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Discussion
1 Introduction

In the last RAN3#83bis meeting the point was raised that in multi-RAT environments including WLAN in certain situations mobility inconsistencies might lead to suboptimal HO sequences when offloading or onloading data [1]. This paper seeks to further clarify the use case.
2 
Multi-RAT mobility management
2.1 Use cases discussed in [1]
Section 2.2 of R3-140655 [1] described a use case in which, due to LTE overload, a UE initially connected to LTE is first offloaded to WLAN and later on, due to a WLAN weak signal, the same UE reselects 3G as access network. According to [1] a uniform (UE steering) solution would provide better performance (i.e., less signaling and better user experience):
“With a uniform solution, the dynamic load information of any RATs, the operator strategies, the UE status, etc. could be taken into consideration to make an optimized decision and avoid conflicts […]”
According to section 2.3 of the same document [1], in case of WLAN overlapping with at least two 3GPP RATs there might be HO sequences with intermediate unnecessary steps.
The above described use case is one of signalling optimization, and is addressing basically the same issue being pointed out in the third use case of R3-140547 (see section 2.3 of [3]), which exposes suboptimal traffic steering or load balancing in a multi-RAT environment involving Wi-Fi:
“Nowadays, the interworking function with 3GPP/WLAN is mainly designed between two radio access technologies, e.g. interworking between LTE and WLAN, interworking between UMTS and WLAN. However, UMTS, LTE and WiFi are usually available at the same time in the hotspots in typical networks. Coordination between just two RATs may cause a suboptimal decision on traffic steering e.g. a UE may be handed over from a UMTS cell to a LTE cell with same coverage due to load balancing reason, and then the UE is steered to WLAN by the LTE cell in a short time. Hence, the use case that is coordinating among UMTS, LTE and WLAN simultaneously should be studied as well in this work item.”
Suboptimal inter-RAT traffic steering leading, for instance, to ping-pong issues is well known and results from wrong parameter setting. Therefore, the use case is valid, even though it is not new in light of multi-RAT interworking of 2G, 3G and 4G RATs. The problem can be solved by using consistent quality measures and consistent mobility management as well as offloading parameterization in the cells and can, for instance, be achieved by Mobility Robustness Optimization (MRO) methods. 
2.2 Multi-RAT mobility management for 3GPP RATs
Improper parameter settings of the 3GPP mobility management (MM) which are triggering cell changes for traffic steering within and across RATs might lead to situations that can be addressed in the following ways. 
Situation 1: single RAT ping-pong

As it is well known, for handovers in a single-RAT environment, a threshold hysteresis is applied to avoid ping-pong effects because of measurement fluctuations (assuming that handovers are based on those). 
Situation 2: dual or multi RAT ping-pong

Multi-RAT handovers are either radio or traffic steering triggered. The traffic steering triggered inter-RAT handover of a UE is normally checking the link quality of the target cell of the other RAT against a specified threshold. In case the inter-RAT handover trigger threshold of the other RAT (which might have been planned independent) is below the trigger threshold of the first RAT, i.e. not providing a corresponding hysteresis, an inter-RAT ping-pong is the consequence. Recently mechanisms have been standardized which facilitate automated mobility robustness optimization means to avoid mobility problems like circular handovers (see TS 36.300 [2]). If the problem is caused by inconsistent parameter settings among different RATs, the currently existing distributed means are able to cope with it. 
Following the tools already specified, a typical mobility management (MM) constellation for two cells with different RATs can then be depicted in a generalized form as shown in Figure 1.
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Figure 1: present-day mobility management situation, where HO decisions are evaluated on a cell-basis 
Each RAT is able to administer independently the measurement thresholds for the own and the other RAT. However, means like MRO are available to harmonize the setting across cells and RATs. The mobility management can be seen as base for traffic steering, since it finally triggers the cell change of a UE even though not radio measurements alone are responsible for the cell change. 
Situation 3: multi-RAT handover with short intermediate stay
In this scenario, the UE is handed over from a cell A to cell B to cell C, which happens when the HO triggering parameters evaluated in cell A are not harmonized with those of cell C.

