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1. Introduction
At 3GPP RAN2 #81 and #81bis meeting, the basic requirements for traffic steering between 3GPP and WLAN were agreed and are stated in the TR [1] as follow: 

1.
Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.  

2.
Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience). 

3.
Solutions should improve the utilization of WLAN when it is available and not congested.

4.
Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).

5.
Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.

6.
Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy UEs even though legacy UEs may not benefit from the improvements provided by these solutions.

7.
Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications.

8.
Per target WLAN system distinction (e.g. based on SSID) should be possible.

9.
Per-UE control for traffic steering should be possible.

10.
Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.
Also the following solution direction descriptions are provided below:

Solution 1: 
· In this solution RAN provide assistance information to the UE. Based on this information and rules provided for instance via ANDSF (not by RAN) the UE steers traffic to a WLAN or RAN.

· This solution is applicable to UEs in RRC IDLE and RRC CONNECTED states for E-UTRAN and CELL_DCH, CELL_FACH, CELL_PCH and URA_PCH states for UTRAN.

· Solution details are FFS.
Solution 2: 
· In this solution RAN provide access network selection parameters  (e.g. thresholds, priorities, rules). Based on these parameters the UE steers traffic to a WLAN or RAN access network.

· This solution is applicable to UEs in RRC IDLE and RRC CONNECTED states for E-UTRAN and  CELL_FACH, CELL_PCH, URA_PCH and CELL_DCH states for UTRAN).

· Solution details are FFS. Relation to ANDSF is FFS.
Solution 3: 
· In this solution the traffic steering for UEs in RRC CONNECTED/CELL_DCH state is controlled by the network using dedicated traffic steering commands, potentially based also on WLAN measurements.

· For UEs in RRC IDLE and CELL_PCH and URA_PCH states the solution is similar to solution 2. Relation to solution 1 is FFS.

· Solution details are FFS. Relation to ANDSF is FFS. CELL_FACH is FFS.
In this contribution, the main focus is on Solution 1 and is based on enhancing ANDSF to take into consideration radio link quality per UE, backhaul quality, load for both cellular and WLAN accesses for traffic steering to show that the solution meets the requirements agreed.  
2. Discussion
2.1 Background

Currently, an operator can control the network selection between 3GPP and WiFi either by provisioning the policy on the UE or sending the policy via ANDSF. These policies can either be inter-system mobility policy (ISMP) or inter-system routing policy (ISRP) depending on the capability of the UE (i.e. whether it support IFOM, Non-seamless WLAN offload or MAPCON). These existing policies do not take into consideration the WiFi nor 3GPP radio related information (such as WiFi access load, 3GPP access load etc.). There is currently an ongoing Rel-12 work in SA2 to enhance ANDSF to specify WLAN selection policies that take into account WiFi AP load information and WAN metrics in WFA Hotspot 2.0 specification. The RAN 2 work can be viewed as complementary to this taking the 3GPP radio related information into consideration for network selection between WiFi and 3GPP.

One approach is to extend the existing policies to include the 3GPP and WiFi radio related information as part of the condition associated with a rule in the ISMP or routing criteria associated with a rule in the ISRP. At the moment, the condition in ISMP and routing criteria in ISRP contain the Validity area and optionally the Time-of-Day. This provides the area and time duration where a rule is valid. This can be extended to take 3GPP and WiFi radio related information as a further condition in each rule within a policy. 
In the next section, the details of Solution 1 based on extending ANDSF are discussed and how it meets the design criteria agreed so far. 
2.2 Solution 1: Traffic steering based on extending ANDSF policy
ANDSF is a policy based approach which requires sending a set of rules and these rules can be extended to contain conditions related to the 3GPP radio and WiFi radio information to the UE. Such rules could be as follow which take into consideration the WiFi/3GPP signal strength and load:
· 3GPP -> WiFi: If 3GPP network signal strength is less than s and 3GPP network load is greater than x, and if WiFi signal strength is greater than r and WLAN AP load is less than y, move flow to WLAN AP

· WiFi -> 3GPP: If 3GPP network signal strength is greater than s’ and 3GPP network load is less than x', and if WLAN AP signal strength is less than r’ and WLAN AP load is greater than y', move flow to 3GPP AP

