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1 Introduction

Recently, a number of contributions have discussed the key drivers for mobility control. Some of these contributions have focused on cell reselection procedures in LTE [4], [5], while others considered multi-RAT and multi-frequency scenarios [6], [7], [8]. Also, recent contributions have emphasized the need to support load balancing both between multiple frequencies within LTE and in inter-RAT scenarios [5], [6], [7]. In this present contribution we discuss the drivers for inter-RAT radio resource management in general and traffic steering in particular. We then discuss a number of important inter-RAT traffic steering features, for the purpose of further identifying the interplay between idle and active mode inter-RAT RRM procedures (e.g. inter-RAT cell reselection and handover). This feature list can be used to identify the pros/cons (in terms of their ability to support such features) of various traffic steering mechanisms. 

2 The Purpose of the Inter-RAT Radio Resource Management and Traffic Steering

Inter-RAT radio resource management has the ultimate purpose of maximizing end-user experience and satisfaction while ensuring high utilization of spectrum and radio network resources. For end-users (and for end-user applications) it is often desirable to hide the actual radio access technologies (RATs) and the complexity of RAT selection algorithms. It is, however important, to provide appropriate QoS for end-user applications when suitable RAT(s) is/are available. For instance, broadband services should be accessible whenever the user is under LTE coverage (and is authorized to use such services). Additional end-user expectations include short call setup time, low session drop rates and, not the least, low battery consumption both in idle and active mode. 

From an Operator perspective, spectrum resources can be seen as a pool of assets whose efficient management is important in order to maximize revenue. For some RATs, coverage can initially be partial (“spotty”), imposing constraints on the usage of various RATs at different geographical regions. In a WCDMA/GSM environment it has been seen that different services can be provided with different efficiency, especially if not all the sites (base stations) of the two RATs are co-located [11], [12]. Thus, to optimize utilization, the required services should be provided by the RAT that is the most efficient for that service. Also, load balancing has been proposed as a means to increase the total capacity of multi-RAT systems [6], [7]. Overall, this puts requirements on operator control of the RAT selection. 

Finally, the overhead associated with multi-RAT RRM should be kept at a low level (by for instance reducing the amount of information that needs to be broadcast in the different RATs to assist inter-RAT cell reselection). In some cases, some of these overall objectives may imply some trade-offs (for instance, load balancing may involve extra signaling) in which case the pros/cons need to be analyzed.

3 Features of Inter-RAT Mobility and RAT Selection

Apart from the overall drivers and objectives, it is useful to characterize inter-RAT traffic steering (that consists of a set of functions) in terms of its basic characteristics or features. Feature in this context means: “Why (on what basis) an inter-RAT HO or Cell Reselection can/should happen?”. That is, if the Feature is e.g. “Service”, the RAN may enforce a HO on the basis of an Operator defined configuration specific to that on-going service. For instance, if the service is voice, the RAN may decide to select WCDMA for the UE. Idle and Active mode mobility and RAT selection decisions and mechanisms can support a combination of such features. 

Some of these features applicable for multi-RAT scenarios in which LTE is one of the involved RATs are summarized in Table I. As we shall see later, although some of these features can be better supported with a certain inter-RAT traffic steering mechanism than with another (e.g. handover vs. cell reselection), it is useful to identify these features independently from the actual mechanisms that can realize these features.

Table I. A Summary of Inter-RAT Traffic Steering Features. It is important to note that specific traffic steering mechanisms can often be characterized by the combination of such features.
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Coverage based mobility control can be seen as an essential feature of Inter-RAT mobility. For instance, an Operator may configure the RAN such that whenever LTE coverage is available, UEs will reselect LTE or the UEs will be handed over to LTE. Alternatively, such “static” prioritization of LTE may be combined with e.g. signal strength or signal quality measurements; for instance LTE will be the preferred RAT if LTE signal strength is sufficiently better than another available RAT (e.g. WCDMA). For WCDMA/GSM networks, it has often been the case that lack of coverage has been the main driver for inter-RAT changeovers. We expect that coverage based mobility will be a base case even for multi-access networks in which LTE is one of the access technologies.

RAT Selection can also be based on the services (and associated QoS parameters). This type of mobility control is primarily applicable in active state, when the UE has activated one or more service(s). However it can be considered if, for passive (non-GBR) bearers service based policy or service history can also be applicable in idle state (however in this case it is important that these mechanisms are under control by the operator). 

Traffic steering can also take into account subscription information available in the UE and/or in the network. An example usage of this piece of information is to classify users into e.g. “Gold/Silver/Bronze” classes and use that categorization to select the RAT. In another example, the Operator Policy uses both service information and subscriber information when determining the preferred RAT for camping and connected UEs.

