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1. 
Introduction
Operators are looking for new ways to optimize network resources and improve user experience, and context awareness may provide additional tools to achieve these goals.

A current ITU draft document states “Future IMT systems need to be context-aware allowing context information in real-time manner on the network, devices, applications and the user and his environment” [1].

Context awareness may be considered to include any parameter that describes the current mode of operation of the mobile device, its environment and mobility, or any other non-cellular side information (i.e. outside the pure technology domain.  This type of information may not be currently known, or only roughly known, to the network).

NOTE: 
The scope of this document is restricted to interactions between UE and network
This contribution addresses 

-
Relevant SA1 NEO requirements for context awareness

-
Possible context descriptors to be send from the UE( RAN/CN

-
Specific network enhancements use cases for the context descriptors
-
How to obtain UE context information
2. 
SA1 NEO requirements
TR 22.864 [2] - Feasibility Study on New Services and Markets Technology Enablers - Network Operation includes the following requirements related to UE context awareness in the network (see the Annex below for the full contents of that section)

System information collection

[PR 5.2.2-007] The 3GPP system shall support elastic configuration of the network based on system information, including:
-
Instantaneous network conditions, such as serving RATs (e.g., 5G, E-UTRA, WLAN), cell type (macro cell, small cell), network load information and congestion levels;

-
Application’s user characteristics, such as mobility type (high mobility, low mobility, no mobility), expected traffic over time, location;

-
When allowed by a user, UE context information, such as sensor-level information (e.g., direction, speed, power status, display status, other sensor information installed in the UE), application-level information (e.g., foreground applications, running background application, application data, user settings)

Observation 1: In order for UE context information to be used by the network, the UE needs to supply the relevant information to the network

NOTE: 
As can be seen by the description above, the term system information used by SA1 is not referreing to the SI in RRC that is broadcast by the cell but is related to the general concept of information related to the system to be collected by the network to make configuration decisions.
3. 
List of Possible Context Descriptors (UE(RAN/CN)

Table 1 is an example of possible context descriptors to be considered.
Table 1 Example of possible context descriptors
	Context Descriptors
	Parameter detail
	Sensor / Context Type

	Location
	Geographical coordinates + uncertainty
	GPS, RAT sensing, gyroscope, pedometer etc

	Mobility type
	Static, pedestrian, driving, non-driver in vehicle, train
	Gyroscope, data mining (appointment information)

	Location and mobility prediction (route map)
	Schedule of geographical coordinates and associated mobility type vs time
	Data mining (calendar, stored routine for day/time)

	User relationship
	Current user relationship to phone (e.g. currently interacting, not interacting, phone carried by user, phone close to user, phone not in proximity of the user)
	Device activity plus physical environment sensing

	Device power status
	Battery level, charging status, discharging rate
	Device context information

	Connectivity status
	Cellular data on/off

WiFi, BT on/off

Actual internet connectivity on/off
	Device context information


4. 
Specific network enhancements use cases

Table 2 provides a list of examples of possible network enhancement use cases, and the linkage to the context descriptors given in the previous section.

Table 2 List of examples of possible network enhancement use cases
	Use Case
	Context parameters
	Description

	Mobility management 

E.g., HO decision with multiple possible targets
	Mobility Type

Location and mobility prediction
	Handover decision (small cells vs large cells). 

	User relationship based congestion control 
	Location

Mobility type

Location and mobility prediction

User relationship
	There are multiple actions that the eNB can take when faced with congestion e.g. RRC connection rejection, selective dropping of packets, bearers or UEs. To select UEs/bearers for these actions, the eNB can take into account the available parameters, but these may provide low granularity. 

In this case, the eNB takes into account whether the user is involved in the current activity, and also whether it is likely that the UE will stay in the same area (i.e. the situation will not improve). A high level of user interaction could disqualify the associated bearers from being impacted by congestion

	Inter-frequency and inter-RAT Load management


	Location

Mobility type

Location and mobility prediction


	For load management actions, the eNB can select specific UEs that may be better served by other frequencies or other RATs. In the inter-frequency case, mobility type and location can be used if for example the other frequencies have smaller or larger coverage areas. Inter-RAT handovers could be applied to mobility UEs. Note that these actions can be pre-emptively carried out upon connection establishment if the context is provided by the UE. 

	Traffic offload


	Mobility type

Location and mobility prediction
	If device has current WiFi connectivity, and is expected to be static, may consider WiFi offload option (or LIPA/SIPTO under similar conditions but no WiFi connectivity) even if the cellular coverage is good.

	Dual connectivity or carrier aggretion
	Device power status
	If device has low power and is not being charged, may consider not using CA

	DRX setting 
	User relationship

Device power status
	Relaxed DRX settings may be used if the phone is not in the proximity of the user (particularly if power is low), on the basis that it is less likely that the user would respond (so initial delay is not critical).

