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1. Introduction
In S1-122169 use cases were provided pointing out the advantages of supporting traffic offload in order to pre-empt or resolve user plane congestion in the RAN. In this paper we summarize the relative pros and cons of network decision versus UE decision for initiating traffic offload due to user plane RAN congestion.

A common argument for UE based congestion management and decision to offload traffic is that the information required to reach the proper decision is available primarily at the UE and therefore the decision-making for traffic offload should be UE-based. However, the “UE-centric” approach suffers from the problem that what matters is each individual UE’s QoS as that UE sees it best to address it. The disadvantage of this approach is that the “UE-centric” approach does not consider the overall network fidelity as well as, that the QoE of most UEs served by a particular cell is at least as important, if not more so, than the QoE of a single user. Moreover, even if the UE “wanted” to act in the interest of the network, it does not have the capability coordinate a load-balancing action with other UEs.  The overall network fidelity and handling of QoE can be managed efficiently by the network based on the knowledge of user plane RAN congestion as well as the subscription/QoS requirements of each user served by a particular cell. Moreover, only the network has the capability to coordinate UE actions to achieve the desired network-wide result.  
2. Discussion: UE initiated and network initiated traffic offload based on congestion in RAN
2.1 Use Case 1: Satisfactory QoE for all users and services

Consider a use case where a UE is accessing services via the 3GPP access and is also connected to a Wi-Fi access owned by the same operator. The user is accessing services both from the 3GPP access (e.g. corporate email) and from the Wi-Fi access (e.g. normal web browsing). At some point the user is accessing a streaming service via the 3GPP access using a best effort bearer. The user is not a gold subscriber and cannot be allocated a dedicated bearer for this service. If the RAN gets congested such user (and all users with similar subscriptions accessing best effort services) will receive poor QoE. The QoE of such user can be enhanced by moving the IP flows associated to such services to the Wi-Fi access. The UE or the network can decide to initiate the offload procedure. The following sections provide advantages and disadvantages of each approach.
2.1.1
UE decision to initiate traffic offload
In a UE-initiated traffic offload approach the UE decides to initiate traffic offload based on routeing policies provided to the UE by the network operator. The disadvantage of a UE-initiated traffic offload approach is that none of the UE’s (and most critically the offending UEs) have the network-based perspective to realize what’s going on. For example, the UE is not aware of the subscription parameters as well as what services are run by other UEs attached to the same cell. Furthermore, relying on the current framework to respond to the congestion issue would be time consuming. In a UE-based network congestion approach the time-frames involved must include:
· Network operator understanding the user plane RAN congestion in the network. 
· Network operator providing “instructions” for the offending UE (via statically configured policies) to carry out certain actions (e.g. move the flow to a different access) and 
· The time required for the UE to decide and carry out the action. 
Each of those steps induces an unnecessary delay to take action and avoid user plane RAN congestion situations. In addition, it is important to note that the “instructions” sent to the UE are based on a statistical model of probable congestion a service (e.g. a specific application a UE is running) may cause to the network. The service itself may not be the culprit of causing the congestion in the RAN resulting in the UE carrying out an unnecessary action to move the service to the Wi-Fi access. To summarize, the “instructions” sent to the UE are either too pro-active or too re-active and in such dynamic conditions such as RAN congestion the UE-based congestion mechanism may not solve the congestion in the RAN. 
Finally, in order for the UE to decide to offload traffic when congestion occurs, the UE must be aware of the user plane RAN congestion status. This requires the network operator to broadcast congestion status information to the UE. Given the fact that broadcast information is sent per Location Area Identify, i.e. to a group of cells, rather than per cell-id, the congestion status information could be sent to cells that are not congested. In order to support sending broadcast information on per cell-id granularity requires new functionality.
2.1.2
Network decision to initiate traffic offload
On the other hand, the network operator will have all the necessary information to avert such users receiving poor QoE service from the 3GPP access as well as reduce the load in the congested RAN cell by offloading some flows to the Wi-Fi access. It is important to note that the network operator can be aware when a UE is accessing services via the Wi-Fi access. For example, in carrier-grade Wi-Fi deployments the network operator can be aware of a UE connected to a Wi-Fi access either via the AAA server or by configuring the device to use a specific APN for services via the Wi-Fi access. 
The network-based process for this use case would be as follows:

· The network is aware that the UE is accessing services from 3GPP and Wi-Fi access since the same operator provides both.
· The network operator detects an application (e.g. media streaming flow) running over the 3GPP access from a particular UE (this feature is assisted for example by traffic detection mechanisms within the core network).
· The network operator receives information that the RAN is congested. 
· The network operator is also aware that the user does not have a “gold” subscription that allows the user to have a dedicated channel for the particular application.
· In order to reduce the load in the RAN and also improve the QoE for the user the network decides to move the application of the UE from the 3GPP access to the Wi-Fi access.
2.2 Use Case 2: Load Balancing 
Consider the use case where a large number of users congregate in an area with a Hotspot (for example, an airport or a train station). The network operator will be able to control the user plane congestion in the RAN in such heavily cell congested areas by dynamically offloading traffic to the Wi-Fi access.

