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1 Introduction

TS 36.300 describes the drivers for intra-LTE and inter-RAT mobility control. It is expected that an appropriate Stage 3 document (expectedly TS 36.331) will provide the details of inter-RAT handovers and specify the events (in terms of associated measurement quantities and threshold, offset and timer values) that need to be defined for inter-RAT handover mechanisms. To discuss and to agree on such principles are a prerequisite for defining the necessary measurements, system parameters and procedures for inter-RAT handovers. Therefore, the purpose of the current contribution is to discuss the radio resource management aspects of inter-RAT handovers, on the basis of which the detailed parameters, offsets, etc, can be specified and agreed on.

2 Handover Based on Radio Conditions and Coverage

In broad terms, the purpose of inter-RAT handovers is to ensure user satisfaction while making best use of the available overall radio (spectrum) and radio network resources. More specifically, inter-RAT handovers can be initiated to meet the various requirements and drivers summarized in TS 36.300. While there seems to be a consensus that all of these drivers need to be taken into account, it has been pointed out (for instance in [2]) that radio condition based mobility control is an essential feature not only of LTE but also of UTRAN and GERAN. Other mobility features, such as service or subscription information based mobility control and traffic steering for the purpose of load balancing can be seen as useful complements to the radio condition (essentially coverage) based mobility. For instance, in a base case, UEs are served by the RAT that is best in terms of radio conditions irrespective of the on-going service. A service based operator defined policy may enforce an inter-RAT handover when several RATs have good radio conditions and a UE is using a service belonging to a specific QoS class. Other aspects that can be taken into account in the inter-RAT handover procedure – depending on operator defined policies – is the traffic load in the different RATs, emergency conditions, handover frequency limitations and other consideration.

A general principle (and an input assumption in this contribution) for inter-RAT radio resource management is that the UE is not connected to multiple RATs simultaneously. This aspect can be especially important when discussing service based inter-RAT handovers. For instance, when a UE is using a service that is best delivered over LTE, all other services that are used simultaneously by this UE must also use LTE.

Another general principle for inter-RAT handovers is that (1) triggering of inter-RAT measurements as well as the handover decision are made by the RAN that currently serves the UE and (2) the target RAN gives guidance for the UE on how to make the radio access. The target RAN provides information on the target cell including radio resource configuration, necessary identities, etc, in a transparent container. The target RAN may also exercise admission control over the UEs that are handed over to it. Although the handover command must be compiled and sent to the UE by the serving RAN, the target RAN may assist in this by providing information about the target cell. This interplay between the serving and target RANs is well known from the interworking between UTRAN and GERAN and can serve as a basis for interworking between LTE and UTRAN/GERAN as well.

It follows that when a handover is to be made from LTE to, say, UTRAN, the eNB needs a couple of important pieces of information that allows it to prepare and make such a decision. In the radio condition based handovers, this should include the following:

· Measurements and parameter(s) that control when LTE should order the UE to start measurements on other RATs,

· Measurement values that characterize the quality of the selectable cells of the candidate other RATs,

· Parameter(s) that allow LTE to compare and rank the available (selectable) cells belonging to the available RATs.

For the first aspect above, the eNB receives measurement reports from the served UEs regarding LTE cells. When the measured (and based on the measurements the estimated) quality of the currently used frequency (LTE) is below a certain threshold (possibly controlled by some configurable parameter), the eNB orders the UE to start to perform and report inter-RAT measurements. 

Although the serving RAN makes the handover decision and the UE is commanded by the serving RAN, the target RAN is responsible for giving guidance for the UE on how to make the radio access there. For instance, when handing over to UTRAN, the eNB can send UE measurement reports on candidate UTRAN cells to the target RNC allowing the RNC to make a final decision on the target cell. The RNC may take into account cell load when making this decision; and it can also reject the handover request from the serving RAN (LTE).

These general principles can be illustrated using the example of the handover procedure between LTE and UTRAN:

· The UE (under study) is served by LTE. The UE continuously reports relevant LTE measurements to the serving eNB. The specification of these measurements is out of the scope of this paper. (Examples are RSRP, RSSI and RSRQ.)

· Upon certain events (see below), the serving eNB requests the UE to start measuring on UTRA. The UE then also reports UTRA measurement results to the serving eNB.

