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1. Introduction
With the interworking mechanism between WLAN and 3GPP RATs (e.g. eANDSF or enhanced RAN policy/rule), UE can be more dynamical and flexible to steer traffic between WLAN and 3GPP RATs, and more frequent WLAN offload/anti-offload might occur. As the WLAN offload/anti-offload procedure may occur in parallel to the intra-3GPP HO procedure especially for the APs deployed at the 3GPP cells’ boundary considering the similar triggering conditions (e.g. bad source, good target) for HO and traffic steering, this may imply some potential issues, which we elaborate on in this contribution. And some optimization is proposed in this paper to overcome the issues.
2. Discussions
For simplicity, we shall focus on the intra-LTE HO case, while the relevant issues and principles can also be applied for intra-UMTS and inter-RAT HO cases as well.

As illustrated in Figure 1(scenario I): UE (not in offload status) gets ready to perform normal HO procedure at LTE cell border, where it has already entered WLAN coverage e.g. AP2. As the source LTE cell 1’s RF condition becomes rather bad, hence UE tries to perform offload based on the criteria/rules obtained from source LTE cell 1 ahead. If AP2 is a suitable offload target, then it is possible for UE to perform offload with AP2 before HO procedure is finished. Then after a short while, UE finishes HO towards the target LTE cell 2, so should update its offload criteria/rules obtained from target LTE cell 2. However, unluckily AP2 is not suitable or highest prioritised offload target per LTE cell 2’s offload criteria/rule, hence UE has to perform anti-offload/re-offload again. From above process, some offload ping-pong (we may name it as intermediate AP offload) can be observed, which shall bring unnecessary offload relevant signalling and service interruption (WLAN data transfer suspended during anti-offload/re-offload). The potential preventive methods are as follows:
Once UE is realized to be ready for HO process, the source LTE cell and the target LTE cell may coordinate their offload criteria/rules in order that the unsuitable AP can be filtered out from the AP lists or the offloading thresholds can be adjusted, hence UE shall not perform intermediate offload towards AP2 during HO process. 
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Figure 1: Offload process -> HO process -> Anti-offload/Re-offload process
Some schematic procedure is highlighted in Figure 1-bis below:
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Figure 1-bis: NW based solution for intermediate AP offload
Step 2/3 can be executed before HO procedure is triggered or can also be executed during HO process, so that UE offload towards AP2 can be prevented completely. 
Observation 1: WLAN offload Parameters Coordination between source and target LTE cell can solve intermediate AP offload issue.
As illustrated in Figure 2(scenario II): UE (in offload status with AP1) gets ready to perform normal HO procedure at LTE cell border, where it has entered WLAN coverage e.g. AP2. As the source AP1’s RF condition becomes rather bad, UE should perform anti-offload/re-offload from AP1. Based on the criteria/rules obtained from source LTE cell 1, AP2 is not suitable offload target, so it is impossible for UE to perform offload with AP2 before HO process is finished. Then after a short while, UE finishes HO towards the target LTE cell 2, so should update its offload criteria/rules obtained from target LTE cell 2. Now AP2 becomes suitable/highest prioritized offload target per LTE cell 2’s offload criteria/rules, then UE shall perform offload with AP2 at a relative later timing point. From above process, we can observe some offload status interruption or transmission latency (we may name it as deferred AP offload), which may degrade user’s experiences such as throughput rate or challenge target cell’s admission control due to larger 3GPP traffic load after anti-offload. The potential preventive methods are as follows:
Once UE is realized to be ready for HO process, the source LTE cell and the target LTE cell may coordinate their offload criteria/rules in order that UE can be allowed to perform offload with suitable AP2 seen from its target perspective, hence UE can perform offload towards AP2 even before HO process is finished.
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Figure 2: Anti-offload process -> HO process -> Re-offload process
Some schematic procedure is highlighted in Figure 2-bis below:
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Figure 2-bis: NW based solution for deferred AP offload
Step 2/3 can be executed before HO procedure is triggered or can also be executed during HO process (relevant Messages/IEs associated with existing HO procedure messages), so that UE offload towards AP2 can be executed ASAP (less offload interruption). 
Observation 2: WLAN offload Parameters Coordination between source and target LTE cell can solve deferred AP offload issue.
In RAN2#86, it has been agreed that source eNB can deliver its WLANOffloadConfig [3]  to target eNB through HandoverPreparationInformation message, and potentially target eNB can decide its WLANOffloadConfig by coordinating the WLAN offload configuration with what it receives from source eNB and deliver it back to source eNB by HandoverCommand message. But it is noted that the WLANOffloadConfig record defined by RAN2 which can be exchanged between source eNB and target eNB mainly includes thresholds information (e.g. thresholdRSRP, thresholdRSRQ, thresholdChannelUtilization, thresholdBackhaul-Bandwidth, thresholdBeaconRSSI) to be used by UE to steer traffic between LTE and WLAN, it should be more helpful if more information (e.g. AP lists)  can be delivered between source eNB and target eNB in order to solve the issues listed in this paper, e.g. target eNB’s AP lists information might be delivered to source eNB together with target eNB’s WLANOffloadConfig in order that source eNB can optimize its AP list to UE. It is also deserved for further study whether any other information (e.g. parameters delivered between LTE and WLAN AP, such as, UE average data rate, BSS load, etc) can be delivered between source eNB and target eNB in order to get better offloading performance.
Proposal: To support further WLAN offload Parameters Coordination between source 3GPP RAT and target 3GPP RAT in addition to WLANOffloadConfig defined by RAN2.
3. Conclusions
In this contribution, we illustrated two typical scenarios where WLAN offload/anti-offload process may happen concurrently with HO process. If only legacy NW/UE behaviours are to be followed, there can be manifold mobility ping-ping and performance deficiencies to occur. In order to overcome those deficiencies, we are proposing optimized handling in standardized means, and RAN3 is kindly asked to discuss following proposals:
Proposal: To support further WLAN offload Parameters Coordination between source 3GPP RAT and target 3GPP RAT in addition to WLANOffloadConfig defined by RAN2.
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5.1
Use cases for 3GPP-WLAN Interworking
5.1.1
Estimation of UE throughput in WLAN
The UE may face throughput degradation after accessing the WLAN AP. Currently, there is no information in RAN to help estimate such degradation (if present). It is beneficial to investigate which information (if any) is helpful to be exchanged between 3GPP and WLAN in such a scenario.
5.1.x
WLAN offload Parameters Coordination between 3GPP Cells
The UE may face offload ping-pong between 3GPP RAT and WLAN and user experience degradation (e.g. offload status interruption or transmission latency) when the WLAN offload/anti-offload procedure occurs in parallel to the intra-3GPP HO procedure. Currently, there is only WLAN Offload Configuration information (e.g. offloading thresholds) to exchange between 3GPP Cells to coordinate their WLAN offload Criteria/Rules. It is beneficial to investigate whether more information (e.g. AP lists or any other information) is necessary to be exchanged between 3GPP Cells in addition to WLANOffloadConfig defined by RAN2.
Annex: WLANOffloadConfig defined by 36.331