Load balancing can be carried out either by the UE or by the network. The UE-based traffic offload initiates traffic offload based on instructions sent by the network operator. The network-based traffic offload will be carried out as described in section 2.1 taking into account user subscription information, the application type, traffic loads in both 3GPP and Wi-Fi access and user plane RAN congestion reports.

A disadvantage of UE-initiated traffic offload is that UEs will use roughly the same statically configured policy for a particular service. The result is that due to congestion many UEs may switch traffic to the alternative network, effectively resulting in congestion in the alternative network. What is desired is load balancing – but because each UE is making independent decisions, this may not be possible to achieve.
3. Conclusions

Traffic offload can be supported by either the network or the UE deciding to initiate the offload. The network decides to initiate traffic offload taking into account dynamic conditions such as load on the network, subscription information and application QoS requirements whereas the UE initiates traffic offload based on routeing policies provided by the operator.
UE initiated traffic offload is more suited to scenarios where congestion can be managed pro-actively, i.e., for cases where it is known that in a particular location area and time there is congestion in the RAN. On the other hand, network initiated traffic offload allows a more dynamic congestion management approach where the network can decide dynamically the access to use for a particular service based on current user plane RAN congestion status. 

4. Potential Use Cases and Requirements for TR 22.805
It is proposed to include both UE-initiated and network-initiated traffic offload requirements in TR 22.805

*****************  START OF CHANGE *******************
4.X Use Case X Traffic offloading based on congestion in RAN
4.X.1 Description

A UE is accessing services via the 3GPP access and is also connected to a Wi-Fi access owned by the same operator. The user is accessing services both from the 3GPP access (e.g. corporate email) and from the Wi-Fi access (e.g. normal web browsing). At some point the user is accessing a video streaming service via the 3GPP access using a best effort bearer. The user is not a gold subscriber and cannot be allocated a dedicated bearer for this service. If the RAN gets congested such user (and all users with similar subscriptions accessing best effort services) will receive poor QoE. 

Moving the video-stream flow to the Wi-Fi access that is not congested would result in reduced load in the RAN as well as better QoE for the user.

4.X.2 Pre-conditions

Alice and Bob are accessing services via the 3GPP access and are also connected to a Wi-Fi access owned by the same operator.

Alice and Bob have a normal subscription where only best effort bearers are allocated by the network operator.

4.X.3 Service flows

Alice and Bob are accessing services both from the 3GPP access (e.g. corporate email) and from the Wi-Fi access (e.g. normal web browsing). 
Bob decides to watch a video streaming service from the 3GPP access.

The RAN is congested and both Alice and Bob receive poor QoE service from the 3GPP access.

3GPP network is aware that RAN is congested.

3GPP network is aware that both Bob and Alice cannot be allocated dedicated bearers for their services.

3GPP network is also aware that Wi-Fi access where Bob is connected is operating at normal load.

3GPP network decides to move Bob’s video stream to the Wi-Fi access by triggering the UE to offload the relevant IP flows corresponding to the video stream to the Wi-Fi access. 
Alternatively the 3GPP network provides instructions to the UE to initiate traffic offload when such service is run with the knowledge that the 3GPP access is congested at a specific location and time. In such a case the UE will initiate traffic offload to an available WLAN access when Bob initiates a video streaming service.
4.X.4 Post conditions

Load on RAN is reduced by offloading services to the Wi-Fi access.

Bob is enjoying watching the video streaming service from the Wi-Fi with no apparent loss of QoE.

4.X.5 Potential requirements

For cases where a UE is simultaneously connected to multiple accesses (e.g. 3GPP and WLAN accesses), the network shall be able to dynamically offload UE traffic between accesses taking into account mobile operator traffic offload policies, user subscription information, the application type and user plane RAN congestion reports.
The system shall be able to provide congestion offload routeing policies to the UE. The routeing policies are based on user plane RAN congestion reports sent to the network. 
*****************  END OF CHANGE *******************
