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1. Introduction
It is already agreed by RAN2 that the UE may receive from the eNB or RNC so-called “RAN assistance information”, i.e. one or more parameters that can be used by the UE when taking offload decisions. These parameters define specific thresholds, such as:
· LTE RSRP low and high thresholds (threshRsrpLow, threshRsrpHigh)

· WLAN maximum BSS Load threshold (threshBssLoadLow)

· WLAN minimum backhaul data rate for DL/UL (threshDlBackhaulRateHigh, threshUlBackhaulRateHigh)

· Offload preference threshold (threshOffloadPreference)
· Etc.

Currently, the ANDSF rules do not take into account such thresholds and therefore the offloading decisions of the UE cannot change dynamically based e.g. on the received LTE signal power, on the offload preference of eNB, etc. This limits the 3GPP/WLAN offloading scenarios that can be supported. To mitigate this limitation, it is deemed beneficial to enhance the ANDSF rules so that, when the UE has receives RAN assistance information, this information is taken into account when evaluating the provisioned ANDSF rules. Figure 1 shows an example of ANDSF rules enhanced to consider the thresholds in the RAN assistance information.
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Example of ANDSF rules supporting RAN assistance information

“IARP for NSWO” rule
Route YouTube traffic directly to
WLAN if the WLAN's backhaul rate is
greater to threshDIBackhaulRateLow

“ISMP” rule
Prefer EPC access over WLAN, if
measured RSRP < threshRsrpLow

“IARP for APN” rule
Route Skype traffic to APN-x if the
WLAN's BSS load exceeds
threshBssLoadHigh

“ISMP” rule
Prefer EPC access over 3GPP, if
Offload preference <
threshOffloadPreference and
measured RSRP > threshRsrpHigh

“ISRP for IFOM” rule
Route UDP/RTP flows to WLAN if
Offload preference >=
threshOffloadPreference

“ISMP” rule
Prefer EPC access over WLAN, if
Offload preference >=
threshOffloadPreference

“WLANSP” rule
Select a WLAN that interworks with
partner1.com if the WLAN'’s backhaul rate
>= threshDIBackhaulRateLow and
measured RSRQ < threshRsrqLow





Figure 1: Example of ANDSF rules supporting RAN assistance information

Before we discuss how the ANDSF rules and procedures can be enhanced in order to take the RAN assistance information into account, it is important to discuss first the assumptions and the requirements that should be applied. These assumptions and requirements are presented below in section 3 and are based on the simplified UE model presented in section 2.
2. Simplified UE Model

For the purposes of the discussion below, the UE model illustrated in Figure 2 is used. This model includes (a) an “ANDSF client”, which corresponds to any component(s) in the UE that evaluates and enforces the provisioned ANDSF rules and (b) a “3GPP access” which corresponds to the functions that implement the 3GPP AS and NAS in the UE (typically, as part of the 3GPP modem).
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Figure 2: Simplified UE model.
As shown in Figure 2, the UE may be provisioned with two types of offloading rules: ANDSF rules provided by the ANDSF server over the S14 interface and RAN rules provided by the radio access network through RRC signalling.

The RAN rules are evaluated by the “3GPP access” layer and may trigger the UE to transfer all traffic on a specific PDN connection to WLAN access. These RAN rules and the associated UE procedures are outside the scope of SA2.

The ANDSF rules are evaluated and enforced by a certain UE component, which in Figure 2 is termed as “ANDSF client”. 
The “3GPP access” in the UE may receive from RAN the so-called “RAN Assistance Information”, i.e. the values of one or more thresholds that should be considered when the UE takes offload decisions based on the provisioned ANDSF rules or RAN rules. The “RAN Assistance Information” may also contain a list of preferred WLAN identifiers which are used only by the RAN rules.
The “3GPP access” also measures and stores several RAN related parameters, such as LTE RSRP, LTE RSRQ, UMTS CPICH RSCP, UMTS CPICH Ec/No, etc.
The interface between the “ANDSF client” and the “3GPP access” exposes the necessary APIs so that the “ANDSF client” can request from the “3GPP access” (a) the measured RAN parameters (e.g. measured RSRP, RSRQ, CPICH RSCP, etc.) and (b) the thresholds received from RAN (e.g. threshRsrpLow, threshRsrpHigh, threshBssLoadLow, etc.).