This can be realised e.g. with a new ISRP. Taking the flow distribution container for UE supporting MAPCON (i.e. ForServiceBased), the above rules can be included as part of the RoutingCriteria node related to policies associated with WiFi and 3GPP RAN information. If ANDSF is not deployed by an operator, these rules can still be statically provisioned within a UE as stated in TS24.302 Section 5.4.1 for ISRP extracted below.
the Inter-System Routing policies. For an IFOM capable UE or a non-seamless WLAN offload capable UE, or a MAPCON capable UE or any combination of these capabilities, the ISRP can be statically provided within that UE. Additionally, the ISRP can be provided by the H-ANDSF or the V-ANDSF or both;
In addition to providing the rules to the UE (either pulled/pushed or statically provisioned), the RAN needs to broadcast some form of representation of the 3GPP cell load to at least the idle mode UEs (including RRC Idle for LTE and URA PCH and Cell PCH UEs for UMTS). Connected mode UEs (i.e. RRC Connected UEs for LTE and Cell DCH UEs for UMTS) can receive the 3GPP load either via broadcast or optionally from dedicated signalling. 
The 3GPP cell load information could be represented in various forms. For example, eNB may provide level of congestion (e.g., in percentage of the load). This approach gives the explicit load status of 3GPP RAN to UEs which perhaps some operators are reluctant to reveal. Alternatively, eNB can provide an indication of the preference level to offload to WiFi. This preference level can be e.g. an integer number in the range 0…9 or some enumerated value of low medium and high.

Furthermore, it maybe beneficial to be able to adjust the thresholds e.g. 3GPP network load x and x’ and 3GPP network signal strength r and r’ on a per 3GPP cell basis (e.g. in the case the ANDSF rules are set on per PLMN etc.) and hence such thresholds can be broadcast in the 3GPP cell.
With 3GPP/WiFi signal strength (i.e. RSSI for WiFi, RSRP for LTE and CPICH RSCP for UMTS) and backhaul and network load (i.e. BSS load element and WAN metric for WiFi load, 3GPP network load based on some cell load indicator broadcast or unicast which is some representation of e.g. total PRB usage and/or the total UL/DL Data volume as specified in TS36.314 for the case of LTE) being taken into consideration, the following design criteria (from the requirements) can be met as shown in the table:

	Design criteria
	How does ANDSF policy meet the design criteria

	Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.  
	· 3GPP load and WiFi load are part of the rules

	Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience).
	· 3GPP and WiFi load are part of the rules
· Traffic flow distribution allows for QoS requirement of IP traffic flow to be taken consideration

· WiFi and 3GPP signal strength are part of the rules   

	Solutions should improve the utilization of WLAN when it is available and not congested.
	· 3GPP load and WiFi load are part of the rules
· WiFi and 3GPP signal strength are part of the rules   


Since it is an extension of the ANDSF policy, it is sure to be compatible to the existing CN solution (Non-seamless offload, MAPCON and IFOM etc.) and hence meet the following design criterion:

5.
Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.

As the policy can also be configured for a validity area, this will also fulfil the following design criterion as it will be able differentiate which policy/policies are valid for which list of WLAN APs (based on HESSID, SSID or BSS ID) and/or list of 3GPP networks.  

8. Per target WLAN system distinction (e.g. based on SSID) should be possible.
Furthermore, it also meets the further two possible design criteria as proposed in [2] as the ANDSF solution will support IP traffic flow steering and per UE subscription without further impact to the specification. Being able to send policies based on UE subscription already provides a certain level of per UE control for traffic steering. Further per UE control for traffic steering can also be achieved via using dedicated signalling, e.g. UE in RRC Connected can receive dedicated cell load information. Such dedicated signalling can take into consideration cell specific issue (e.g. UL interference, deployment topology etc.) and UE capability, and also provides an alternative way to finer control the movement of the IP traffic flows of UEs in RRC_Connected. However, without knowing the WiFi measurement from each the UE to make such control, it may not always optimally choose the right UE to move to WiFi. Other than that, the ANDSF solution can also sufficiently meet the following design criterion:

9.
Per-UE control for traffic steering should be possible.

The general downside of the policy based solution is that there is possibility of triggering many UEs switching from one network to another. However, this can easily be solved using some simple form of randomization (e.g. using access class of the UE to proportionate UEs moving their traffic, UE picking a random number and comparing against a threshold to decide whether to move the its traffic) to prevent UEs from performing the network selection at the same time. With such a mechanism specified, mass movement from one access to another will be averted. For UE in RRC Connected, dedicated signaling can be further used to control the traffic steering. Ping-ponging due to mass movement of IP traffic can be minimized and thus meeting:
10.
Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.
The design criterion 6 (backward compatible) can be fulfilled e.g. with a new policies to the ANDSF and the design criterion 7 is definitely met as it does not require any changes to WiFi access. Also we do not see any increase in UE power consumption and thus design criterion 4 should also be met.
Observation: Solution 1 based on enhancing ANDSF fulfils all the requirements in the TR (as listed in the introduction).
3. Conclusions
It is requested that RAN 2 discuss the following observations and proposals:

Observation: Solution 1 based on enhancing ANDSF fulfils all the requirements in the TR (as listed in the introduction).
Proposal: Solution 1, based on enhancing ANDSF policies to include 3GPP radio information (such as WiFi/3GPP load and signal strength etc.) in the rules with additional information over RRC (e.g. 3GPP cell load and 3GPP/WiFi signal strength) to allow the UE to evaluate the rules, should be considered as the baseline solution for the study. 
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