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1. Introduction

The recent output of SA #38 includes “network controlled dual radio mobility between 3GPP technologies and Mobile WiMax” among the “priority” items to be treated in SA2 in the coming months
This has been documented as follows: “SA2 will perform the necessary stage-2 work on network-controlled dual radio handover between 3GPP accesses (GERAN, UTRAN, E-UTRAN) and Mobile WiMAX. This ensures that adequate care is taken to maximize the chances for timely completion of this feature for Release 8 by 06/2008” [1]
This contribution addresses the topic discussing the mechanisms by which such a network controlled dual radio handover can be realized. 
2. Characteristics of the solution
2.1 On dual radio

One fundamental element of the WiMax interworking activity now captured also by the updated SAE WID [2] is the “dual radio” assumption. The term “dual radio” refers to the ability of operating two radios simultaneously. This results in the possibility of establishing connectivity with two access systems in parallel.

Effectively, with the dual radio assumption, realizing a seamless handover with make-before-break operation is trivial, since the target access leg can always be established while still communicating in parallel via the old leg. 

The dual radio assumption also means that there is no need for a tunnelling interface to exchange target system signalling via the source system.

Examples of other interworking solutions relying on and exploiting the dual radio assumption include Rel-7 VCC (3GPP TS 23.206) and GAN (3GPP TS 43.318). 
2.2 Make-before-break with dual radio

The make-before-break handover that can be realized with a dual radio solution has also the asset of minimizing the impact to the access network. In practice, no coupling of the access systems is needed, i.e. access system A does not need to be modified with information specific to access system B. 
In fact, such modifications (e.g. prepared handover, radio measurements, and so on) have traditionally been motivated by the need for the access network to “help” a single-radio UE during the mobility event, as the single radio UE would be limited by the laws of physics in the speed with which it could stop operating in access A and start operating in access B.
Instead, with a dual radio assumption, the UE needs no “help”, strictly speaking, and can de facto operate in parallel in the two access systems without them being aware of each other. Only the core network “sees” the UE and the two access systems and “manages” the mobility of the UE between them
2.3 
On network involvement
The network may be involved in many potential ways in UE mobility events. For example, in the following we describe three mechanisms for network involvement:


2.3.1
Network control of mobility
UE mobility within the network is always controlled by the network, for example:
a) In backward intra-system handovers, the UE performs the handovers as instructed by the radio network 

b) In forward intra-system handovers, the radio network authorizes or rejects each UE movement 

c) In inter-system mobility, the mobility anchor authorizes or rejects the mobility procedure (Binding, Update, Proxy Binding Update or GTP Update Bearer Request)

Conclusion: option (c) is needed for handover with mobile WiMax


2.3.2
Network assisted discovery
This describes means that the network may have to inform the UE about the different accesses that may be available. This functionality can be achieved in at least two ways:

a) Source radio access specific mechanisms (e.g. neighbour cell information)
b) Source radio access independent mechanisms (e.g. network discovery and selection mechanisms, such as ANDSF)
For a single radio device option (a) may be, in some cases, required to optimize the inter system measurements during the source access transmission/reception gaps.
For a dual radio device, option (a) is not required since the two radios can operate independently of each other and thus no strict coordination between the two is strictly necessary.
Conclusion: option (b) is needed for handover with mobile WiMax

 2.3.3
Network assisted triggering
Network triggering, i.e. explicit instructions to the UE about what it should do, can be performed in at least two ways:

