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1. Introduction

The objective of this WI is to specify how access network selection is handled and how traffic is selected for steering. In order to move forward, RAN2 will need to determine the contents of RAN assistance parameters provided by RAN. And one of the most important parameter is related to RAN’s indication of its load condition. This contribution provides an overview of the various offload indication mechanisms discussed during the SI phase. Comparison of the options is provided along with the applicability of the mechanism through broadcast and dedicated signalling.
2. Discussion

RAN rules are applied to operator controlled WLAN which identifiers are provided by RAN if ANDSF is not supported. As basic assumption, access network selection consists of RAN condition part and WLAN condition part. Figure 1 is just a concept of RAN rule, and the target WLAN is prioritized in the list of identifier, the selection is performed in order of the list.
If (   RAN condition is poor   &&   a WLAN condition is good  ){

UE selects WLAN

}

If (   RAN condition is good   ||   a WLAN condition is poor   ){


UE does not select WLAN but select RAN
}
Figure 1: Basic assumption

To achieve bi-directional load balancing, access network selection must be properly controlled. RAN2 should discuss and decide what kind of the conditions should be considered for the network selection procedure. The procedure of the access network selection should be based at least on the RAN’s load condition and WLAN’s load condition. The RAN should be able to provide the most up-to-date load information to the UE and RAN rules should make use of the information. Whether signal strength of WLAN should be considered is FFS.
Proposal 1: The procedure of the access network selection should be based at least on the RAN’s load condition and WLAN’s load condition for RAN rules.
Providing direct load information (e.g. percentage of the load level) is the simplest way. However, many operators prefer not to provide direct load information to UE. Instead, the offload intention may be realized using the following options introduced in the SI phase.
Option 1: Explicit indicator (1bit), which is also referred to as WTSI (WLAN Traffic Steering Indicator) [2].
Option 2: Adjustment of RAN parameter (e.g., RAN threshold) [3].
Option 3: Specify both Option 1 and Option 2. The decision of which option to use is up to NW implementation.
UE should first check whether the RAN wants the UE to offload to WLAN either using an explicit indicator or the RAN threshold, then the WLAN condition is evaluated if the offload to WLAN is granted.
According to WID [1], the solution is applicable to UEs in RRC IDLE and RRC CONNECTED states for E-UTRAN, UE IDLE mode for UTRAN and CELL_FACH, CELL_PCH, URA_PCH and CELL_DCH states for UTRAN. This means RAN assistance parameters are at least provided via SIB. 
NOTE: If the UE’s WLAN radio is OFF, the UE may discard the access network selection since RAN cannot override the user’s preference to turn off the WLAN radio.
2.1. Explicit indicator (Option 1)
Explicit indicator may be realized in more than one way. Depending on the desired outcome for bi-directional traffic steering, one of following three sub-options (Option 1a, Option 1b or Option 1c) may be considered.
If (   Indicator==ON   &&   a WLAN condition is good   ){

UE selects WLAN

}

If (   Indicator==OFF   ||   a WLAN condition is poor   ){


UE steers all traffic from WLAN to RAN
}

Figure 2: Option 1a with explicit indicator
With Option 1a, RAN provides an explicit indicator along with WLAN related parameters (e.g., WLAN load, WLAN signal threshold) to the UE. If the RAN’s load is high, the RAN may set the explicit indicator to ON.   This indicates to the UE that selection to WLAN is acceptable. And UEs within WLAN coverage should select WLAN as long as the WLAN condition is good (as determined by the appropriate WLAN parameters from the RAN assistance parameters and UE implementation). If the RAN’s load returns to normal (e.g., low load), RAN may toggle the explicit indicator to OFF to indicate to the UE that all traffic should be steered back to the RAN. Additionally, the UE may steer traffic back to RAN if the WLAN condition is poor, even if the explicit indicator is set to ON to prevent service interruption. 
One of the main problems with option 1a is the potential for mass toggling. This is especially the case when the indicator is set to OFF. All UEs may steer traffic back to the RAN at the same time causing RAN congestion once again.
If (   Indicator==ON   &&   a WLAN condition is rich   ){

