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1. Introduction
With tighter integration between WLAN and 3GPP systems in Rel-12, NW/UE would actually be able to maintain two separate radio connections more frequently: one within 3GPP cells which follows the 3GPP specified mobility procedures alone and the other within WLAN cell which follows the IEEE specified mobility procedures as well as 3GPP specified radio interworking procedures. As already stated in [2], above mobility processes can be tangled together up to various 3GPP/WLAN cell deployment scenarios. Currently, it is purely UE internal implementation that solves above “WLAN/3GPP mobility tangling issues”, so that different UE mobility behaviours and performance inefficiency can be observed from time to time. In this contribution, we shall continue shedding some thoughts on the improvement in those regards.
2. Discussions
For simplicity, we shall still 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, we can observe some offload ping-pong (we may name it as intermediate AP offload), 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:

Alt 1: Once UE realizes itself to be ready for HO process, e.g. detecting event A3, 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 process, it requires the target LTE cell (inter-site) to convey its offload criteria/rule to the source LTE cell, so that the source LTE cell can further filter out the unsuitable AP2 seen from its target perspective, hence UE shall not perform intermediate offload towards AP2 during HO process. This method is representative for NW based solution, and can also have multiple variants.
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Figure 1: Offload process -> HO process -> Anti-offload/Re-offload process
For Alt1, the WLAN offload possibility during HO process is cut off completely due to stopping WLAN scanning, so it may result in some offloading performance loss. For Alt2, the issue of intermediate AP offload can be solved softly without impacting offloading performance much, so we have preference towards NW based solution, and some schematic procedure is highlighted in Figure 1-bis below:
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Figure 1-bis: NW based solution for intermediate AP offload
It is worth noting that Step 2/3 had better be executed as quickly as possible before HO procedure is triggered, so that UE offload towards AP2 can be prevented completely. In case of HO failure, UE shall stick to previous offload criteria/rules obtained from source cell 1 but may store the “WLAN Offload Criteria/Rules Coordination” info for some period. In case of successful HO, UE shall update its offload criteria/rules from target cell 2 after HO process is finished.
Proposal 1: To discuss and specify NW based solution for 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:

Alt 1: Once UE realizes itself to be ready for HO process, e.g. detecting event A3, UE shall continue its WLAN scanning in larger WLAN RF ranges and beyond the restriction from source cell’s criteria/rules perspective, e.g. UE can detect and prepare to access AP2 earlier in advance, and upon UE updates its offload criteria/rules obtained from target LTE cell 2, UE shall perform offload with AP2 ASAP, hence the offload status from AP1 towards AP2 can be maintained 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 process, it requires the target LTE cell to convey its offload criteria/rules to the source LTE cell, so 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. This method is representative for NW based solution, and can also have multiple variants.
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Figure 2: Anti-offload process -> HO process -> Re-offload process
For Alt1, the temporary UE freedom beyond the source cell’s criteria/rules during HO process seems over-killing and insecure, and it may also lead to some other adverse side effects, e.g. access to some wrong AP. For Alt2, the issue of deferred AP offload can be solved safely under NW’s control, so we have preference towards NW based solution, and some schematic procedure is highlighted in Figure 2-bis below:
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Figure 2-bis: NW based solution for deferred AP offload
It is worth noting that Step 2/3 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). In case of HO failure, UE shall stick to previous offload criteria/rules obtained from source cell 1 but may also store the “WLAN Offload Criteria/Rules Coordination” info for some period. In case of successful HO, UE shall update its offload criteria/rules from target cell 2 after HO process is finished.
Proposal 2: To discuss and specify NW based solution for deferred AP offload issue.
As illustrated in Figure 3(scenario III):  UE (in offload status with AP1) gets ready to perform normal HO procedure at LTE cell border, where UE 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/high prioritized from target LTE cell 2 perspective, it is supposed that UE’s WLAN offload status is not interrupted by its HO process 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 can maintain user’s experiences such as throughput rate and not challenge target cell’s admission control during HO process.
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Figure 3: Stay in the same WLAN AP coverage during HO process
Proposal 3: To confirm that UE’s WLAN offload status is not interrupted by its HO process in parallel, if the same WLAN AP with sufficiently good radio condition is involved during HO process.
As illustrated in Figure 4(scenario IV): 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 becomes 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 differences between the anti-offload and HO processes.
Process Alt 1: UE shall finish anti-offload process in Cell 1 before HO process is finished, then UE finishes HO towards Cell 2 with aggregated total traffic load after anti-offload.

