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1 Introduction
In this contribution we will discuss details around the access selection part of the WLAN/3GPP Radio interworking feature and how thresholds used therein should be handled.
2 Discussion
In order to avoid confusion, we believe that it would be good to show our interpretation of the WLAN interworking feature as described in the Work Item description. The easiest way to do this is probably with a flow diagram of UE actions, as shown in Figure 1 below.
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Figure 1: Flow diagram illustrating UE actions.
This paper will focus on the WLAN availability evaluation criterion and how the thresholds used therein are handled. A detailed description of how RAN can indicate WLAN identifiers to the UE is discussed in In [1] and  [2] gives a  detailed description of how RAN can indicate which traffic is “offloadable” to WLAN or not..
2.1 WLAN availability evaluation criterion
During the study item phase details of  Solution 2 were discussed and how the criterion for evaluating WLAN availability should look like. The criterion in the table below was discussed and seemed like a good candidate. According to this criterion the UE will determine whether a WLAN is available or unavailable and hence whether traffic should be routed to WLAN or to 3GPP. When 3GPP RSRP is low and the RCPI for a WLAN is high the WLAN is considered available and UE steers traffic to that WLAN (as per ANDSF ISRP or RAN indication). The UE steers (back) traffic to 3GPP when WLAN no longer is considered available, i.e. when 3GPP RSRP is high or RCPI for the WLAN which the UE is connected to is low. In UMTS the criterion would look similar but considering UMTS related parameters such as RSCP.
Table 1: Earlier discussed WLAN availability evaluation criterion for LTE.

	if (measuredRsrp < threshRsrpLow) && (measuredRcpi > threshRcpiHigh) {


considerWlanAvailable();

} else if (measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiLow){


considerWlanUnavailable();

}


However, in some scenarios it may be more suitable to consider signal quality when evaluating whether 3GPP or WLAN should be selected. This would be possible by extending the WLAN availability evaluation criterion as follows:

Table 2: Proposed WLAN availability evaluation criterion for LTE.

	if
((measuredRsrp < threshRsrpLow) || (measuredRsrq < threshRsrqLow)) &&

((measuredRcpi > threshRcpiHigh) || (measuredRsni > threshRsniHigh)){


considerWlanAvailable();

} else if
(measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiLow) ||

(measuredRsrq > threshRsrqHigh) || (measuredRsni < threshRsniLow) {


considerWlanUnavailable();

}


According to this criterion the terminal would consider a WLAN available if either LTE RSRP or RSRQ is low and either WLAN RCPI or RSNI is high. The terminal would consider a WLAN unavailable if either the LTE RSRP or RSRQ is high or either WLAN RCPI or RSNI is low. The RAN can adjust the threshold parameters to encourage UEs to keep traffic in 3GPP or move traffic to WLAN, considering for example the relative load generated by individual UEs, 3GPP load, enabled features, etc. In UMTS the criterion would look similar but RSCP and Ec/No is considered instead of RSRP and RSRQ.
Proposal 1 The WLAN availability evaluation criterion in Table 2 should be implemented in RAN specifications.

The criterion considers pairs of related metrics, e.g. RSRP and RSRQ. As in many cases it would be sufficient to consider only one of these metrics. To achieve this, the RAN can set thresholds, for the metrics which should not be considered, to positive/negative infinity to avoid that these metrics are affecting the outcome of the criterion evaluation. For example, if only RSRP should be considered the RAN can set threshRsrpLow to, e.g., - 90 dBm while setting threshRsrqLow to negative infinity.
Observation 1 The RAN can, for metrics which should not be considered, set the threshold values to positive/negative infinity to avoid that these metrics affect the criterion evaluation.

To avoid ping-ponging between 3GPP and WLAN, e.g. due to large instantaneous signal strength peaks/dips, we suggest that the time-to-trigger approach used in the 3GPP mobility measurement mechanism should be adopted also in 3GPP-WLAN mobility procedure. This means that the UE shall allow a time timeToTrigger to pass from that the conditions has been fulfilled before the UE triggers the procedure of considering a WLAN available/unavailable.
Proposal 2 The UE shall apply a time-to-trigger mechanism when evaluating the WLAN availability evaluation criterion.
The terminal shall when, according to the RAN criterion, a WLAN is available route traffic over that WLAN as indicated by ANDSF (if present), otherwise the UE performs traffic routing as indicated by RAN as described in [1].

2.2 Handling of thresholds

How the thresholds are handled by the UE is an aspect that should be considered. The RAN can both broadcast thresholds and send them with dedicated signalling. Dedicated threshold provisioning could be used for example to offload to WLAN those UEs which are generating high load in 3GPP. Naturally a terminal which has received dedicated thresholds applies those instead of the broadcasted thresholds.

Proposal 3 A UE in RRC CONNECTED in LTE or CELL DCH or CELL_FACH in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.

A UE to which the RAN gave aggressive thresholds (promoting WLAN offloading) would steer the traffic to WLAN and then maybe become inactive in 3GPP. Due to the inactivity the UE would be moved to IDLE mode (using LTE as an example), it is then important that the UE does not start to apply the broadcasted thresholds directly as these may point the UE back to 3GPP straight away. So the UE needs to apply the dedicated thresholds in IDLE mode, at least for a while. How long “a while” is can be defined in different ways, for example:
Alternative 1. The terminal keeps applying the dedicated thresholds for a certain period of time after entering IDLE mode. Similar to how dedicated priorities are handled in 3GPP today where they are associated with an expiry time signalled from the network. 

