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1. Discussion
This document specifies how the ANDSF rules can be enhanced in order to utilize the RAN assistance information provided to UE by the eNB/RNC (RAN). The parts of RAN assistance information that can be used by the ANDSF rules include:
· 3GPP access thresholds, such as low/high RSRP thresholds, low/high CPICH Ec/No thresholds, etc;

· WLAN access thresholds, such as a low BssLoad threshold and a high UL/DL backhaul data rate; and

· An OPI value.

The proposal presented in section 2 is based on the following questions / answers / conclusions:
Question 1: Which ANDSF rules should support the above RAN assistance information provided by RAN?

Only the ANDSF rules used for traffic steering when the UE can simultaneously route traffic to both 3GPP and WLAN accesses, i.e. the IARP and ISRP rules. Such UE is said to operate in “dual-radio” mode.
For WLAN access selection we believe that there is little value (if any) in using RAN assistance information. This is because the WLANSP rules already support selection based on ANDSF-provided WLAN access thresholds (max BSS Load and min DL/UL backhaul rate). Using also RAN-provided WLAN access thresholds or 3GPP access thresholds is not deemed necessary. So, when the WLAN selection is based on ANDSF rules, only the ANDSF-provided thresholds will be used, as already specified.

Using RAN assistance information for selecting an access for EPC connectivity (e.g. “connect to EPC over WLAN access when measured RSRP < high RSRP threshold; otherwise connect to EPC over 3GPP access”) may bring some value but it is unclear whether this is in the scope of Rel-12 and whether there is enough time to specify them in Rel-12. So, it is proposed to leave them outside of Rel-12.

Conclusion 1: The thresholds and parameters in the RAN assistance information may only be used by the IARP and ISRP rules applied when the UE can simultaneously route traffic to both 3GPP and WLAN accesses. The WLANSP and ISMP rules shall not use the thresholds and parameters in the RAN assistance information (at least not in Rel-12).
Question 2: The UE applies IARP rules even when operating in “single-radio” mode (the UE cannot simultaneously route traffic to both 3GPP and WLAN accesses). In this case, would the UE utilize the thresholds and/or parameters that may be included in the IARP rules?
We believe that, when the UE operates in “single-radio” mode, there is no reason to consider the 3GPP/WLAN access thresholds or the OPI value provided by RAN for deciding how to route traffic across the PDN connections established over the same radio access. In this case, UE may either (a) ignore all IARP rules that refer to thresholds and/or parameters provided by RAN or (b) it may evaluate these IARP rules but without considering the referred thresholds and parameters (i.e. without evaluating the RAN validity conditions; see Question 4). Both options are feasible but option (a) may require separate IARP rules for “single-radio” and for “dual-radio” operation. Therefore, option (b) looks more appropriate.
Conclusion 2: When the UE operates in “single-radio” mode it shall evaluate the provisioned IARP rules but without considering the referred thresholds and parameters in these rules (if any).
Question 3: When the UE operates in “dual-radio” mode, can it apply ANDSF traffic steering rules that do not utilize the thresholds and parameters provided by RAN?
Yes. We believe that, even when RAN provides thresholds and/or parameters to UE, the operator should still be able to define ANDSF traffic steering rules that do not utilize these thresholds and parameters. For example, a rule may specify that IMS traffic should always be routed to the IMS APN no matter the thresholds and parameters provided by RAN.
In addition, we believe that an ANDSF traffic steering rule should explicitly indicate the thresholds and parameters that should be utilized when the rule is evaluated. For example, when RAN provides three thresholds (e.g. threshRsrpLow, threshBssLoadLow, threshDlBackhaulRateHigh) it should be possible to define an ANDSF rule that utilizes only one of them, e.g. “route all IP traffic to WLAN if measure RSRP < threshRsrpLow”. Note that the thresholds provided by RAN are “common” thresholds that can be utilized by RAN rules and/or by ANDSF rules. RAN may provide three thresholds because RAN rules may need to utilize them but this does not mean that all ANDSF rules should also utilize all of them.
Conclusion 3: An ANDSF traffic steering rule shall explicitly indicate the thresholds and/or parameters that should be utilized when the rule is evaluated.
Question 4: How an ANDSF traffic steering rule (IARP/ISRP) can be enhanced in order to utilize specific thresholds and/or parameters provided by RAN?
It is proposed that the ANDSF traffic steering rules are extended to include RAN Validity Conditions, which refer to specific thresholds and parameters provided by RAN and (optionally) to default thresholds provided by ANDSF.
Fig. 1 below shows an example of how RAN validity conditions could be encoded in the ANDSF traffic steering rules. The purpose of this figure is to better explain the proposal by illustrating some stage-3 details; however, there is no intention in capturing such stage-3 details in TS 23.402.

