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Discussion and Decision
1 Introduction 
In RAN #62 meeting, a new WI on WLAN/3GPP radio interworking was approved [1]. This WI aims to support WLAN/3GPP Radio Interworking both with and without ANDSF to satisfy different operator deployments. In this contribution we identify a few requirements to create a framework for developing RAN rules. 
In the sequel, we will use the term offload to refer to the scenario where traffic is routed from 3GPP to WLAN, and the term onload when traffic is routed from WLAN to 3GPP.

2 Discussion
2.1 WLAN measurement considerations
The performance of RAN rules is likely to be contingent on how frequently RAN rules can be evaluated. RAN2 has agreed that both 3GPP RAN and WLAN parameters are used for RAN rule evaluation. We should note that, for RAN related assistance parameters, RAN specifications can fully specify RAN rule evaluation requirements, in terms of evaluation periodicity etc., similar to cell (re)selection RAN requirements. However, when RAN rule evaluation involves WLAN related assistance parameters, care must be taken to ensure that these requirements do not conflict with WLAN related standards, e.g. IEEE 802.11 and WFA specifications, and/or common WLAN implementations.
For example, WLAN backhaul data rates (WAN load) measurements are acquired by Generic Advertisement Service (GAS) via ANQP procedures, which involve ANQP request and response(s) exchanges. The ANQP request/response exchanges are sent as regular control frames which are subject to medium access delay by CSMA/CA protocol. In addition, ANQP request/response messages may fail due to maximum WLAN MAC retries. In other words, based on the observations above, it should be noted that the response time of WLAN measurements is non-deterministic and there is no guarantee a reading is always obtainable.

Note that, such problem also exists for WLAN channel utilization (BSS load) measurement. BSS load can be acquired by either 802.11 Beacon frames or Probe Response frames. For WLAN networks with hidden SSID, the only way to get BSS load measurement is to use Probe Req/Rsp to get BSS load before association. This situation is similar to WAN load as described above.

As a result, we propose two mechanisms to deal with the situation that WLAN measurement is not available:
1. If any of the WLAN related assistance parameters is not available after RAN rule evaluation starts for more than TsteeringWLAN time, the condition for that particular assistance parameter should be treated as not met.
2. If any of the WLAN related assistance parameters is not available after RAN rule evaluation starts for more than TsteeringWLAN time, and there is a reading available from previous attempt, such reading can be used for RAN rule evaluation if it’s not older than X (X is FFS) seconds.
Proposal 1: 
If any of the WLAN related assistance parameters is not available after RAN rule evaluation starts for more than TsteeringWLAN time, the condition for that particular assistance parameter should be treated as not met, or a previous measurement can be used if it’s not older than X (X is FFS) seconds.
2.2 Flexible configuration of RAN rules
RAN2 has agreed that, for the RAN mechanism, a single set of RAN rules with one set of RAN assistance parameters that determines access selection and traffic routing.. 

However, since the RAN rules are hardcoded in RAN2 specifications, we think it is too restrictive. We see that there are situations where setting different combinations of RAN assistance parameters can achieve the same performance. For example, the following two settings could result in the same expected performance:
Setting 1: 

ChannelUtilizationWLAN < 10%  and
BackhaulRateDlWLAN > 80%; and
 BackhaulRateUlWLAN > 80% 
Setting 2: 

ChannelUtilizationWLAN < 20%  and
BackhaulRateDlWLAN > 90%; and
 BackhaulRateUlWLAN > 90% 
By restricting to either one setting, could result in WLAN APs that fulfill the other setting being disqualified. Therefore, we see benefits if network operator have some flexibility in configuring these RAN rules. Specifically, we propose to allow the network to signal multiple sets of RAN assistance thresholds related to WLAN. 
Proposal 2: (E-)UTRAN should be allowed network to signal multiple sets of RAN assistance thresholds related to WLAN.
2.3 Reacting to 3GPP Loss of Coverage When Evaluating RAN Rules

The issue of what happens to RAN rules when a UE loses (cellular) coverage has not been discussed before (to the best of our knowledge). Consider the scenario when the UE has started RAN rules evaluation prior to losing coverage, whether UE should keep evaluating the same set of rules during 3GPP loss of coverage needs to be defined. Note that, in this section we only consider UE behaviour in evaluating RAN rules during 3GPP loss of coverage. In Section 3.2, we consider the UE behaviour when UE has completed RAN rules evaluation and proceeds to WLAN network selection procedures just prior to losing coverage, which is a different situation than the one considered in this section.
There are two use cases for loss of 3GPP coverage, i.e. “radio link failure (RLF)” in connected mode and “out of coverage” during cell reselection in idle mode. 

