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1   Introduction
For solution 1, as described in [1], RAN provides assistance information to the UE. Based on this information and rules provided for instance via ANDSF the UE steers traffic to a WLAN or RAN. In this document, we discuss the work required for solution 1 to be ready from a standard perspective and the work to deploy it (ANDSF rules and RAN assistance information).
2   Discussion
2.1   ANDSF rules
In general, following factors can be considered for 3GPP-WLAN radio interworking:

1. Network signal: the UE may select the network with better signal strength to improve the service experience. This is especially relevant for UEs in the edge of RAN coverage area.
2. Network conditions (e.g. load): the network may also trigger the UE offloading for e.g. load balancing purpose.
3. User profile: in a resource-constrained scenario, only higher priority users are allowed to select the network with more resources or better performance. 
The above 3 factors are currently not all implemented in ANDSF rules:

· Network signal: ANDSF does not allow any signal threshold for network selection up to Rel-12.

· Network conditions: Although SA2 has studied a dynamic indication to UEs based on RAN congestion status, the detail solution has not been decided yet. As mentioned in [2], it is TBD whether the indication is provided by the RAN or CN and also FFS whether parts of the design considered in RAN2 is suitable for SA2 to be added to ANDSF. RAN2 and SA2 need to agree on a joint solution design including RAN load status and before it can be standardized in the ANDSF framework.
· The priority of user (e.g. gold/silver/bronze) is stored in subscription data, the ANDSF server has to consider the UE subscription data when defining the prioritized ANDSF rules. How to deploy such “priority rules” jointly with RAN assistance information is not clearly studied in Rel-12. For example:
ANDSF: if (RAN_RSRP > x) {attempt to use WiFi})
RAN: the RAN_RSRP threshold might be provided by the RAN and used in the ANDSF rule.
Assume all UEs can obtain this ANDSF rule, while gold users are required to have higher/lower priority to trigger offloading. However, since threshold(s) is provided by RAN, then how to achieve this become FFS. 

Observation 1: For 3GPP-WLAN radio interworking solution 1, RAN2 need to jointly discuss with SA2 to apply the RAN threshold/load and distinguish different types of users in order to extend the ANDSF framework accordingly..

Roaming is also mentioned in the RAN2 discussion. Currently, if more than one set of ANDSF rules is available in the UE, the UE shall only use one set at any one time. If available, the set of the V-ANDSF take precedence [3]. Currently SA2 is discussing to change the priorities between H-ANDSF and V-ANDSF, so that H-ANDSF can have precedence. However, since the assistance information is still provided by V-PLMN. For example, the H-ANDSF rule needs signal threshold and load information, but V-PLMN only provides RAN load, then how to implement solution 1 effectively in such case may become FSS, which needs joint discussion between RAN2 and SA2.
Observation 2: How to implement solution 1 effectively in roaming scenario needs joint discussion between RAN2 and SA2. 
2.2   Assistance information
For solution 1, the RAN assistance information is provided to UE to decide when to trigger the traffic offloading according to the ANDSF rules. An example of such combination is given in the TR [1]: 
· 3GPP ( WLAN: If RAN RSRP is less than threshold s and RAN direct load is greater than threshold x, and if WLAN RSSI is greater than threshold r and WLAN BSS load is less than threshold y, move flow to WLAN 

· WLAN ( 3GPP: If RAN RSRP is greater than threshold s’ and RAN direct load is less than threshold x', and if WLAN RSSI is less than threshold r’ and WLAN BSS load is greater than threshold y', move flow to UMTS/LTE
where RAN assistance information includes:
· Network signal thresholds (RAN/WLAN)