As shown in Fig. 1, the RAN validity conditions can include:

· Zero, one or more Threshold conditions, each one associated with a 3GPP or WLAN access threshold (e.g. Threshold = RsrpLow, or RsrpHigh, or BssLoadLow, etc.). Each threshold condition may optionally contain a default threshold value (DefaultValue) which is used when the associated with a 3GPP or WLAN access threshold from RAN is not available in the UE.
· Zero or one OPI condition, which contains an OPI bitmap or scalar (for the sake of example, Fig. 1 shows an OPI bitmap) that the UE must compare with the OPI value provided by RAN. 
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Fig. 1: Example of an ANDSF rule with RAN Conditions.

The Threshold included in a Threshold Condition is used by the UE to determine the condition to evaluate. For example, if “Threshold = threshRsrpLow”, then the UE evaluates the condition “measured RSRP < threshRsrpLow”; if “Threshold = threshDlBackhaulRateHigh”, then the UE evaluates the condition “measured DL backhaul rate > threshDlBackhaulRateHigh”.

When the UE attempts to evaluate a threshold condition but the associated 3GPP or WLAN access threshold in not available in the UE (e.g. because it is not provided by RAN), then the UE evaluates the threshold condition by using the default value, if present. If the default value is not present, then the threshold condition is considered as false. 

When the UE attempts to evaluate an OPI condition but no OPI value is available in the UE then the OPI condition is considered as false.
When the UE is not roaming or when it is roaming and applies ANDSF rules from VPLMN, the UE shall always consider the thresholds provided by RAN (if any) and shall ignore the default values. If the UE has no thresholds provided by RAN, then it shall use the default values. When the UE is roaming and applies ANDSF rules from HPLMN, the UE shall always consider the default values and shall ignore the thresholds provided by RAN (if any).
Conclusion 4: Extend the IARP and ISRP rules so that they support RAN Validity Conditions. The RAN Validity Conditions may include one or more threshold conditions, each one referring to a 3GPP/WLAN access threshold provided by RAN, and one OPI condition that refers to the OPI value provided by RAN. The UE evaluates the threshold and OPI conditions to determine when an IARP / ISRP rule is valid and applicable.
Question 5: If we want to apply a routing policy such as “route YouTube traffic directly to WLAN access when BSS Load < threshBssLoadLow or to 3GPP access when BSS Load > threshBssLoadLow”, do we need to define two ANDSF rules with different RAN validity conditions?
NOTE:
The text below is provided for information only and contains some ‘hints’ for optimizing the number of ANDSF rules in the UE. However, no specification changes are proposed.

All UEs that operate in “dual-radio” mode have a “default” IP interface which is commonly the interface used for NSWO. So, to apply the above routing policy only a single IARP rule is required: “route YouTube to the Internet APN when BSS Load > threshBssLoadLow”. When the condition “BSS Load > threshBssLoadLow” is not satisfied the UE routes YouTube traffic to the default IP interface, namely to WLAN.
Regarding the policy for IP flow mobility, similar comments are applicable: The “IFOM layer” (e.g. DSMIPv6) in the UE has a default IFOM interface (again, the interface using WLAN access). All IFOM traffic that does not match any IFOM rule is routed to the default IFOM interface.

Even for establishing PDN connections the UE is typically configured with 3GPP as the default radio access. This means that when a “dual-radio” UE has no MAPCON rule to indicate a preferred radio access for APN-x, then the UE establishes PDN connections to APN-x over 3GPP access. Therefore, to apply the policy “establish PDN connections to APN-x over WLAN when BSS Load < threshBssLoadLow or over 3GPP access when BSS Load > threshBssLoadLow” we only need one MAPCON rule: “establish PDN connections to APN-x over WLAN when BSS Load < threshBssLoadLow”.
Based on the above, it is expected that the majority of practical routing policies can be enforced in the UE with a single ANDSF traffic steering rule that contains the appropriate RAN validity conditions. When this ANDSF rule is not valid the default IP interface or the default IFOM interface or the default radio interface for PDN connection establishment is used.

In some exceptional use cases two separate ANDSF traffic steering rules may be required but this is not a new issue. Even without the RAN validity conditions, the UE may need separate rules for applying different routing behaviour inside and outside a location area.
Conclusion 5: With the proposed RAN validity conditions, it is expected that the most practical routing policies that refer to 3GPP/WLAN access thresholds could be enforced in the UE with a single ANDSF rule. 
2. Proposed Stage-2 Changes

Based on the above discussion, the following changes are proposed to TS 23.402.
Note that all ANDSF enhancements related to the RAN Assistance Information and the RAN Rules are specified in a separate / dedicated clause, as shown below.
4.8.6
Support of RAN Assistance Information

4.8.6.1 
General

As specified in TS 36.331 and TS 25.331, an E-UTRAN or UTRAN (referred to as RAN) may provide RAN Assistance Information to UE. This RAN Assistance Information contains the following thresholds and parameters that may be utilized by the ANDSF rules:

-
3GPP access thresholds;

-
WLAN access thresholds; and 

-
An Offload Preference Indication (OPI) value.