NOTE 1:
It is clear from the above that the UE cannot support ANDSF rules with RAN thresholds if (a) the “3GPP access” does not support the reception of RAN assistance information and/or (b) the interface between the “ANDSF client” and the “3GPP access” cannot provide the measured RAN parameters and the thresholds received from RAN.

3. Assumptions and Requirements

The following assumptions are requirements should be used for scoping and guiding the specification of ANDSF rules that take the RAN assistance information into account.
NOTE 1:
The term UE below refers to an ANDSF-capable UE.
1) It shall be possible for an ANDSF rule to contain thresholds received from RAN (RAN thresholds). 
· For example, an ISMP rule with RAN thresholds may indicate “Access EPC over WLAN if the measured RAN value X is greater to threshold Y”.

2) A UE may or may not be capable of supporting ANDSF rules that contain RAN thresholds. 
· As mentioned in NOTE 1 of section 2, a UE may not be capable of supporting ANDSF rules that contain RAN thresholds. So, it should be assumed that not all ANDSF-capable UEs can support ANDSF rules with RAN thresholds.

3) The UE shall indicate to the ANDSF server if it is capable to support ANDSF rules that contain RAN thresholds.

· Without this indication the UE may be provisioned with ANDSF rules that contain RAN thresholds when the UE does not support such rules. In this case, if the UE simply ignores the RAN thresholds, we may end up to unwanted behaviour. For example, an ISMP rule may indicate "Access EPC over WLAN if the measured RSRP < RAN threshold". If the UE ignores the condition "measured RSRP < RAN threshold", then it will simply apply the rule "Access EPC over WLAN" with no conditions. So, the UE will apply a different rule.
· The cleanest and easiest approach is to assume that ANDSF rules with RAN thresholds are only provided to UEs which can support such rules.
NOTE 2:
Reporting UE capabilities to ANDSF is not a new concept. According to the current specifications, if the UE is capable of using only a single interface for data routing, the UE sends the "urn:oma:at:ext-3gpp-andsf:1.0:provision-single-if" element to ANDSF (see TS 24.312). If the UE is capable of using simultaneously multiple interfaces for data routing, the UE sends the "urn:oma:at:ext-3gpp-andsf:1.0:provision-multiple-if" element to ANDSF (see TS 24.312). By using these elements, the ANDSF server provides either ISMP or ISRP rules.
4) A UE that does supports ANDSF rules with RAN thresholds may be provisioned with rules that contain RAN thresholds and with rules that do not contain RAN thresholds.

5) A UE that does not support ANDSF rules with RAN thresholds may only be provisioned with rules that do not contain RAN thresholds.
6) The following RAN thresholds may be included in the ANDSF rules (as agreed by RAN2):
a) Low and high thresholds for LTE RSRP (denoted as threshRsrpLow and threshRsrpHigh) 

b) Low and high thresholds for LTE RSRQ (denoted as threshRsrqLow and threshRsrqHigh) 

c) Low and high thresholds for UMTS CPICH RSCP (denoted as threshRscpLow and threshRscpHigh) 

Separate thresholds may be used for UMTS FDD and UMTS TDD modes.

d) Low and high thresholds for UMTS CPICH Ec/No (denoted as threshEcNoLow and threshEcNoHigh) 

e) A threshold indicating the Offload Preference of the radio network (denoted as threshOffloadPreference)

This threshold may be signalled by RAN to indicate a level of offload preference. The higher the level of offload preference signalled by RAN, the more traffic is expected to be offloaded to WLAN.

NOTE 2:
The above thresholds a) – e) are references that point to the values received from RAN. They are not values included in the ANDSF rules.

f) A threshold for the BSS load in WLAN access (denoted as threshBssLoadLow)
This threshold indicates the maximum desired BSS load in a WLAN access network.

g) Uplink and downlink thresholds for the WLAN backhaul transmission rate (denoted as threshUlBackhaulRateHigh and threshDlBackhaulRateHigh).
These thresholds indicate the minimum available transmission capacity on the WLAN backhaul.