UE accepts the WLAN

} else if (   Indicator==OFF   ){

UE cannot accept additional WLAN

}
If (    a WLAN condition is poor   ){


UE steers all traffic from WLAN to RAN
}
Figure 3: Option 1b with explicit indicator
The UE’s behavior with Option 1b is very similar to Option 1a. There is no difference in terms of offloading to WLAN. The main difference is in the way the UE steers traffic back to RAN. With Option 1b, traffic is steered back to RAN only if WLAN condition deteriorates below the acceptable level. This means even if the Explicit Indicator is set to OFF, the UE does not need to steer traffic back to RAN if the WLAN condition is good. This is in contrast with Option 1a whereby the UE is requested to steer traffic back to RAN if the Explicit Indicator is set to OFF regardless of the WLAN condition. If the RAN desires more traffic to be steered back to the RAN even when the Explicit Indicator is already set to OFF, the RAN may adjust the WLAN related threshold (e.g., lower the WLAN load threshold) to increase the likelihood that more UEs will steer traffic back to the RAN. Option 1c is simply the option to increase the number of bits for the Explicit Indicator in Option 1a and Option 1b from 1-bit to multiple bits. If the Explicit Indicator is represented by multiple bits, the RAN will have more flexibility to adjust the number of UEs that get offloaded to WLAN. For example, the 2-bit indicator may be represented by {100, 75, 25, 0}. 100 and 0 are equivalent to the ON and OFF indicator as in Options 1a/1b. If the indicator is set to 75, the RAN expects 75% of the UEs will consider offloading to WLAN. Random number generation within the UE may be used to determine whether offloading to WLAN is accepted. With Option 1c, all UEs will have equal likelihood of offloading to WLAN.  That way all WLAN APs within the RAN coverage will be utilized evenly and WLAN congestion would be minimized.
With all 3 sub-options, RAN can further refine the selection of UEs for offloading by sending dedicated signaling with Indicator set to ON even if the broadcasted indicator is set to OFF. This may further prevent mass toggling.
2.2. Adjusting another RAN parameter (Option 2)
If (   measured RAN signal strength < threshold1 && a WLAN condition is good   ){

UE selects WLAN

}

If (   measured RAN signal strength > threshold2 || a WLAN condition is poor   ){


UE steers all traffic from WLAN to RAN
}

Figure 4: Adjusting threshold for bi-directional load balancing 
With Option 2, the RAN may provide the RAN signal threshold (e.g. RSRP) as a parameter to be adjusted. The threshold may be set higher when the RAN load increases. Offloading to WLAN may be promoted since more UEs will satisfy the higher RAN signal threshold comparison test. With this option, UEs near the edge of cell’s coverage will always be offloaded first to WLAN. This means UEs near the center of the cell may have less opportunity to steer their traffic to WLAN; however, such UEs may have better throughput since capacity of the RAN should be improved.
The problem with this option is that operator controlled WLANs near the center of the cell will have less chance to be utilized. WLAN resources are not well balanced. The use of dedicated signalling is one way to reduce this imbalance, but it requires that the RAN knows which UEs are not offloaded by broadcast signalling. With Option 2, the RAN does have the option to allow all UEs initiate network selection towards WLAN by setting the RAN threshold to infinity. This would be equivalent to setting the Explicit Indicator to ON in Option 1. And RAN also has the option to allow the UEs to return to RAN by setting the RAN threshold to a very low value (e.g., - infinity). This will be equivalent to setting the Explicit Indicator to OFF in Option 1. These characteristic are shown in Figure 5.
As a solution of the issue that only WLANs deployed in cell edge are utilized, as described in sub clause 2.2 and 2.3, dedicated signalling can be used. As other benefit of dedicated signalling, high loaded UE, which uses a lot of resources or gold subscriber’s UE can be controlled in a different fashion. 

However considering optimal parameters per UE is burdensome for RAN node. It may not be preferable for providing all the same parameters via dedicated signalling. So it may be better just to provide indicator or threshold of infinite value to control such UEs.
[image: image1.png]RAN signal strength

_____________________________________________________________ High threshold

Off-loadable region
with high threshold

Low threshold

Off loadable with
green threshold

Off loadable with
blue threshold

No chance to be
off-loaded

No chance to be
utilized





Figure 5: WLAN offloading as a function of RAN signal threshold
2.3. Specifying both Option 1 and Option2
Both Option 1 and Option 2 have their unique benefits. If one option is adopted in lieu of the other option, the RAN may lose some control in the way offloading may be indicated. It should be further discussed if it would be reasonable to adopt both options in order to maintain sufficient flexibility for the RAN.