· The eNB needs to know the criteria for a UTRAN cell to become a candidate cell and the UTRAN load situation to decide if a handover to UTRAN is feasible. The details of the necessary information exchange between LTE and UTRAN are FFS. 

· The eNB uses the measurement reports, information from the RNC and configurable parameters to compare and rank selectable cells (both in LTE and UTRAN), and if certain criteria are fulfilled (see below), it makes a handover decision and issues an inter-RAT handover command.

Applying the above principles to the case when the handover procedure is executed from UTRAN to LTE is analogous to the LTE-to-UTRAN case. The handover decision is made - and the associated handover command is formed - by the RNC (BSC). 

3 Events to Facilitate Inter-RAT Handovers

It follows from the above that the serving RAN needs to be able to (1) trigger inter-RAT measurements, (2) make a comparison between different radio access technologies and (3) make a handover decision. This is made possible by identifying the following events defined in terms of appropriate measurement quantities, associated threshold, and offset values:

· The estimated quality of the currently used frequency (LTE) falls below a certain threshold. Essentially, this event triggers the start of UE measurements on UTRAN and/or GERAN. Inter-RAT measurements require measurement gaps and can be power consuming and therefore the threshold value that defines this event should be sufficiently low in order to avoid unnecessary inter-RAT measurements.

· The estimated quality of the currently used frequency (LTE) is above a certain threshold. This event should stop inter-RAT measurements.

· The estimated quality of the other system (e.g. UTRAN) is above/below a certain threshold. This event allows the other RAT to be selectable.

· The estimated quality of the currently used system (LTE) is below a certain threshold and the estimated quality of the other system is above a threshold. When this event occurs, it should start the inter-RAT handover procedure.

4 Conclusions

Although the drivers for mobility control in general and inter-RAT handovers in particular are important to identify, there is a need to discuss and agree on key mechanisms and parameters that allow that these drivers can be met. In this contribution, we proposed a few key principles for inter-RAT handovers. These principles are well known from the interworking between UTRAN and GERAN and can serve as a starting point to discuss the specific inter-RAT handover procedures, measurements, parameters and other relevant Stage 3 details. These are summarized below:

· In multiple RAT scenarios, the UE uses a single RAT for all in-progress services.

· Inter-RAT handover decision is made (and the handover command is sent) by the serving RAN. The target RAN may exercise admission control to UEs that are handed over.

· The serving RAN receives information from the target RAN that can become part of the handover command.

We have also listed the key events that basically define the inter-RAT handover procedure. 

We propose to discuss and agree on these basic principles and the definition of the inter-RAT handover events.

5 Text Proposal to TS 36.331
X.Y.Z
Inter-RAT Handovers
A general principle for inter-RAT radio resource management is that the UE is not connected to multiple RATs simultaneously. In particular, when a UE is using a service that is best delivered over LTE, all other services that are used simultaneously by this UE must also use LTE.

Another general principle for inter-RAT handovers is that (1) triggering of inter-RAT measurements as well as the handover decision are made by the RAN that currently serves the UE and (2) the target RAN gives guidance for the UE on how to make the radio access. The target RAN provides information on the target cell including radio resource configuration, necessary identities, etc, in a transparent container. Although the handover command must be compiled and sent to the UE by the serving RAN, the target RAN assists in this by providing information about the target cell. 

For inter-RAT handovers, the serving RAN needs to be able to (1) trigger inter-RAT measurements, (2) make a comparison between different radio access technologies and (3) make a handover decision and command the UE. The target RAN must be able to send information in a transparent container to the UE that guides the UE on how to make radio access in the target RAN. In the from LTE to UTRAN/GERAN direction this is made possible by identifying the following events defined in terms of appropriate measurement quantities, associated threshold, offset and timer values:

· The estimated quality of the currently used frequency (LTE) falls below a certain threshold. Essentially, this event triggers the start of UE measurements on UTRAN and/or GERAN. The threshold value that defines this event should be sufficiently low in order to avoid unnecessary inter-RAT measurements.

· The estimated quality of the currently used frequency (LTE) is above a certain threshold. This event should stop inter-RAT measurements.

· The estimated quality of the other system (e.g. UTRAN) is above/below a certain threshold. This event allows the other RAT to be selectable.

· The estimated quality of the currently used system (LTE) is below a certain threshold and the estimated quality of the other system is above a threshold. When this event occurs, it should start the inter-RAT handover procedure.
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