	Mobility on demand
	Location

Mobility Type

Location and mobility prediction

User relationship

Likelihood of user interaction

Device power status
	Measurement configuration could be rather relaxed for UE given as static, and also for those not in proximity of the user, or where the user is not likely to use the phone. This could be particularly useful for static UEs in cell edge areas, to avoid excessive number of measurements and ping-pong handovers.


Observation 2: UE context information is relevant to a number of use cases for optimzing the RAN performance
5.  Context procedures
Context can be provided to the network in RRC at the time the UE establishes a connection. In addition, the context can also be provided when it changes assuming some hysterisis. 
Figure 1 shows an example of providing UE context to the RAN in RRC as part of the connection establishment procedure.
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1. RACH -Random access preamble

3. RRC: RRCConnectionRequest

4. RRC: RRCConnectionSetup

2. Random access response (RAR)

5. RRC: RRCConnectionSetup

Complete {context}


Figure 1 Procedures for providing UE context to the RAN

Observation 3: UE context information can be exchanged in RRC
6.  Conclusion

Observation 1: In order for UE context information to be used by the network, the UE needs to supply the relevant information to the network

Observation 2: UE context information is relevant to a number of use cases for optimzing the RAN performance
Observation 3: UE context information can be exchanged in RRC
Proposal: RAN2 to consider UE context information provided by the UE to optimize RAN performance
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Annex 

From TR 22.864 [2] - Feasibility Study on New Services and Markets Technology Enablers - Network Operation

5.2
Scalability

5.2.1
Description
It is understood that traffic varies under different conditions (e.g., different times, different location and in the same location when an event (e.g., a football match) begins or ends).

It is important that the mobile network is able to automatically and dynamically control and allocate network resources, such as setting up, capacity expansion/contraction and removal of a network function. The capacity of network elements should be flexibly adjustable based on the variation in demand. Moreover, the existing mechanisms (e.g., load balancing, network function selection) which are closely related to the network scalability need to be enhanced. Resiliency against congestion and disasters would be enhanced by such flexibility.

 For flexibly scalable network, context awareness including network condition, application’s user characteristics (e.g., different mobility types, expected traffic over time, location), information gathered by smart phone’s sensors and connectivity technologies (e.g., Bluetooth, WLAN, NFC, etc) can be very useful for rapid network configuration and efficient resource scheduling.

5.2.2
Potential Requirements
System elasticity

[PR 5.2.2-001] The 3GPP system shall be able to adjust the network capacities dynamically based on variations in demand.

[PR 5.2.2-002] Subject to operator policy, the 3GPP system shall support dynamic utilization of resources (compute, network and storage resources) in more than one geographic area in order to serve the differing needs of the users in each geographic area.

[PR 5.2.2-003] Use of resources (compute, network and storage resources) in more than one geographic area by the system shall be supported without requiring manual re-configuration of neighbouring nodes, without service disruption, and while avoiding additional signalling due to unnecessary UE’s re-attachments (e.g., due to loss of call state information in the network).

[PR 5.2.2-004] The 3GPP system shall be able to provide an increase in signalling and user plane capacity within 5 minutes of the need to do so being detected. 
NOTE:
The lead time of 5 minutes stems from the most severe and unplanned use case i.e. the disaster use case, where the average time until call attempts surge after a disaster occurs is considered 5 minutes.
[PR 5.2.2-005] The 3GPP system shall be able to maintain service when performing a network scaling and automation operation.

[PR 5.2.2-006] The 3GPP system shall be able to support the enhancement on the existing mechanisms (e.g., load balancing, network function selection), which are highly related to the network scalability and automation operation. 

System information collection

[PR 5.2.2-007] The 3GPP system shall support elastic configuration of the network based on system information, including:
-
Instantaneous network conditions, such as serving RATs (e.g., 5G, E-UTRA, WLAN), cell type (macro cell, small cell), network load information and congestion levels;

-
Application’s user characteristics, such as mobility type (high mobility, low mobility, no mobility), expected traffic over time, location;

-
When allowed by a user, UE context information, such as sensor-level information (e.g., direction, speed, power status, display status, other sensor information installed in the UE), application-level information (e.g., foreground applications, running background application, application data, user settings)

[PR 5.2.2-008] The 3GPP system shall support a secure mechanism to collect system information while ensuring end-user and application privacy (e.g., application level information such as application usage information is not to be related to an individual application user identity or subscriber identity and UE level information such as UE location is not be related to an individual subscriber identity).

[PR 5.2.2-009] The 3GPP system shall support a mechanism to collect system information in a timely manner (e.g., network operation may be optimized based on contextual information).
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