Proposal 2: It is proposed that RAN2 adopts one of the above options as the mechanism for bi-directional load balancing.
3. Providing assistance parameters via broadcast and/or dedicated signalling
As discussed in clause 2, it is assumed that RAN can switch value of the indicator and/or adjusting RAN assistance parameter depending on its load condition. 
For access network selection, RAN should have the flexibility to satisfy the following network selection conditions.
1. RAN should be able to indicate to all UEs (both IDLE and CONN) to trigger network selection.

2. RAN may select specific UEs to trigger network selection.

3. It is not expected that RAN would only select IDLE UEs for network selection.

Currently, it is stated in the WID [1] that both broadcast and dedicated signalling may be used for triggering network selection. This means RAN may provide both broadcast RAN assistance parameters and dedicated RAN assistance parameters to the same UE. In general, broadcast parameters is useful since the coverage size of WLAN is smaller than the macro cell, since it is difficult for the RAN to know which UE is within proximity of WLAN coverage. Dedicated parameters have the advantage that the RAN can configure a specific UE for access network selection (e.g., based on the UE’s resource usage in the RAN). Therefore, the two provided parameters do not serve the same purpose and may even be set differently. Therefore, RAN2 should consider whether broadcast parameters and dedicated parameters should be applicable to both IDLE UEs and CONN UEs so that UE’s behaviour can be better understood. It should be already clear that dedicated signalling is applicable for specific UEs so the main question is whether the broadcast parameters should be applicable to all UEs or just the IDLE UEs. There are 2 candidate options.
i) Broadcast RAN parameters are only applicable to IDLE UEs.
With this option, it would be clear which signalling mechanism is applicable to which type of UEs. This option would prevent any need to resolve any conflict for UEs receiving both types of parameters. Although this option can satisfy the 3 conditions stated above, it may result in excessive signalling. For example, if the RAN wants all UEs to try and select WLAN, RAN will need to broadcast the explicit indicator/adjusted parameter and also send dedicated explicit indicator/adjusted parameter to all CONN UEs.
ii) Broadcast RAN parameters are applicable to all UEs.
With this option, the UE behaviour needs to be well defined since the CONN UEs may receive RAN parameters from either the broadcast signalling or dedicated signalling or both. However, this option does have the benefit that a single broadcast parameters can satisfy condition 1 above. For condition 2, the RAN may decide not to send broadcast parameter. Instead, RAN may send dedicated signalling to selective UEs (e.g., based on resource usage) for offloading. This option is useful when the RAN’s load is moderate (e.g., middle) or when RAN’s load is increasing gradually. Furthermore, providing the parameters to specific UEs may help to avoid mass toggling.
Proposal 3: Broadcast RAN parameters are applicable to all UEs, Idle and Connected.
Since option ii) may result in the condition that the UE received parameters from both broadcast signalling and dedicated signalling, it is necessary to consider the interaction between the two types of parameters. Basically RAN assistance parameters via dedicated signalling should override RAN assistance parameters via broadcasted signalling if the same parameters are provided, since RAN may have specific reason(s) for configuring network selection for a specific UE.
Proposal 4: RAN assistance parameters via dedicated signalling should override broadcast RAN assistance parameters.
4. Conclusion

In this contribution, various options for access network selection are introduced. Both explicit and implicit indicators (adjusting parameter) of RAN’s load may be provided to obtain similar results. When RAN’s load condition is used in conjunction with the WLAN’s load condition, bi-directional load balancing may be achieved. 
This contribution also points out the usefulness of dedicated signalling for access network selection, as well as its relationship to broadcast RAN assistance parameters. We have the following proposals.
Proposal 1: The procedure of the access network selection should be based at least on the RAN’s load condition and WLAN’s load condition for RAN rules.

Proposal 2: It is proposed that RAN2 adopts one of the above options as the mechanism for bi-directional load balancing.

Proposal 3: Broadcast RAN parameters are applicable to all UEs, Idle and Connected.
Proposal 4: RAN assistance parameters via dedicated signalling should override broadcast RAN assistance parameters.
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