z
(within a group of RAN nodes)
	yes
	DMM without Local MA relocation 
For operator's service, centralized MA is required

	Level d
	Other area
	no
	CMM with Local MA relocation

	Level e
	Other area
	yes
	CMM without Local MA relocation
For operator's service, central MA is required



With stored mobility level(s) of a UE, when a UE is accessing the mobile network, the mobile network can determine the current level of mobility support by checking the service(s) that the UE is obtaining, current UE location and so on.
2. How to obtain the information for determining the level of mobility support for a UE?
Just as discussion above, the network needs to know the service that the UE is obtaining, device type and/or UE location for determining the current level(s) of mobility support for the UE.
It is well known that: 
-	Application ID or APN can be used to imply the service characteristic;
-	Device type can be indicated by UE capability, subscription or an explicit indicator from UE;
-	UE Location can be determined by the network based on cell ID/TAI/the ID of RAN node with which the UE is associating.
Obviously, current mobile networks like EPC can obtain such information already, thus the next generation core should also support these features.
3. How many levels of mobility support should be defined?
3GPP TR 23.799 has given an example about the levels of mobility support, this example only uses the moving range of UEs as the unique criterion to define them. However, according to the previous discussion, not only UE mobility information, but also application layer information and device type need to be considered (TR 23.799). Therefore, we propose to take both of them into count for defining mobility levels, whereas, the exact definition still depends on operators’ policy. By considering such information, the levels of mobility support should be redefined, e.g. as shown in table 1.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Table 2 An example of mobility levels
	Mobility level
	Moving range
	Session continuity
	Applicable MM schemes(To be deleted)

	Level a
	anywhere
	-(no UP, no small data)
	CMM(Centralized MM with central MA) without UP MA

	Level b
	within a RAN node
	-
	DMM without handover control and location management, if LSC is deployed, otherwise, CMM without handover control and location management
For operator's service, central MA is required

	Level c
	within a group of RAN nodes
	-( Small data)
	DMM (Decentralized MM with Local MA)

	Level d
	within a group of RAN nodes
	no
	DMM with Local MA relocation

	Level e
	within a group of RAN nodes
	yes
	DMM without Local MA relocation 
For operator's service, central MA is required

	Level f
	wide area
	-( Small data)
	CMM

	Level g
	wide area
	no
	CMM with Local MA relocation

	Level h
	wide area
	yes
	CMM without Local MA relocation
For operator's service, central MA is required



4. How to support mobility on demand for different levels of mobility?
By obtaining the current level(s) of mobility support for a UE, the network can apply a suitable mobility management scheme to this UE. For example, for mobility support level h in table 2, the network may adopt centralized mobility management scheme, i.e. use centralized mobility management control and central mobility anchor. However, for mobility level e, the network may chose localized mobility management control and local mobility anchor.
For flexibly enabling diversified mobility management schemes, it should be possible to deploy control plane network functions closing to RAN as shown in figure 1. However, if only centralized mobility management scheme can be supported in some area, e.g. highway, this control plane network functions are not required to be deployed.


Figure 1 Network topology for supporting on demand mobility

Based on the analysis above, an on demand mobility support mechanism is proposed.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The mobile network supporting on demand mobility support is supposed to be deployed as shown in figure 1, where network control plane consists of NSC and LSC, NSC supports network functions for mobility level determination and centralized mobility management control, LSC supports network functions for localized mobility management control. On the user plane, both local mobility anchor and central mobility anchor are deployed for supporting different MM schemes. However, the actual deployment of LSC and Local MA still depends on operators’ network planning.
When a UE is accessing the mobile network, network function for mobility level determination is used to determine the level(s) of mobility support for this UE based on UE location, Application ID if it is provided by UE, and subscription data retrieved from HSS. Consequently, the NSC selects the most suitable mobility management scheme for the UE. Based on the selected MM scheme, the NSC can request corresponding MM control functions in RAN or CN to handle subsequent MM events of this UE.
If MM control function in NSC is chosen to handle mobility events of the UE, the LSC shall not be aware of this UE. However, if MM control function in the LSC is chosen to handle the mobility events, the NSC shall not detect any mobility events handled by the LSC, e.g. intra-LSC location update, intra-LSC handover. In the case of the UE moving out the area served by current LSC, under the control of the NSC, an inter-LSC location update or handover shall be performed for directing the UE to new LSC. If no new LSC can be selected during the procedure, e.g. no LSC in the new area, the NSC shall be able to handle subsequent UE mobility events by applying new MM scheme.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Based on the selected MM scheme, either local mobility anchor or central mobility anchor may be selected. The local mobility anchor is used to route data traffic to/from internet or local networks, in contrast, the central mobility anchor is mainly used to route data traffic to/from operator’s service networks. However, in case of no local mobility anchor deployed in a given area, the central mobility anchor can also be used to route data traffic to/from internet or local networks.
Proposal