NOTE 3:
The above thresholds f) – g) are references that point to the values received from RAN. However, the ANDSF rules can include corresponding thresholds, i.e. the MaximumBSSLoad and the MinimumBackhaulThreshold, as specified in TS 23.402.
7) It is assumed that the “ANDSF-client” in the UE may obtain the value of specific RAN thresholds (e.g. the value of threshRsrpLow) or the values of all RAN thresholds by making a request to the “3GPP access” layer. This is visually shown below.
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· This requires enhancements to the API exposed by the “3GPP access”. For example, in an Android UE it requires enhancements to the Radio Interface Layer (RIL). If the “3GPP access” layer does not support RAN thresholds (e.g. because it is based on pre-Rel12 specifications or because it does not support the WLAN/3GPP interworking feature), an error response would be returned.
8) It is assumed that the “ANDSF-client” in the UE may obtain the value of measured RAN parameters (e.g. the value of LTE RSRP) by making a request to the “3GPP access” layer. This is visually shown below.
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· Again, this may require enhancements to the API exposed by the “3GPP access”. 

9) The UE shall re-evaluate the ANDSF rules that contain RAN thresholds in an implementation-dependent way.

· For example, if an ISMP rule indicates “Access EPC over WLAN if LTE RSRP < threshRsrpLow”, the UE may choose to compare the measured LTE RSRP to the threshRsrpLow every 60sec, or at any other implementation-dependent instance.

10) The “3GPP access” layer in the UE may not be able to provide the value of specific or all RAN thresholds. 

· For example, the value of threshBssLoadLow would not be provided by the “3GPP access” layer if the current 3GPP radio access does not provide this threshold. Also, if the current 3GPP radio access does not transmit RAN assistance information, no RAN thresholds would be provided by the “3GPP access” layer.
11) It shall be possible to replace the values of MaximumBSSLoad and MinimumBackhaulThreshold included in a WLANSP rule with the corresponding values of thresholds received from RAN.
· For example, if a WLANSP rules includes the selection criterion “MaximumBSSLoad = 60” and the value of threshBssLoadLow has been received from RAN, then it shall be possible to replace the ANDSF value (60) with the RAN provided value (threshBssLoadLow). In this case, the UE shall essentially compare the BSS load of available WLANs to threshBssLoadLow. Similarly, it shall be possible to not replace the ANDSF value (60) with the RAN provided value (threshBssLoadLow).
12) The values of the measured radio parameters and RAN thresholds referred to in the ANDSF rules are provided the lower layers (e.g. by the access stratum) in the UE. It is therefore outside the scope of SA2 to specify how long these parameters are stored for, or when they are refreshed or deleted.
13) If an ANDSF rule includes a RAN threshold and the value of this threshold is not available in the UE, then the UE shall ignore this ANDSF rule.
· For example, if an ISMP rule indicates “Access EPC over WLAN if LTE RSRP < threshRsrpLow” and the value of threshRsrpLow is not provided by the “3GPP access” layer, then this ISMP rule shall be ignored by the UE. In this case, we believe the UE should not ignore only the condition and apply the rest of the rule because the UE may apply an unwanted rule, e.g. “Access EPC over WLAN with no conditions”.
Editor's Note: Alternatively, the rule itself may indicate if the presence of the RAN threshold is mandatory or optional for evaluating the rule. If it is mandatory and the threshold is missing, the rule is ignored. If it is optional and the threshold is missing, the rule is evaluated without considering the [LTE RSRP < threshRsrpLow] condition. However, this will considerably increase the complexity.
4. Proposal
It is proposed to enhance the ANDSF rules and procedures for supporting RAN thresholds by considering the assumptions and requirements presented in section 3.
It is also proposed to specify all enhancements to ANDSF rules and procedures in a separate clause in TS 23.402, i.e. introduce a new sub-clause under 4.8 to specify all the enhancements related to RAN thresholds and leave the existing sub-clauses as they are.
The corresponding changes to TS 23.402 are implemented in S2-141079.
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