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Introduction:
Mobile traffic has been growing at a very fast pace and the trend is continuing. To meet the mobile traffic growth and improve the end user experience, mobile service providers are actively looking for mechanisms to improve the end user experience, improve network efficiency, and increase system capacity by cost effectively leveraging all available radio technologies, including cellular and WLAN technologies.

Intelligent network selection is needed to select the optimal service delivery radio network across radio access technologies including cellular and WLAN based network load, application, device mobility state, etc.

This contribution identifies the parameters that are important for a UE to make an intelligent network selection and proposes a solution to communicate these parameters from RAN’s to the UE. 

1. High Level Pictorial with Cellular & WLAN
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Figure 1 High Level Diagram
2. Cellular Network Load
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When the cellular network is not congested, the operator may want to serve its customers’ traffic via cellular.

For example, when the cellular network is lightly congested, e.g. with 70% load, the operator who controls both the cellular and WLAN networks may want to start to steer some of the devices (e.g. UE A and B in Figure 2a below) which have poor cellular RF conditions from cellular to WLAN, assuming WLAN APs are available and meet other criteria including but not limited to:
· WLAN quality better than a set threshold, UE scans WLAN AP e.g. via HS2.0 Beacon and ANQP to get AP quality information

· UE motion - speed, etc. 

· Application and services, e.g. the operator may not elect to move VoLTE traffic to WLAN

· Note: User preference always takes precedence. 

Then, when the cellular network is becoming more heavily congested, e.g. with 88% load, the operator might decide to steer more users from cellular (e.g. UE A, B, D, E in Figure 2b below) to WLAN.
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Figure 2a Exemplary traffic steering in a lightly congested cellular network
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Figure 2b Exemplary traffic steering in a more heavily congested cellular network
Proposal 1: In order to provide the UE with the load condition, we propose to broadcast a cellular network load level indicator (e.g. high, medium, low) to the UEs using a new SIB message or by adding new attributes to  an existing SIB message. The UE in turn can use the load information in the access network selection decision process based on operator policy. 

Note: These concepts/techniques can be applied to offload traffic from both LTE and UTRAN to WLAN
3. Cellular Received Signal Strength Threshold
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When the cellular network is congested, the operator might move some of its traffic (e.g. cell edge user with poor receiving signal level) to WLAN while keeping other users’ traffic on cellular. The Signal Strength Threshold (e.g. -108dBm when cellular load is 70%, and -105dBm when cellular load is 88% shown  figures 3a and 3b below), that the operator wants to communicate to the UEs, can be used as a means to first move cell edge UEs or UEs with poor cellular radio quality to WLAN. 
Even when the cellular network is not congested, some users may experience poor RF quality with the cellular network; however, robust WLAN reception with good coverage and acceptable quality and load might be available, e.g. UE A in Figure 3. In this case, the operator might serve that user’s traffic via WLAN.
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Figure 3a Exemplary Rx signal strength threshold value for traffic steering in a lightly congested cellular network
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Figure 3b Exemplary Rx signal strength threshold value for traffic steering in a more heavily congested cellular network
Note, the load to signal strength threshold mapping most likely is not static. It depends on WLAN distribution and UE distribution. Approaches of mapping load to signal strength threshold is outside of the scope of this contribution. 

Proposal 1 Cont.: In addition to load level, we propose to broadcast signal strength threshold to UEs using the new SIB message or new attributes in an existing SIB message mentioned in previous section. The UE in turn can compare its received RF signal level with the signal strength threshold information received from the SIB message in the access network selection decision process based on operator policy . 

Proposal 1 Cont.: To avoid a ping-pong effect, i.e. a large number of users move to WLAN and cause congestion in WLAN and then move back to cellular, a calculated integer “A”, e.g.in the range of 0-10, can be used along the load and signal strength threshold to only steer a portion of UEs to WLAN. Each UE can in turn generate a random number x, which is also in the range of 0-10.  If x<A, the device can move to WLAN,  otherwise the UE would stay on the cellular network. The random number can be per class of users with similar service characteristics. 
Since macrocells and small cells have different coverages, this can have an impact on intelligent network selection between WLAN and cellular. Proposal 2: Providing the cell type (macro vs. small) information to devices will also be helpful for the UE to make intelligent network selection decision. For example, if the UE is moving at 25 mph it should not select the WLAN or a small cell.

4. Summary & Recommendations
RAN needs to be enhanced to enable the intelligent network selection between WLAN and cellular.

Cellular network load level indicator, e.g. Low/Medium/High, and Received Signal Strength threshold are the key attributes in UE network selection & decision process. 

· For load level: e.g. Low/Medium/High could be provided by the RAN
· For Signal Strength threshold, RSRP for LTE and RSCP for UMTS, respectively and/or RSSI could be used as examples.
Proposal 1:  Use a new SIB message or new attributes in an existing SIB message to carry a cellular network load level indicator, signal strength threshold, and a calculated value to devices, which in turn will make the access network selection decision based on the combination of operator policy and the load & RF signal strength conditions.

Proposal 2:  Use the SIB message in proposal 1 to also carry cell type (macro, small, etc.) information as another attribute to devices. 
Proposal 3:  Use LTE SIB messages to piggyback UMTS load and signal strength threshold to the UE.

Note, the attributes sent via SIB message mentioned above can be used for intelligent network selection during active/connected mode and idle mode.

End of AT&T Contribution
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