· Load thresholds (RAN/WLAN) 
In this example, only when both network signals and load condition meet the thresholds, the UE can trigger the offloading. To facilitate the analysis, we discuss these 2 factors separately.
(1)   Network signal threshold 
In the example from the TR [1], RAN RSRP and WLAN RSSI are used to define the threshold. With respect to WLAN thresholds, it has been mentioned that a WLAN threshold would not be used in a consistent manner by different UEs due to the lack of calibration in WLAN signal measurement across WLAN chipset vendors [4]. With respect to RAN thresholds, how to select the threshold value depends on WLAN AP deployments.
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Figure 1: example of RAN threshold issue
An example of thresholds for 3GPP offload to WLAN is shown in the Fig. 1, if the RAN_RSRP is set as RAN_TH, then UE will not be able to select the APs in the area 1. This implies that if we want to make the offloading effective by using a fixed RAN threshold, the APs have to be deployed further than the threshold (e.g. RAN coverage edge), and otherwise the APs close to the RAN centre will hardly be used. This highly depends on the AP deployment and require cell-specific configuration. 
Nevertheless, it is still difficult to realize:
· In many scenarios, RAN base stations are deployed in areas with heavy traffic, preferably so that the heaviest traffic in the cell centre. If WLAN APs are deployed in such areas for traffic offloading purpose, the RAN threshold to trigger offloading from RAN to these WLAN APs has to be set very high to trigger the offloading. If such a high RAN threshold is broadcast and used by UEs to trigger the search of WLAN, many UEs not in the coverage of the indicated WLANs will still search for WLAN coverage, as shown in figure 2, with the associated waste of battery.
· If the operator is not aware of the location of WLAN APs, it is difficult to set up a suitable RAN threshold.
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Figure 2: issue of high RAN threshold
In [5], it mentioned an offloading method by dynamically adjusting the RAN threshold e.g. from low to high, so that initially only UEs at the cell edge are directed from RAN to WLAN APs and then UEs closer to the cell centre as the threshold is increased. If such a method is used, the usage of each WLAN AP depends on its geographical location relatively to 3GPP RAN cells, e.g. APs too close to the cell centre may rarely be used. Also, the network still needs to select initial and increment values for the threshold taking into consideration the WLAN AP deployment otherwise the offload performance cannot be guaranteed.
Observation 3: using RAN thresholds requires to coordinate RAN and WLAN AP location and to adapt the cell-specific threshold accordingly.
(2)  Network condition
The network conditions (e.g. load) may also be used to assist the UE determining which network (RAN/WLAN) is preferred for a certain UE traffic. In the example from the TR [1], WLAN BSS load and RAN load are used for offloading. Since the UE can obtain WLAN BSS load from WLAN beacon frame, the RAN only needs to provide RAN load. 
If RAN load is broadcast:

· UE power may be wasted: if a change of RAN load triggers all UEs to search for WLAN, a number of UEs out of WLAN coverage will still search for WLAN APs
· Ping-pong may occur: If many UEs offload traffic to WLAN/RAN in a short period, the load of the network where this traffic is offloaded will be increased and the thresholds to go back may be met so that UEs may come back to RAN/WLAN and so on, as shown in Figure 3. One possibility to avoid the ping-pong issue is setting different thresholds in each direction (e.g. if 3GPP load >80% and WLAN load <50%, go to WLAN, if 3GPP load <50% and WLAN load > 80%, go to 3GPP). If different thresholds are used for each direction, since it is difficult for RAN to predict how many UEs will change, the thresholds has to be very different which may result in permanent imbalance of resources between 3GPP and WLAN.
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Figure 3: example of Ping-Pong issue
Observation 4: if RAN load is broadcast, ping-pong avoidance using different thresholds for 3GPP to WLAN and for WLAN to 3GPP results in load imbalance between 3GPP and WLAN.
Another possibility is to indicate the RAN status to the UE through dedicated signalling to avoid these issues. In that case, the RAN may send a "high 3GPP load" indication only to a subset of UEs. However, offload to WLAN will still not occur if the selected UEs do not have good enough WLAN signal or have no traffic for which offload is allowed by ANDSF rules e.g. because certain services are not running or because they are high priority users for which certain traffic should stay on 3GPP according to the ANDSF policy for this UE. This means that the RAN may need to know which UE has WLAN coverage, which traffic is ongoing and what is the ANDSF policy.
Observation 5: Using dedicated signalling to avoid ping-pong requires the RAN to know which UE has WLAN coverage, which traffic is ongoing and what is the ANDSF policy
If we combine the network threshold and load together, as shown in the figure 4, comparing with figure 3 the only difference is that the offloading is now restricted to the area outside the RAN threshold, i.e. the above observations remain valid.
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Figure 4: example of ping-pong issue when combining the network threshold
Observation 6: the previous observations remain valid when network threshold and load conditions are used together.
3   Conclusion
In this document, we discuss how solution 1 works and observe the following:
Observation 1: For 3GPP-WLAN radio interworking solution 1, RAN2 need to jointly discuss with SA2 to apply the RAN threshold/load and distinguish different types of users in order to extend the ANDSF framework accordingly. Observation 2: How to implement solution 1 effectively in roaming scenario needs joint discussion between RAN2 and SA2.

Observation 3: Using RAN thresholds requires to coordinate RAN and WLAN AP location and to adapt the cell-specific threshold accordingly.
Observation 4: If RAN load is broadcast, ping-pong avoidance using different thresholds for 3GPP to WLAN and for WLAN to 3GPP results in load imbalance between 3GPP and WLAN.
Observation 5: Using dedicated signalling to avoid ping-pong requires the RAN to know which UE has WLAN coverage, which traffic is ongoing and what is the ANDSF policy.
Observation 6: the previous observations remain valid when network threshold and load conditions are used together.
We propose that the above observations are captured in the TR [1].
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