In RLF case, since the time period for the UE to lose 3GPP coverage is short (maximum value of T310 is 2 seconds), it makes sense for the UE to continue RAN rule evaluations based on rules received before RLF. After RLF, UE might re-establish the connection to the same cell, then RAN rule evaluation is not interrupted. If UE re-establishes to a different cell after RLF, where the RAN assistance information are different than in the cell before RLF, the UE can start evaluating the rules provided by that cell. 
Proposal 3a: The UE shall not discard the RAN assistance thresholds provided by the 3GPP network (if any) after RLF.

In out of coverage case, since the time period for the UE to lose 3GPP coverage could be potentially very long, care must be taken in defining UE behaviour. Note that, in RAN2-85bis, it was agreed that UE releases the dedicated thresholds upon handover and cell reselection. Therefore, we suggest that UE also releases the dedicated thresholds upon going out of coverage.
Proposal 3b: The UE releases the dedicated thresholds upon going out of coverage.

The next question is, upon going out of coverage, whether UE shall continue RAN rule evaluation received from broadcast received before losing 3GPP coverage. We consider two alternatives. In the first alternative, UE shall stop evaluating the RAN rules received before going out of coverage, as soon as UE has lost coverage of any 3GPP cell. In the second alternative, a UE can continue evaluating the RAN rules received before going out of coverage for some pre-defined period. We should note that, the time period in the second alternative should be relatively short since WLAN AP coverage is much smaller than typical 3GPP macro-cell footprint. 
After this pre-defined period expires, UE shall stop evaluating RAN rules and discard the stored rules. Once the UE comes back to 3GPP coverage, UE will receive the RAN rules again either from broadcast or dedicated signalling, then the UE can resume RAN rule evaluation.

RAN2 should agree to either Proposal 4c or 4d for specifying UE behavior for evaluating RAN rules during loss of coverage of any 3GPP cell during idle mode cell reselection.
Proposal 3c: UE shall discard the RAN assistance thresholds received before going out of coverage, as soon as UE has lost coverage of any 3GPP cell during idle mode cell reselection.

Proposal 3d: The UE shall keep the RAN assistance thresholds provided by the 3GPP network (if any) only for a pre-define time period after loss of cellular coverage during idle mode cell reselection. After the expiry of this period, the RAN assistance thresholds are discarded .
2.4 Interaction with 3GPP mobility procedures for offload
RAN2 has agreed to use cellular radio measurements (RSRP and RSRQ in LTE, and RSCP and Ec/No in UMTS) for purposes of traffic routing. However, when the UE is in LTE RRC connected state (or similar states in UMTS), these radio measurements also play a part in triggering event based measurement reports which can subsequently result in handover commands from the (e)NB. 
It is possible that the interactions of existing 3GPP mobility procedures and proposed RAN rules result in unintended and undesirable behaviour. For example, a UE suffering from bad radio conditions (low RSRP/RSRQ in LTE) may send a measurement report to its serving cell and subsequently be handed over to a cell where it enjoys reasonable (cellular) signal quality. For such a UE, it may not make sense to route traffic to WLAN during the handover period. For example, ping-ponging between 3GPP and WLAN may happen in the following scenario. 

a) UE offloaded to WLAN just before 3GPP handover.
b) Shortly after offload to WLAN is completed, UE is handed over to a 3GPP cell providing good signal quality and a RAN rules is triggered to onload traffic to 3GPP. 
In this case, it would be preferable for the UE to wait till the handover period is over before evaluating RAN rules to decide whether or not to offload some traffic. In order to achieve this, we propose two alternatives:
Alternative 1:

(e)NB can issue explicit commands to UE to pause/resume evaluation of RAN rules when (e)NB foresees executing a 3GPP handover in the near future.