Process Alt 2: UE shall finish HO process towards Cell 2 with original 3GPP traffic load before anti-offload is finished, then UE finishes anti-offload in Cell 2 with original WLAN traffic load.

There is no much difference for the final UE status, but it is assumed that if UE’s WLAN anti-offload occurs after HO is finished, UE can perform anti-offload directly in the target LTE cell (we may name it as deferred AP anti-offload). The associated benefits are: some intermediate signalling and eNB processing effort for the intermediate anti-offload with source Cell 1 can be avoided; it shall also less challenge target cell’s admission control due to smaller 3GPP traffic load during HO process. The potential methods to achieve Process Alt 2 are as follows:

Alt 1: Once UE in offload status realizes itself to be ready for HO process, e.g. detecting event A3 but cannot find any other suitable target WLAN AP, UE shall hold on its WLAN anti-offload process autonomously as long as possible, and after UE finishes its HO process towards certain LTE target cell, UE shall start anti-offload process directly in 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 process, e.g. detecting event A3 but cannot find any other suitable target WLAN AP, NW shall indicate UE whether to hold on its WLAN anti-offload process, then after UE finishes its HO process towards certain LTE target cell, UE shall start anti-offload process directly in 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 in the Target Cell 

For Alt1, the WLAN anti-offload possibility during HO process is cut off completely and UE may suffer from bad offloading performance with AP1 for HO process duration of period, and UE cannot achieve Process Alt 1 per potential NW needs. For Alt2, the intention of deferred AP anti-offload can be achieved per NW’s need without eliminating the possibility of Process Alt 1, so we have preference towards NW based solution, and some schematic procedure is highlighted in Figure 4-bis below:
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Figure 4-bis: NW based solution for deferred AP anti-offload
Proposal 4: To discuss and specify NW based solution for deferred AP anti-offload.
3. Conclusions
In this contribution, we illustrated four 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 RAN2 is kindly asked to discuss following proposals:
Proposal 1: To discuss and specify NW based solution for intermediate AP offload issue.
Proposal 2: To discuss and specify NW based solution for deferred AP offload issue.
Proposal 3: To confirm that UE’s WLAN offload status is not interrupted by its HO process in parallel, if the same WLAN AP with sufficiently good radio condition is involved during HO process.

Proposal 4: To discuss and specify NW based solution for deferred AP anti-offload.
4. References
[1]  TS 36. 300
[2]  R2-141329
Optimization for Concurrent WLAN Offload/Anti-offload and 3GPP HO Procedure;  ZTE; Disc;







































3GPP


_1460801070.vsd
LTE Cell 1


LTE Cell 2


WLAN 
AP2


WLAN 
AP1



_1460961745.vsd
UE


Source
Cell 1


Target 
Cell 2


AP 2


MME


2. WLAN Offload Criteria/Rules Coordination Per UE level, e.g. Cell 2 informs
Cell 1 that AP 2 is not suitable offload target for such UE. 


3. AP 2 is filtered out for UE WLAN selection


6. Normal HO procedure without offloading towards AP 2 in-between.


4. Handover Required


1. Measurement Report, EA3


5. Handover Request



_1460962818.vsd
UE


Source
Cell 1


Target 
Cell 2


AP 2


MME


2. WLAN Offload Criteria/Rules Coordination Per UE level, e.g. Cell 2 
Informs Cell 1 that AP 2 is suitable offload target for such UE.   


3. UE is allowed to perform seamless WLAN re-selection from AP 1 to AP 2 ahead.


6. Normal HO procedure without deferred offloading with AP 2.


4. Handover Required


1. Measurement Report, EA3


5. Handover Request


AP 1



_1460963409.vsd
UE


Source
Cell 1


Target 
Cell 2


AP 1


MME


2. WLAN Offload Criteria/Rules Coordination Per UE level, e.g. Cell 2 informs
Cell 1 about the strategy of anti-offload for such UE.  


3. To indicate whether offload status with AP 1 should be held on until HO process is finished


6. Normal HO procedure without anti-offloading from AP 1.


4. Handover Required


1. Measurement Report, EA3


5. Handover Request



_1460801181.vsd
LTE Cell 1


LTE Cell 2


WLAN 
AP1



_1460801129.vsd
LTE Cell 1


LTE Cell 2


WLAN 
AP1



_1460801011.vsd
LTE Cell 1


LTE Cell 2


WLAN 
AP2



