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1. Introduction
As proceedings for its SI, the RAN#62 newly approved Rel-12 WI “WLAN 3GPP radio interworking” aims to specify enhanced mechanism, which enables NW to control UE access network selection/traffic routing between 3GPP and WLAN cell more efficiently. With either eANDSF or enhanced RAN policy/rule, UE can be more dynamical and flexible at traffic steering between WLAN and 3GPP RATs, e.g. more frequent WLAN offload/anti-offload occurs. As the WLAN offload/anti-offload procedure may occur in parallel to the intra-3GPP HO procedure, this may imply some potential optimization issues, which we shall elaborate on in this contribution.
2. Discussions
To simply the discussion, we shall only focus on the intra-LTE HO case, while the relevant issues and principles behind can also be applied for intra-UMTS and inter-RAT HO cases as well. 
Take following Figure 1 for the first scenario: 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 is rather bad, hence UE tries to perform offload based on the criteria 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 while, UE finishes HO towards the target LTE cell 2, so may update its offload criteria (new rule/parameters whatever) obtained from LTE cell 2. However, unluckily AP2 is not suitable offload target per LTE cell 2’s offload criteria, hence UE has to perform anti-offload again. From above process, we can observe some offload ping-pong (we may name it as intermediate AP offload), which may bring unnecessary offload relevant signalling and service interruption. The potential preventive methods are as follows:

Alt 1: Once UE realizes itself to be ready for HO, e.g. detecting certain event, UE shall stop any WLAN scanning procedure autonomously and upon HO procedure is finished, UE shall restart WLAN scanning procedure autonomously again, and hence unnecessary intermediate offload towards AP2 can be prevented during HO process. This method is representative for UE based solution, and can have multiple variants.
Alt 2: Once UE realizes itself to be ready for HO, it requires that the target LTE cell can convey its offload criteria to the source LTE cell, and source LTE cell shall further filter out the unsuitable AP2 seen from its target perspective, hence UE shall not perform intermediate offload towards AP2 before HO. This method is representative for NW based solution, and can also have multiple variants.
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Figure 1: Offload -> HO -> Anti-offload
Proposal 1: To study the intermediate AP offload issue in above scenario, and try to prevent unnecessary offload ping-pong.
Take following Figure 2 for the second scenario: 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 is rather bad, hence UE tries to perform anti-offload from AP1. Based on the criteria 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 procedure is finished. Then after a while, UE finishes HO towards the target LTE cell 2, so may update its offload criteria (new rule/parameters whatever) obtained from LTE cell 2. Now AP2 becomes suitable offload target per LTE cell 2’s offload criteria, hence UE can start performing offload at a relative later timing point. From above process, we can observe some offload interruption or transmission latency (we may name it as deferred AP offload), which may degrade user’s experiences such as throughput rate or challenge NW’s admission control due to larger 3GPP traffic load from anti-offload. The potential preventive methods are as follows:

Alt 1: Once UE realizes itself to be ready for HO, e.g. detecting certain event, UE shall continue its WLAN scanning procedure in larger WLAN RF range and beyond the restriction from source perspective, e.g. UE can detect AP2 earlier in advance, and upon UE updates its offload criteria (new rule/parameters whatever) obtained from LTE cell 2, UE shall perform offload ASAP with AP2, hence the offload status from AP1 towards AP2 can be accelerated or even seamless during HO. This method is representative for UE based solution, and can have multiple variants.