Alternative 2:

We suggest the use of a prohibit timer like mechanism after an event-triggered measurement report is sent during which the UE is restricted from routing traffic to WLAN. The timer can also be scaled by UE mobility state similar to current handover behaviour. It may be desirable to make the value of the timer here to be dependent on the nature of event, e.g., to differentiate between inter-system and intra-system handovers.
Proposal 4a: A UE in RRC connected in LTE or CELL DCH/FACH in UMTS shall pause or resume evaluation of RAN rules for traffic routing based on explicit commands from (e)NB.
Proposal 4b: A UE in RRC connected in LTE or CELL DCH/FACH in UMTS shall wait for a configurable period of time after sending an event triggered measurement report before applying/evaluating RAN rules for traffic routing.
Proposal 5: RAN2 is requested to consider if the duration of restriction (for applying RAN rules) be a function of the triggering event for a UE in RRC connected (LTE) or CELL DCH/FACH (UMTS) state.
2.5 UE Mobility State Considerations
The performance (e.g. in terms of latency) of WLAN roaming can depend on a variety of factors, where one of them is UE mobility state. For example, whether the UE is roaming to an AP belonging to the same Extended Service Set (ESS) or an AP with a different VLAN identity (so-called layer 3 roaming). Roaming performance also depends on whether the UE (or STA in WLAN parlance) is employing passive or active scanning. Moreover some applications like VoWLAN are particularly sensitive to latency but others like best-effort traffic are no severely impacted by moderate delay. 

In order to maintain good QoS for the end user, it is desirable to prevent frequent AP (re)selection. For example, UEs that are moving rapidly across the coverage areas of neighbouring WLAN APs should be encouraged to keep their traffic in (macro) 3GPP coverage. Based on similar reasoning, it may sometimes desirable for RAN rules to encourage fast moving UEs to onload their traffic to 3GPP. In order to achieve such objective, we propose to adjust/scale the RAN rule parameters and/or RAN rule evaluation timer, i.e TsteeringWLAN. For example, TsteeringWLAN for onload can be shortened to encourage aggressive onload when UE speed is high. In addition, other RAN rule threshold can be offset to encourage aggressive onload when UE speed is high.

Proposal 6: RAN rules for traffic routing should take into account mobility state of the UE for purposes of onloading and offloading.
UE mobility state can be estimated either in 3GPP or WLAN or both. It may even be possible to reuse existing mobility state estimation in RRC connected mode (e.g., based on number of handovers during timer period t-Evaluation and t-HystNormal) as well as RRC idle mode (e.g., based on number of reselections) though a different parameterization may be needed. It is also possible to estimate mobility in WLAN (e.g., by counting number of unique BSSIDs associated with in certain time duration). However, we believe that it is preferable to use 3GPP based mobility estimation for a variety of reasons. First, RAN rules are implemented in the 3GPP AS protocol stack and it seems natural to use mobility estimates readily available at the AS layer. Second, current WLAN implementations do not normally have support for the kind of mobility estimation being discussed here.
Proposal 7: RAN rules for traffic routing should rely on 3GPP based mobility estimation methods.

3 Conclusions
For WLAN/3GPP Radio Interworking solutions to address deployments scenarios without ANDSF, we propose:
Proposal 1: If any of the WLAN related assistance parameters is not available after RAN rule evaluation starts for more than TsteeringWLAN time, the condition for that particular assistance parameter should be treated as not met, or previous measurement can be used if it’s not older than TBD seconds.
Proposal 2: (E-)UTRAN should be allowed network to signalling multiple sets of RAN assistance thresholds related to WLAN.
Proposal 3a: The UE will shall not discard the RAN assistance thresholds provided by the 3GPP network (if any) after RLF.

Proposal 3c: UE shall discard the RAN assistance thresholds received before going out of coverage, as soon as UE has lost coverage of any 3GPP cell during idle mode cell reselection.

Proposal 3d: The UE shall keep the RAN assistance thresholds provided by the 3GPP network (if any) only for a pre-define time period after loss of cellular coverage during idle mode cell reselection. After the expiry of this period, the RAN assistance thresholds are discarded .
Proposal 4a: A UE in RRC connected in LTE or CELL DCH/FACH in UMTS shall pause or resume evaluating RAN rules for traffic routing when receiving an explicit command from (e)NB.
Proposal 4b: A UE in RRC connected in LTE or CELL DCH/FACH in UMTS shall wait for a configurable period of time after sending an event triggered measurement report before applying/evaluating RAN rules for traffic routing.

Proposal 5: RAN2 is requested to consider if the duration of restriction (for applying RAN rules) be a function of the triggering event for a UE in RRC connected (LTE) or CELL DCH/FACH (UMTS) state.
Proposal 6: RAN rules for traffic routing should take into account mobility state of the UE for purposes of onloading and offloading.

Proposal 7: RAN rules for traffic routing should rely on 3GPP based mobility estimation methods.
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