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Discussion
1 Introduction

In the RAN3#83bis meeting the point was raised that in multi-RAT environments including Wi-Fi 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
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 Wi-Fi and later on, due to a Wi-Fi weak signal, right after coming back to LTE, the network sends the same UE to 3G. 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 Wi-Fi 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.”
It can be assumed the parameters are usually configured correctly, but it may also happen that in some specific cases default configurations are wrong and lead to mobility problems, like ping-pongs. Therefore the use case is valid even though it is not new in light of multi-RAT interworking of 2G, 3G and 4G RATs. In the past, appropriate ping-pong detection and correction mechanisms have been defined, or it was decided that 3GPP is not interested in some scenarios (in particular these involving 2G, as this RAT was considered mature enough). Below, we explain how the problem can be solved in most scenarios.
Multi-RAT mobility management for 3GPP RATs
Improper parameter settings for 3GPP mobility management (MM) mechanisms can trigger cell changes for traffic steering within and across RATs which might lead to the situations described below. 
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 due to measurement fluctuations (assuming that handovers are based on those). With an appropriate setting of these threshold values the ping-pong issue is properly addressed. Intra-RAT ping-pongs can be detected based on the UE History Information, defined in Rel.8. Correction can either be applied manually, when the problem is detected and an alarm activated, or automatically, by gradual correction of the mobility settings at the controller that first detected the issue. Both of the approaches have always been assumed appropriate.
Situation 2: dual or multi RAT ping-pong

Multi-RAT handovers are either radio or traffic steering triggered. 
In case of traffic steering triggered inter-RAT handovers, 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 standardized mechanisms facilitate automated detection of the inter-RAT ping-pongs also in scenarios where the UE returns to a different LTE cell than the one that initiated inter-RAT mobility (see TS 36.300 [2]). Detection is assumed to happen at LTE side (RNC may not be updated to support the SON functionality) and once the problem is detected, it can be corrected automatically, if the problem is located at LTE side. If the analysis concludes that the problem is at UMTS side (e.g. too aggressive Traffic Steering settings), it may be manually corrected based on the triggered alarm. This can be enhanced if ping-pongs counters with the problem cause are enabled, too.
Currently, situations where manual intervention is needed are mainly cases where the HO from LTE toward UMTS is due to radio reasons. In these cases, the eNB cannot eliminate the HO – but it cannot let the RNC know about the problem either. So, in case the RNC does not react on its own, which is likely, some inter-RAT information (e.g., an indication that a certain HO caused a ping-pong) may be needed to enable fully automatic correction of the inter-RAT ping-pong.
According to 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 its own and the other RAT’s measurement thresholds. However, means like MRO are available to harmonize the setting across cells and RATs. The mobility management can be seen as a baseline for traffic steering, since it finally triggers the cell change of a UE even when not only the 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 (RAT 1) to cell B (RAT 2) and, immediately after, to cell C (RAT 3).  Since one of the RATs involved must be 2G and it has been decided that 2G should not be considered in the UE History Information, it means this scenario does not require automated detection and correction mechanism. If the past decisions are to be changed, in the first place existing distributed mechanisms to detect inter-RAT ping-pongs and short stays must be reviewed and only if they are not extendable, any new solution may be discussed. However, even very recently, 2G was decided to be excluded from inter-RAT MRO (Rel.11).
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 by 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 from a Wi-Fi network. 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, independently of any RAN2 currently ongoing work [4].

In particular, the solution described in section 2.2.2 may be extended, with appropriate modifications, to Wi-Fi. The detection of the inter-RAT ping-pong may be based either on the network-side UE history information or on the enhancements to the UE-based idle history information. In the former case, the information needs to be stored in the first eNB and fetched once the UE returns to LTE, based on an indication from the UE that the call started in given eNB, in the latter, the information needs to be updated to record call continuity in Wi-Fi. With these limited changes, the existing distributed inter-RAT ping-pong detection mechanism could be successfully extended to support Wi-Fi, too.
We also think that a RAN-WLAN direct interface could be used to provide better control to the RAN during traffic offload scenarios. As an example, an enquiry from the WLAN to RAN, when the WLAN receives an authentication request from the UE, providing the APN information sent by the UE would help RAN decide whether the offload could be allowed or rejected. A successful authentication response would need to be withheld until the RAN indicates its decision.

3 Conclusion

In this contribution we clarified that the current standard provides a number of tools to simultaneously evaluate several RATs, and we observed that:
Observation 1: Some RATs have been excluded from ping-pong and short stay at early stages of LTE development. If they are to be included now, this must be done based on the analysis of the arguments that led to the initial exclusion and showing their invalidity in the changed circumstances.

Observation 2: The short-stay problem in 3GPP multi-RAT deployments can be treated as a combination of “pairs of RATs” and in most cases can be detected and solved by using already existing mechanisms and by properly configuring the necessary parameters. In few scenarios where automatic correction is not yet possible, small enhancements to existing solutions may be more appropriate than a new specialised mechanism.
Observation 3: The ongoing RAN2 WI on WLAN/3GPP Radio Interworking [4] deals with deployments of “pairs of RATs” (i.e., LTE/Wi-Fi and UMTS/Wi-Fi).
Observation 4: Depending on the outcome of the current RAN2 WI [4], the 3GPP-Wi-Fi short stay/ping-pong scenarios described in [1, 3] can be addressed with a proper configuration of triggering parameters employed in already existing solutions
Observation 5: The RAN-WLAN direct interface could be used to provide better control at RAN during traffic offload scenarios.
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