a) Source access specific triggers to each UE (sent to each UE specifically more or less at the point in time when they should move)
b) Policies instructing the UE to trigger mobility events appropriately
In order to use mechanism (a), we note that the following is required: the source access being configured with the information about the target access neighbours, the source access commanding the UE to measure the target access neighbours, the UE reporting the neighbour measurements to the source access, and the source access having an algorithm to trigger mobility at some optimal point. Mechanism (a) is well suited for single radio devices since the UE has to anyway receive specific target radio configuration via the source access (otherwise the handover break would become too long)
For dual radio UEs, mechanism (b) is a much simpler approach. The network provides a policy to each UE and the UE triggers the mobility events based on the policy. In its simplest form the policy could e.g. set the order of preference for different radio accesses types. There are then multiple ways to refine such a policy so to provide more elaborate means for guiding the mobility triggering. For example, the policy could also include lists of different RAT providers and their preference, or different access type preferences for different types of IP flows. The policy delivery could be part of the Network Discovery and Selection mechanisms, such as ANDSF.
Conclusion: option (b) is needed for handover with mobile WiMax

2.4 
What is needed
In light of this discussion, and of the dual radio nature of the handover, we can conclude that the following is needed in Release 8

· The PDNGW being able to authorize/reject each inter RAT mobility event (BU, PBU).

· Specification of the mechanisms for delivery of information about available WiMax access networks to the UE over Sx by ANDSF, or equivalent means. 

· Specification of the mechanisms for delivery of Inter RAT Mobility Policies to the UE over Sx by ANDSF, or equivalent means.

We can also conclude the following, about what is not needed:

· No need for inter RAT tunnelling between 3GPP and Mobile Wimax

· No need for inter WiMax neighbour lists and Wimax specific measurements in eUTRAN

3. Handover with Mobile WiMax reusing 23.402

3GPP TS 23.402 [3] describes generic interworking procedures between 3GPP systems and non-3GPP systems. Obviously, from a high level point of view, both S2a and S2c procedures can be applied in this case.
Section 2 has also described what we believe is required to realize a network controlled handover with mobile WiMax. It can be noted that these elements are characterized by lack of impact to the access networks. For this reason, we believe it becomes natural to perform the handover in way that maintains the “no impact to the access system” approach. This can be done using S2c procedures as described already in TS 23.402.
Using the 23.402 procedures complemented by the elements discussed in Section 2.4 realizes a network-controlled dual radio handover with Mobile WiMax that meets the requirements and reduces the impact to each access network. Within this case, using the S2c approach further minimizes the impact to access networks.
Whether it is S2a or S2c, all related procedures from 23.402 can be reused immediately, thus ensuring that proper QoS and policy support are present for this interworking.
The figure below illustrates how such a handover (from 3GPP to Mobile WiMax) would look like in the S2c. Blue text identifies modifications with respect to the original figure 8.4.2-1 from 23.402. Practically, all such modifications are cosmetics.
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Figure 1. Make-before-break dual radio handover between 3GPP and Mobile WiMax
An equivalent figure could of course be drawn also for the S2a case. 

The only differences become that the access networks involved need to have the ability to send a PBU on behalf of the UE, and the UE needs to have the ability of supporting PMIP between those two access networks (3GPP and WiMax).
4. Conclusion
This paper has discussed the levels of network involvement to realize a “network controlled dual radio WiMax-3GPP handover”, and proposes the following conclusions
1) The PDNGW being able to authorize/reject each inter RAT mobility event (BU, PBU) is needed in Rel-8.
2) Specification of the mechanisms for delivery of information about available WiMax access networks to the UE over Sx by ANDSF, or equivalent means, is needed in Rel-8.
3) Specification of the mechanisms for delivery of Inter RAT Mobility Policies to the UE over Sx by ANDSF, or equivalent means, is needed in Rel-8.
4) Inter RAT tunnelling between 3GPP and Mobile Wimax is not needed in Rel-8
5) WiMax neighbour lists and Wimax specific measurements in eUTRAN are not needed in Rel-8
6) S2a or S2c procedures to be reused “as is” from 23.402 are needed in Rel-8. Each of them puts some specific requirements on the UE and/or on the access network (for S2c the UE needs to support DSMIPv6, for S2a the access network needs to be capable of sending a PBU on behalf of the UE, and the UE needs to support PMIP between 3GPP radios and WiMax)
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