As mentioned above, this situation already exists today for 3GPP RATs.

2.3 Multi-RAT mobility management with Wi-Fi

Even though a mobility management comparable to intra-3GPP with UE specific handover is not given between 3GPP RATs and Wi-Fi, an offloading (or maybe a complete cell change) is triggered by radio measurements as well as load estimates. The difference lies in the degree of control that the 3GPP network has over the UE and the degree of information that can be acquired. While the network can set thresholds to steer the UEs’ offloading and changing to Wi-Fi cells, the network does not know which and how many UEs fulfill the rules.
In spite of the differences in control and availability of information, assuming that the required radio and load information has been acquired by RAN, and assuming that the deficiencies of multi-RAT coordination addressed in 2.1 result from parameter setting inconsistencies, the same principles as laid out in section 2.2 are applicable. 
It is therefore recommended to study whether solutions as applied to the situation 2 and 3 based on the current 3GPP architecture are also applicable to 3GPP-WiFi offloading.
Proposal: Study whether solutions as applied to the situation 2 and 3 based on the current 3gpp architecture are also applicable to 3GPP-WiFi offloading.
3 Conclusion

In this contribution we clarified that the current standard provides a number of tools to simultaneously evaluate several RATs.
Proposal 1: Study whether solutions as applied to the situation 2 and 3 based on the current 3GPP architecture are also applicable to 3GPP-WiFi offloading.

We further make following proposal:

Proposal 2: include sections 2.2 and 2.3 into the TR.
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5 Text Proposal

5.1 Multi-RAT mobility management for 3GPP RATs
Improper parameter settings of the 3GPP mobility management (MM) which are triggering cell changes for traffic steering within and across RATs are leading to following well-known situations. 
Situation 1: single RAT ping-pong

As is well known, for handovers in a single-RAT environment, a threshold hysteresis is applied to avoid ping-pong effects because of measurement fluctuations (assuming that handovers are based on those). 
Situation 2: dual or multi RAT ping-pong

Multi-RAT handovers are either radio or traffic steering triggered. The traffic steering triggered inter-RAT handover of a UE is normally checking the link quality of the target cell of the other RAT against a specified threshold. In case the inter-RAT handover trigger threshold of the other RAT (which might have been planned independent) is below the trigger threshold of the first RAT, i.e. not providing a corresponding hysteresis, an inter-RAT ping-pong is the consequence. Recently mechanisms have been standardized which facilitate automated mobility robustness optimization means to avoid mobility problems like circular handovers (see TS 36.300 [2]). If the problem is caused by inconsistent parameter settings among different RATs, the currently existing distributed means are able to cope with it. 

Following the tools already specified, a typical mobility management (MM) constellation for two cells with different RATs can then be depicted in a generalized form as shown in Figure 1.
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Figure 1: present-day mobility management situation, where HO decisions are evaluated on a cell-basis 

Each RAT is able to administer independently the measurement thresholds for the own and the other RAT. However, means like MRO are available to harmonize the setting across cells and RATs. The mobility management can be seen as base for traffic steering, since it finally triggers the cell change of a UE even though not radio measurements alone are responsible for the cell change. 
Situation 3: multi-RAT handover with short intermediate stay
In this scenario, the UE is handed over from a cell A to cell B to cell C, which happens when the HO triggering parameters evaluated in cell A are not harmonized with those of cell C.

As mentioned above, this situation already exists today for 3GPP RATs.

5.2 Multi-RAT mobility management with Wi-Fi

Even though a mobility management comparable to intra-3GPP with UE specific handover is not given between 3GPP RATs and Wi-Fi, an offloading (or maybe a complete cell change) is triggered by radio measurements as well as load estimates. The difference lies in the degree of control that the 3GPP network has over the UE and the degree of information that can be acquired. While the network can set thresholds to steer the UEs’ offloading and changing to Wi-Fi cells, the network does not know which and how many UEs fulfill the rules.
In spite of the differences in control and availability of information, assuming that the required radio and load information has been acquired by RAN, and assuming that the deficiencies of multi-RAT coordination result from parameter setting inconsistencies, the same principles as laid out in section 5.1 are applicable.
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