Alternative 2. The terminal keeps applying the dedicated thresholds until it has moved to another cell. As the dedicated thresholds are set considering a particular UE and the situation in that cell, then when a UE moves to another cell it may not be suitable that the terminal keeps the dedicated thresholds from the old cell.
Alternative 3. The terminal keeps applying the dedicated thresholds as long as the broadcasted thresholds have not changed. The broadcasted thresholds will be set considering the cell state and as the cell state change then it would be likely that the broadcasted thresholds in that cell will also change.
Which of these alternatives should be selected can be discussed in RAN2. We consider as a base line that the timer based approach is used, but would be open to consider also some other alternatives and potentially a combination of the alternatives.
Proposal 4 The UE shall keep and apply dedicated thresholds when being in IDLE mode, CELL_PCH or URA_PCH until a time T has passed since the UE entered IDLE mode, CELL_PCH or URA_PCH upon which the UE shall apply the broadcasted thresholds.
3 Conclusion

In this contribution we have discussed how the WLAN availability evaluation criterion can be designed and how the thresholds used in the criterion should be handled.
Proposal 1
The WLAN availability evaluation criterion in Table 2 should be implemented in RAN specifications.
Proposal 2
The UE shall apply a time-to-trigger mechanism when evaluating the WLAN availability evaluation criterion.
Proposal 3
A UE in RRC CONNECTED in LTE or CELL DCH or CELL_FACH in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.
Proposal 4
The UE shall keep and apply dedicated thresholds when being in IDLE mode, CELL_PCH or URA_PCH until a time T has passed since the UE entered IDLE mode, CELL_PCH or URA_PCH upon which the UE shall apply the broadcasted thresholds.

In section 5 we provide a draft text proposal which can be used as a baseline when specifying this mechanism. 
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5 Annex - Text proposal
Below is a draft text proposal for 36.304 which can be used as a baseline when specifying this mechanism. A similar text can be considered also for RRC and for corresponding WCDMA specifications.
[Start of change]
5.2.10
WLAN mobility
5.2.10.1
WLAN priority list maintenance
The UE shall maintain an up to date list of WLANs in an ordered WLAN priority list. The WLAN priority list shall contain WLANs based on input from WLANSP (if any) and RAN indication. The list shall, in decreasing priority order, contain:

-
Priority 1) WLANs indicated by WLANSP,

-
Priority 2) WLANs indicated by RAN.
When the UE is roaming in a PLMN which the UE is configured to prefer the WLANSP from this PLMN over WLANSP provided by the HPLMN (as described in 23.402) the WLAN priority list shall contain, in decreasing priority order, WLAN as indicate by:

-
Priority 1) WLANs indicated by WLANSP from this PLMN,

-
Priority 2) WLANs indicated by RAN.

-
Priority 3) WLANs indicated by WLANSP from HPLMN,

When the UE is roaming in another PLMN the WLAN priority list shall contain, in decreasing priority order, WLAN as indicate by:

-
Priority 1) WLANs indicated by WLANSP from HPLMN,

-
Priority 2) WLANs indicated by WLANSP from this PLMN, 

-
Priority 3) WLANs indicated by RAN.

The UE shall, for WLANs indicated by WLANSPs, adopt the priority order indicated in the WLANSP when adding them to the WLAN priority list. The UE shall, for WLANs indicated by RAN, adopt the priority order indicated in the RAN when adding them to the WLAN priority list.

The UE shall:

1>For each WLAN in the ordered WLAN priority list:

2> If the UE is roaming and this WLAN is a WLAN indicated by WLANSP from HPLMN

3>
the UE shall evaluate the availability this WLAN based on ANDSF

2>
else,
3>the UE shall evaluated the availability of this WLAN according to the WLAN availability evaluation criterion in section 5.2.10.2.
The UE shall:

1>
If at least one WLAN is available,

2> the UE shall route traffic to the available WLAN which has highest priority:

2> If the UE has been provided with an ISRP policy:

3> the UE shall route traffic to the WLAN according to the ISRP policy.

2> else

3> The UE shall route to the WLAN the traffic indicated as offloadable by the RAN.

1> else, if no WLAN in the WLAN priority list is available
2> the UE shall route all traffic to 3GPP.
5.2.10.2
WLAN availability evaluation criterion
The following criterion is used when evaluating the availability of a WLAN, according to the procedure in section 5.2.10.1.

1>
If, for the cell the UE is camping on, the measured RSRP level is below threshRsrpLow or the measured RSRQ level is a below threshRsrqLow, at the same time as, for the WLAN the measured RCPI level is above threshRcpiHigh or the measured RSNI level is above threshRsniHigh, for a time TevaluateWlan;
2>
the UE shall consider the WLAN available

1>
else if, for the cell the UE is camping on, the measured RSRP level is above threshRsrpHigh or the measured RSRQ level is a below threshRsrqHigh, at the same time as, for the WLAN the measured RCPI level is above threshRcpiHigh or the measured RSNI level is above threshRsniHigh, for a time TevaluateWlan;

2>
the UE shall consider the WLAN not available.

[End of change]
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