[bookmark: _Toc445245051][bookmark: _Toc445245174][bookmark: _Toc445247650]6.3.x	Solution 3.x: Solution for on demand mobility support
The solution introduces an on demand mobility support mechanism for addressing “How to support mobility on demand for different levels of mobility” listed in Key- Issue 3 Mobility Framework.
6.3.x.1	Architecture description
It is expected that the next generation mobile networks will involve various UEs with different mobility patterns, and support many diversified applications or services which have different requirements on service delivery. Obviously, it is inefficient to provide all UEs and services with same mobility support. Therefore, from perspective of SA2, mobility on demand has to be supported in the next generation mobile networks for providing different levels of mobility support to different UEs.
The mobile network supporting on demand mobility support is supposed to be deployed as shown in figure 1, where network control plane consists of NSC (Network Service Centrer) and LSC (Local Service Center), and user plane includes Local MA (Local Mobility Anchor) and CMA (Central Mobility Anchor). However, the deployment of LSC and Local MA still depends on operators’ network planning.

Figure 1 Network architecture for supporting on demand mobility
Network Service Center: A collection of control plane network functions in next generation core network. It at least includes network functions for determining levels of UE mobility support and centralized mobility management control.
Local Service Center: A collection of control plane network functions deployed in RAN. It at least includes a network function for localized mobility management control.
Local MA: Local mobility anchor deployed closing to RAN for terminating user plane data path in RAN.
CMA: Mobility anchor deploy deployed in the next generation core network for terminating user plane data path.
Edge Ingress GW: A user plane gateway for routing UL data to mobility anchors (including Local MA and CMA) or routing DL data to RAN.
Centralized mobility management control: all mobility events are only handled by control plane network functions for mobility management in core network.
Localized mobility management control: Authorized by core network, designated mobility events, e.g. intra-LSC handover, are locally handled by control plane network functions for mobility management deployed closing to RAN.
6.3.x.1	Functional description
When a UE is accessing the mobile network, e.g. attach or location update, the network function for determining the levels of mobility support (DML) is relied to determine the current level(s) of mobility support for this UE by indexing the levels of mobility support stored in the subscription using its mobility related information, e.g. UE location information, session continuity requirement of PDU connection(s) established or to be established.
Table 1 shows an example of subscribed levels of UE mobility support stored in the subscription. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Table 1 An example of subscribed levels of UE mobility support stored in the subscription
	Mobility level (TBD)
	Area
	Session continuity
	Applicable MM schemes

	Level a
	anywhere
	-(no UP, no small data)
	CMM(Centralized MM control with central MA) without UP MA

	Level b
	TAI list 1 = a,b,c,d
	no
	DMM (decentralized MM control with Local MA) with Local MA relocation

	Level c
	TAI list 1 = a,b,c,d
TAI list 2 = x,y,z
	yes
	DMM without Local MA relocation 
For operator's service, centralized MA is required

	Level d
	Other area
	no
	CMM with Local MA relocation

	Level e
	Other area
	yes
	CMM without Local MA relocation
For operator's service, central MA is required




Based on the determined level(s) of UE mobility support, the NSC selects the most suitable mobility management scheme for the UE, and then enables corresponding network functions for mobility management control to handle subsequent mobility management events of this UE. Depending on the determination made by MDL, multiple levels of UE mobility support may need to be supported simultaneously. 
If mobility management control functions in NSC are enabled to handle mobility events of the UE, the mobility management control functions in LSC shall not be aware of this UE. However, if mobility management control function in LSC is chosen to handle the mobility events, NSC shall not detect any mobility events handled by the LSC, e.g. intra-LSC location update, intra-LSC handover. In the case of the UE moving out the area served by current LSC, under the control of NSC, an inter-LSC location update or handover shall be performed for directing the UE to new LSC. If no new LSC can be selected during the procedure, e.g. no LSC in the new area, the NSC shall be responsible for handling subsequent UE mobility events by applying new mobility management scheme.
Based on the selected mobility management scheme, either Local MA or CMA may be selected. The Local MA is used to route data traffic to/from internet or local networks, in contrast, the CMA is mainly used to route data traffic to/from operator’s service networks. However, in case of no Local MA deployed in a given area, the CMA shall be used to route data traffic to/from internet or local networks.
[bookmark: _Toc445245050][bookmark: _Toc445245173][bookmark: _Toc445247649]6.3.1.3	Solution evaluation
Editor's Note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
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