Alt 2: Once UE realizes itself to be ready for HO, it requires that the target LTE cell can convey its offload criteria to the source LTE cell, and UE shall quickly perform offload with suitable AP2 seen from its target perspective, hence UE shall perform offload towards AP2 even before HO. This method is representative for NW based solution, and can also have multiple variants.
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Figure 2: Anti-offload -> HO -> Offload
Proposal 2: To study the deferred AP offload issue in above scenario, and try to prevent unnecessary offload interruption and transmission latency.
Take following Figure 3 for the third scenario: UE (in offload status with AP1) gets ready to perform normal HO procedure at LTE cell border, where it is always under AP1’s coverage across the cell border. In case AP1 is not suitable from target LTE cell 2 perspective, then UE shall perform anti-offload after HO procedure for sure;

In case AP1 is still suitable from target LTE cell 2 perspective, it is supposed that UE’s WLAN offload status is not interrupted by its HO procedure in parallel, namely no anti-offload with Cell 1 -> offload with Cell 2 again (we may name it as intermediate AP anti-offload), so that it shall maintain user’s experiences such as throughput rate and not challenge NW’s admission control during HO.
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Figure 3: Stay in the same WLAN AP during HO
Proposal 3: To confirm that UE’s WLAN offload status is not interrupted by its HO procedure in parallel, if single WLAN AP is involved during HO.
Take following Figure 4 for the fourth scenario: UE (in offload status with AP1) gets ready to perform normal HO procedure at LTE cell border, where it is about to leave AP1’s coverage soon. As the source AP1’s RF condition is rather bad, hence UE tries to perform anti-offload from AP1, meanwhile as the source LTE cell 1’s RF condition becomes worse as well, UE tries to perform HO from Cell 1 towards Cell 2. We can observe two different mobility processes, up to the exact timing between the anti-offload and HO procedures.
Process 1: UE shall finish anti-offload towards Cell 1 before HO at first place, then UE finishes HO towards Cell 2 with aggregated total load from anti-offload.

Process 2: UE shall finish HO towards Cell 2 with original 3GPP load before anti-offload at first place, then UE finishes anti-offload towards Cell 2 with original WLAN load.

There is no much difference for the final UE status, but it is supposed that UE’s WLAN anti-offload had better occur after HO, so that UE can perform anti-offload directly towards the target cell (we may name it as deferred AP anti-offload). The associated benefits are: some intermediate signalling and processing efforts for the intermediate AP anti-offload procedure with source Cell 1 can be avoided; it shall also less challenge NW’s admission control due to smaller 3GPP traffic load alone during HO. The potential methods to achieve process 2 are as follows:

Alt 1: Once UE in offload status realizes itself to be ready for HO, e.g. detecting certain event but cannot find any other suitable target WLAN, UE shall hold on its anti-offload procedure as much as possible, and after UE finishes its HO towards certain LTE target cell, UE shall start anti-offload procedure directly with the LTE target cell. This method is representative for UE based solution, and can have multiple variants.

Alt 2: Once UE in offload status realizes itself to be ready for HO, e.g. detecting certain event but cannot find any other suitable target WLAN, NW shall accelerate its HO procedure as much as possible, and after UE finishes its HO towards certain LTE target cell, UE shall start anti-offload procedure directly with the LTE target cell. This method is representative for NW based solution, and can have multiple variants.
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Figure 4: Direct Anti-offload towards the Target Cell 

Proposal 4: To study the deferred AP anti-offload issue in above scenario, and try to prevent unnecessary intermediate signalling and processing efforts.
As summary, we illustrated four typical scenarios where WLAN offload/anti-offload may happen concurrently with HO procedure. If only legacy handling is followed, then there can be several performance deficiencies to occur. In order to overcome these deficiencies, we are proposing optimized handling in standardized means.
3. Conclusions
In this contribution, we analyzed some typical scenarios where optimized handling for concurrent WLAN offload/anti-offload and HO may be needed, and RAN2 is kindly asked to discuss following proposals:
Proposal 1: To study the intermediate AP offload issue in above scenario, and try to prevent unnecessary offload ping-pong. 
Proposal 2: To study the deferred AP offload issue in above scenario, and try to prevent unnecessary offload interruption and transmission latency. 
Proposal 3: To confirm that UE’s WLAN offload status is not interrupted by its HO procedure in parallel, if single WLAN AP is involved during HO. 
Proposal 4: To study the deferred AP anti-offload issue in above scenario, and try to prevent unnecessary intermediate signalling and processing efforts.
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