The 3GPP access thresholds define low/high threshold values for some UTRA and/or E-UTRA radio parameters, such as low/high RSRP thresholds for E-UTRA, low/high CPICH Ec/No thresholds for UTRA, etc. The WLAN access thresholds define low/high threshold values for some WLAN access parameters, such as a low BSS Load threshold and high UL/DL backhaul data rate thresholds.

The OPI value... [to be completed based on the OPI agreements].

The thresholds and parameters provided to UE in a UTRA or E-UTRA cell may affect the validity of the ANDSF rules (as specified in sub-clause 4.8.6.2) and thus make these rules subject to conditions set by the RAN in a given cell. For example, an ISRP for NSWO rule may indicate "Route all TCP traffic to WLAN when measured RSRP < low RSRP threshold".

4.8.6.2 
ANDSF Rules Utilizing RAN Assistance Information
Only the following ANDSF rules may utilize the thresholds and parameters provided by RAN as part of the RAN Assistance Information:

-
Inter-APN Routing Policy (IARP) rules; and

-
Inter-System Routing Policy (ISRP) rules. 

An IARP/ISRP rule may or may not utilize the thresholds and/or parameters provided by RAN. When an IARP/ISRP rule utilizes the thresholds and/or parameters provided by RAN, the rule shall be constructed as follows:

1.
The IARP/ISRP rule shall contain RAN validity conditions.

2.
The RAN validity conditions may include one or more threshold conditions and one OPI condition.

3.
Each threshold condition shall be associated with either a 3GPP access or a WLAN access threshold provided by RAN. A threshold condition shall be evaluated to true or false as specified in sub-clause 4.8.6.3.

4.
A threshold condition may include a default threshold value. This value is used as specified in sub-clause 4.8.6.3, e.g. for evaluating the threshold condition when the 3GPP or WLAN access threshold associated with the condition is not available in the UE.

5.
The OPI condition shall be evaluated based on the OPI value provided by RAN as specified in sub-clause 4.8.6.3.

6.
An IARP/ISRP rule is considered as invalid when at least one of its RAN validity conditions is false.

4.8.6.3 
UE Procedures

When the UE is provisioned with IARP/ISRP rules that contain RAN validity conditions, then:

-
If the UE can simultaneously route IP traffic to both 3GPP access and WLAN access, the UE shall determine the validity of these rules by evaluating also their RAN validity conditions;

-
Otherwise, if the UE cannot simultaneously route IP traffic to both 3GPP access and WLAN access, the UE shall ignore the RAN validity conditions in these rules, i.e. the UE shall consider the RAN validity conditions as true.

The UE shall evaluate every threshold condition and OPI condition included in the RAN validity conditions of an IARP/ISRP rule. If at least one of these conditions is evaluated to false, then the IARP/ISRP rule shall be considered invalid.

The UE shall evaluate a threshold condition as follows:

-
When the UE is not roaming or when it is roaming and applies ANDSF rules from VPLMN, then, if the 3GPP or WLAN access threshold associated with the threshold condition is available in the UE (e.g. it is provided by RAN), the UE shall ignore the default values (if any) and shall evaluate the threshold condition by considering only the associated 3GPP or WLAN access threshold provided by RAN. If the 3GPP or WLAN access threshold associated with the threshold condition is not available in the UE (e.g. it is not provided by RAN), then the UE shall evaluate the threshold condition by using the default threshold value, if present. If the default threshold is not present, the UE shall consider the threshold condition as false.

-
When the UE is roaming and applies ANDSF rules from HPLMN, then if the threshold condition includes a default threshold value, the UE shall ignore the 3GPP and WLAN access thresholds provided by RAN and shall evaluate the threshold condition by considering the default threshold value. If the threshold condition does not include a default threshold value, then the UE shall evaluate the threshold condition by using the associated 3GPP or WLAN access threshold provided by RAN, if available in the UE. If the associated 3GPP or WLAN access threshold is not available in the UE, the UE shall consider the threshold condition as false.

The UE shall evaluate an OPI condition as follows:

-
[To be completed based on the OPI agreements...]
4.8.6.4 
Co-existence with RAN Rules

[Considered in another document]
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