Load balancing is a means to ensure high resource utilization. In its simplest form it only tries to avoid that radio resources of a certain RAT get congested when there are available resources belonging to other RATs. A simple combination of service based policy and (congestion avoiding) load balancing is to offload voice sessions from LTE to 2G/3G such that LTE resources are kept available for broadband services. Load balancing can also have the purpose of keeping a similar load over multiple RATs, both in terms of the number of camping UEs and the overall radio resource consumption. 

We also note that radio resource consumption based RAT selection can also be part of the optimization process. The rationale for this feature is the observation that depending on the UE location and the set of selected services, different RATs may be different in terms of the necessary radio resources (e.g. downlink power usage, interference, etc). However, this optimization feature is not expected to be important during the initial deployments of LTE systems.

4 Inter-RAT Traffic Steering Mechanisms

[image: image3.wmf]Camping on WCDMA

Initiate Call/Session 

on WCDMA

Change 

RAT ?

Call/Session 

Established in WCDMA

Call/Session 

in WCDMA

Change 

RAT ?

Call/Session 

Release 

Camping on LTE

Initiate Call/Session

on LTE

Change 

RAT ?

Call/Session 

Established in LTE

Change 

RAT ?

Call/Session 

in LTE

Call/Session 

Release 

Inter

-

RAT

Cell Re

-

selection

Inter

-

RAT Redirection upon

Session (RB) Setup,

e.g. 

“

Directed Retry

”

(in RAB Assignment Response)

or at RRC Connection Setup 

Inter

-

RAT

Handover 

Inter

-

RAT Redirection upon

RRC Connection Release 

Camping on WCDMA

Initiate Call/Session 

on WCDMA

Change 

RAT ?

Call/Session 

Established in WCDMA

Call/Session 

in WCDMA

Change 

RAT ?

Call/Session 

Release 

Camping on LTE

Initiate Call/Session

on LTE

Change 

RAT ?

Call/Session 

Established in LTE

Change 

RAT ?

Call/Session 

in LTE

Call/Session 

Release 

Inter

-

RAT

Cell Re

-

selection

Inter

-

RAT Redirection upon

Session (RB) Setup,

e.g. 

“

Directed Retry

”

(in RAB Assignment Response)

or at RRC Connection Setup 

Inter

-

RAT

Handover 

Inter

-

RAT Redirection upon

RRC Connection Release 


Figure 1: A schematic overview of inter-RAT traffic steering mechanisms. (Here exemplified by WCDMA and LTE.)

The various traffic steering methods for a WCDMA/LTE multi-RAT system are illustrated in Figure 1. When the UE is camping on a RAT, it continuously performs inter-RAT cell reselection in order to camp on the appropriate cell in terms of the radio conditions. The cell reselection process may also support various other features listed in Table I. For instance, it may take into account subscriber information, service history or “passive” radio bearers when selecting the RAT for camping. 

Another possibility is to use redirection upon RRC connection setup or upon radio bearer setup (similarly to the Directed Retry procedure between WCDMA and GSM). For instance, in WCDMA the RNC may decide a directed retry when receiving a RAB Assignment Request from the CN. 

When the call/session is established in a certain RAT, the appropriate inter-RAT handover procedure can be used for traffic steering. 

Finally, Inter-RAT redirection is also possible at RRC connection release using the appropriate Redirection Info. Note however that this method will only have a temporary effect on the RAT selection since the terminal may after a while re-select back to the original RAT.

5 Conclusions

In this contribution we made the point that inter-RAT RRM and specifically inter-RAT traffic steering can be based on a number of considerations. These considerations and their combinations can be supported by one or several inter-RAT traffic steering mechanisms (e.g. cell reselection). We believe that these considerations need to be understood in the wider context of inter-RAT traffic steering (rather than focusing on the drivers for e.g. cell reselection only). In particular the features might be differently applicable for Idle and Active terminals. 

To this end, we provided an overview of the following inter-RAT features. Inter-RAT traffic steering decisions can be made based on the following considerations:

· Coverage (possibly combined with other radio characteristics and/or priority list among RATs)

· Operator Policy with regards to the activated set of services, their QoS requirements, possibly combined with the service history and subscription information

· Traffic load for the purpose of avoiding radio resource congestion and/or balancing the overall load over the available RATs

These considerations (and their combinations) can be supported by various traffic steering mechanisms, including cell reselection, redirection upon paging, RRC connection setup, RB setup, inter-RAT handover and inter-RAT redirection upon RRC connection release. 
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