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Introduction

There is an open issue whether or not the ANDSF can provide static/default thresholds related to the 3GPP RAN parameters (e.g. RSRP, RSRQ etc). In addition, there is also on open issue on how the UE evaluates an ANDSF rule when the associated RAN assistance parameters are not available in the UE and no static/default RAN thresholds are provided in the ANDSF rule. 
In this contribution we analyse the threshold handling and in particular how 3GPP radio related thresholds should be handled.

Discussion

RAN2 has defined a number of “RAN assistance parameters” that are signalled by the RAN and that are used by the RAN rules and the ANDSF. These RAN assistance parameters are:

1. LTE RSRP/UMTS CPICH RSCP threshold (for FDD)/UMTS PCCPCH RSCP threshold (for TDD)
2. LTE RSRQ/UMTS CPICH Ec/No threshold (for FDD)
3. WLAN Channel utilization in the BSS load IE (MaximumBSSLoadValue defined in TS 24.312 [3]) threshold 

4. Available WLAN DL and UL backhaul data rate (MinBackhaulThreshold defined in TS 24.312 [3]) threshold

The ANDSF includes thresholds for BSSLoad and backhaul data rate (similar to #3 and #4) in the WLANSP. There are however no thresholds in ANDSF for the parameters related to 3GPP access. 
Feasibility of ANDSF provided 3GPP radio thresholds

If we look at RSRP as an example; RSRP is a measure of the strength of the signal the UE receives from the eNB. The further away a UE is from the eNB the lower RSRP this UE will receive. An example is shown in figure X below.
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Figure 1 RSRP level for different UE positions and cell types
Naturally, in a small cell the range of RSRP is smaller than the range of RSRP in a large cell. Hence what is high RSRP in one cell may be medium or even low RSRP in another cell.

Observation: Whether an RSRP is high or low dependents on the radio conditions in the cell.

The motivation for introducing RSRP thresholds is to be able to offload cell edge-UEs while keeping the cell centre-UEs in 3GPP as cell edge-UEs are consuming a lot of radio resources and offloading these UEs will benefit the whole system.

However, as seen above, what is high RSRP and low RSRP depends on the size of cell the UE is in and to be able to set the RSRP threshold to suitable value, one needs to have information about the radio environment of that cell.

The ANDSF server will most likely not have information about the radio environment of each cell in the network. So a static RSRP threshold set by ANDSF (which by the way would be common for many/all cells) would be too large in some cells while being too small in some other cells and hence the system performance would suffer due to inappropriate threshold settings. 
One possible setting of a potential static threshold in ANDSF is a very low value. The intent would be to achieve a use case where the UE moves to WiFi if it comes close to a cell edge without neighbour cells and risk losing 3GPP coverage completely. However, with such a low threshold value, the ANDSF rule would never result in offload to WiFi if the UE is in 3GPP coverage but the RAN does not provide any RAN Assistance Parameters. Such a rule would always result in using 3GPP access unless RAN Assistance Parameters are received. Also, with current ANDSF solution the UE can take the UE Local Operating Environment into account basically achieving the desired result without additional ANDSF policies. 
Another possible setting is to have a high or intermediate threshold value to have a more offensive offload strategy to WLAN, e.g. always move to WLAN unless the 3GPP access provides very high signal strength. In this case the UE may never go to e.g. small cells that have a low maximum output power so the UE ends up on using only macro cells and WiFi. 

Also static RSRQ thresholds are not useful in ANDSF policies.

RSRQ is basically the useful signal minus the interference (in dB). A UE served by an eNB will consider the signal from other eNBs as interference. However, RSRQ does not directly relate to user experience. For example, in a scenario with large distance between eNBs the UE may have very high RSRQ, while not getting good user experience as the UE may be in a power limited scenario. On the other hand if the distance between eNBs is lower the UE may be having relatively low RSRQ while still getting very good user experience. Which RSRQ is providing good/bad user experience is highly dependent on the scenario which the ANDSF server will not be aware of.
A simplified illustration of a problem with default/static RSRQ thresholds is shown in figure X below. In this figure it is shown the RSRP from three different eNBs; eNB 1, eNB 2 and eNB 3. It is shown two different RSRQ thresholds; X dB and Y dB. For simplicity we are in this figure we are considering only interference from the strongest interferer.

The threshold of X dB may be suitable for determining offloading to WLAN if served by eNB 2, however if this threshold is used to determine offloading to WLAN when served by eNB 3 then the UE would always do WLAN offloading. The threshold of Y dB may be suitable for determining offloading to WLAN if served by eNB 3, however this threshold is used to determine offloading to WLAN when served by eNB 2 then the UE would never do offloading to WLAN.
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Furthermore, RSRP and RSRQ is calculated from CRS signals (which is a sounding signal sent from the base station). This sounding signal may be dynamically boosted by the eNBs. The ANDSF server is not going to be aware of whether boosting is done and if so how much for each eNBs. Also for this reason default/static thresholds for RSRP/RSRQ will result in unexpected behaviour.
The eNB on the other hand, will be aware of the radio conditions in its cells and hence what is considered high and low RSRP/RSRQ in its cells. Hence we propose that only RAN provided thresholds for 3GPP radio metrics should be applied and ANDSF should not include static 3GPP radio thresholds.
Proposal 1: Only RAN signalled thresholds for 3GPP radio metrics should be applied.