–
WLAN-OffloadConfig
The IE WLAN-OffloadConfig includes information for traffic steering between E-UTRAN and WLAN.

WLAN-OffloadConfig information element

-- ASN1START

WLAN-OffloadConfig-r12 ::= 



SEQUENCE {


thresholdRSRP-r12





SEQUENCE {


thresholdRSRP-Low-r12




RSRP-Range,



thresholdRSRP-High-r12




RSRP-Range


}
















OPTIONAL, -- Need OR

thresholdRSRQ-r12





SEQUENCE {


thresholdRSRQ-Low-r12




RSRQ-Range,



thresholdRSRQ-High-r12




RSRQ-Range


}
















OPTIONAL, -- Need OR

thresholdChannelUtilization-r12


SEQUENCE {


thresholdChannelUtilizationLow-r12

INTEGER (0..255),



thresholdChannelUtilizationHigh-r12

INTEGER (0..255)


}
















OPTIONAL, -- Need OR

thresholdBackhaul-Bandwidth-r12


SEQUENCE {


thresholdBackhaulDL-BandwidthLow-r12
WLAN-backhaulRate,



thresholdBackhaulDL-BandwidthHigh-r12
WLAN-backhaulRate,



thresholdBackhaulUL-BandwidthLow-r12
WLAN-backhaulRate,


 
thresholdBackhaulUL-BandwidthHigh-r12
WLAN-backhaulRate


}
















OPTIONAL, -- Need OR

thresholdBeaconRSSI-r12





SEQUENCE {


thresholdBeaconRSSI-Low-r12




INTEGER (0..255),



thresholdBeaconRSSI-High-r12




INTEGER (0..255)


}
















OPTIONAL, -- Need OR

















OPTIONAL, -- Need OR

offloadPreferenceIndicator-r12


BIT STRING (SIZE (16))

OPTIONAL, -- Need OR


t-SteeringWLAN-r12





T-Reselection, 


...

}
WLAN-backhaulRate ::= ENUMERATED {r0, r2, r4, r8, r16, r32, r64, r128, r256, r512, r1024, r2048, r4096, r8192, r16384, r32768, r65536, r131072, r262144, r524288, r1048576, r2097152, r4194304, r8388608, r16777216, r33554432, r67108864, r134217728, r268435456, r536870912, r1073741824, r2147483648, r4294967296
}

-- ASN1STOP
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