It is clear from the above discussion that this topic is radio related and that RAN expertise is important in understanding whether or not static thresholds in ANDSF make sense. Therefore it is important to consult the relevant RAN groups if SA2 would like to further discuss static thresholds for 3GPP accesses.
It is also worth noting that the SA2 WID states that “This work item shall only address functionality explicitly required to support the parent feature”. In case the RAN feature is not supported then the solution will work as today, i.e. an ANDSF solution without using RAN thresholds. Static RAN-related thresholds in ANDSF are not required for the RAN feature and are not included in the scope.

What happens if RAN does not provide thresholds?

One open issue is how the UE evaluates an ANDSF rule when the associated RAN assistance parameters are not available in the UE and no static/default RAN thresholds are provided in the ANDSF rule. This may e.g. happen in case the UE camps on a legacy cell not supporting RAN Assistance Parameters. It can also happen if the UE is detached from 3GPP access and is only connected to WLAN. 
The behaviour can depend on whether the RAN Conditions are part of the ValidityConditions or the PrioritizedAccess/RoutingRule

RAN Conditions as part of the Validity Conditions

For example, assume that the UE has an active ISMP rule that indicates “EPC access preferred over WLAN” and has the following validity conditions:

Example 1: RAN conditions in Validity Conditions:

Validity Conditions= 

· Time of day = 10am – 3pm

· RAN validity conditions

· LTE RSRP threshRsrpLow fulfilled; or

· UMTS CPICH threshEcNoLow fulfilled 
There are in principle two ways how such an ANDSF policy could be treated:

1. The ANDSF rule is treated as invalid if the policy for the RAN threshold cannot be evaluated, i.e. if the cell did not provide RAN assistance parameters

2. The policy for the RAN threshold is ignored by the UE if it cannot be evaluated. 

Alternative 1 makes the assumption that the RAN conditions are “critical” in the sense that they have to be fulfilled in order for the rule to be valid. 
In alternative 2 the validity conditions for the RAN parameters is advisory. This is similar to how the BSSload policy has been defined, where the HS2.0 specification states that the policy is advisory and that if the UE cannot find an AP that fulfills the MaximumBSSLoadValue leaf, or if BSSLoad is not available, it may ignore the leaf.

There may be different use cases where in one case the operator wants to make the ANDSF policies rather strict and with multiple rules covering all combinations of RSRP/RSRQ/… measurements and thresholds. For example, the ANDSF could provide rules both with RAN conditions and without RAN conditions to cater for radio cells supporting or not supporting RAN Assistance Parameters. 

In another case an operator may want to create a more simplified set of rules that only use the RAN thresholds “if possible” but where the rule does not become invalid just because the RAN did not provide a threshold value. To solve both cases it is possible to introduce a new value in the comparison to cater for the case where no threshold is received. In that case the validity conditions could look like:

Example 2: RAN conditions in Validity Conditions:

Validity Conditions= 

· Time of day = 10am – 3pm

· RAN validity conditions

· LTE RSRP threshRsrpLow fulfilled or non_treshold_received; or

· UMTS CPICH threshEcNoLow fulfilled or non_treshold_received

To summarize, in example 1 above the rule would be invalid if the UE could not evaluate the RAN conditions, but in example 2 the rule would still be valid even if the RAN did not provide any thresholds. 

RAN Conditions as part of the PrioritizedAccess or RoutingRule

A different solution is possible if the RAN Conditions are included in the Prioritized Access or RoutingRule. For example, assume that the UE has an active ISRP rule with the following RAN Conditions in Prioritized Access or RoutingRule

Example 3: 

PrioritizedAccess  = 

1. WLAN,  SSID=A, if threshRsrpLow fulfilled or threshEcNoLowfulfilled
2. 3GPP, if threshRsrpHigh fulfilled; or threshEcNoHigh fulfilled
3. WLAN, SSID=A

4. 3GPP

In this case the access types in rows 1 and 2 would simply be treated as out of policy if the RAN Conditions cannot be evaluated and the UE would fall back to the “legacy” ANDSF policies without RAN conditions in rows 3 and 4. 
The above examples show different options for how situations can be handled when the RAN does not provide RAN Assistance Parameters. The detailed solution for this is however something that should be addressed by CT1 as part of the more detailed work on the ANDSF procedures. 
Proposal 2: The way that the UE evaluates an ANDSF rule when the associated RAN assistance parameters are not available in the UE and no RAN thresholds are provided in the ANDSF rule is a stage 3 aspect and does not need to be addressed by SA2.
Proposal

It is proposed that SA2 agrees the following:

Proposal 1: Only RAN signalled thresholds for 3GPP radio metrics should be applied.

Proposal 2: The way that the UE evaluates an ANDSF rule when the associated RAN assistance parameters are not available in the UE and no RAN thresholds are provided in the ANDSF rule is a stage 3 aspect and does not need to be addressed by SA2.
3GPP
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