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1. Introduction

One of the most relevant conclusions from the mobility drivers discussion documented in RAN2 [1], is the need of mobility control mechanisms available for the operators to distribute the users across different RATs and frequency carriers, not only in dedicated mode but in idle mode and during idle-to-dedicated transition (redirection).

This document proposes an operator configurable mechanism that can be used to manage efficiently the mobility in a heterogenous network and avoid conflicts between different mobility procedures in different RATs and frequency carriers. 
2. High level mobility control policies
Due to the tight inter-working functionalities provided in 3GPP, in most cases it is possible to see a multi-radio network as only one single heterogeneous network where an operator can assign specific access pipes (a set of different radio access technologies and frequency bands) to different subscriber types at any mobility state. The heterogeneity of a network will be also inherent in green field EUTRAN networks as it is possible to offer also in this case several access pipes due to the different frequency bandwidth allocation that EUTRAN supports. Some cases (e.g. in case of GERAN – E-UTRAN interworking) though it is important to separately consider service and interworking limitations of a certain RAT.
To better understand the requirements for mobility in a heterogeneous network, the procedures can be divided in three parts:
· Triggering and mobility handling

Most of the RAN2 discussions so far have been dealing about triggering mechanisms (e.g. subscription based, serviced based, coverage based. The mobility handling refers to HOW we execute the mobility orders e.g. via redirection, handovers or based on idle mode cell reselection.
· Selecting and managing of the UE mobility in the target RAT. 
   Managing UE/RAN mobility behaviour in the target domain
A quick evaluation to solutions for II and III seems very challenging as different radio access systems have their own managing rules and thus unwanted behaviours may arise. As an example, if a terminal reselects from E-UTRAN to UTRAN due to service reasons (this is FFS), the UTRAN’s rules may forward the terminal to GERAN. This is not good as the idea in this case is to let the terminal to be in UTRAN until the call is released and then the terminal should return to E-UTRAN.. As the terminal’s mobility “out-of-control” in other RATs, operators may have limitations in providing robust subscrip-tion profiles. One solution to overcome this problem is to add extra inter-working functionalities in legacy networks. In the previous example, UTRAN should be able to differentiate which terminals are coming from E-UTRAN due to service reasons and forbid any handover attempt to GERAN for that particular terminal. However, adding specific extra inter-working functionalities for each E-UTRAN driver in legacy networks may not always be so cost-effective approach. It has especially been discussed in the workshop on E-UTRAN – GERAN handovers that new implementations and features in GERAN should be avoided.
To support the mobility drivers described in [1]  while at the same time overcoming any conflicts between mobility rules in different RATs in a simple way (limited impact on legacy networks), we proposes the use of  high level policies for mobility control. High level policies are universal, operator configurable policies that are valid across different RATs and work on top of existing mobility procedures without entering into conflict with them. Some of the role of the policies may include:

· The access pipe assigned to the terminal for a certain(s) driver(s)
· The mobility conditions in the access pipe.

The interaction between high level policies and the typical mobility rules in the network is described in the model below (Figure 1). In order to make the high level policies orthogonal to the existing mobility rules in RN/CN, we propose that UE make sure that such policies are applicable in all the radio accesses.




Figure 1: Mobility model including high level policies

2.1
Definition of access pipes
Part of the high level policies is to define the access pipe, i.e, the set of RATs and/or frequency bands where the terminal should be assigned. Current HLR subscription allows a subscriber to be connected to GSM only or to 3G/GSM. However, we think that a finer technology resolution for the access pipe selection would be needed as different radio capabilities are supported even inside a RAT and the operators would like to have more flexibility about which layers of certain RAT is assigned for a specific request.  Due to different radio technologies being offered even inside a specific RAT we propose to define the access pipes as a collection of frequency bands and RATs. For example, the following access pipes can be assigned by an operator:

· Access pipe A: [E-UTRAN_f1, E-UTRAN_f2, 3G_all]

· Access pipe B: [3G_f3, 3.5G_f4, E-UTRAN_f5]

· Access pipe C: [2G_all, 3G_f3, E-UTRAN_f6]
In the above example, the different access are built to provide different access capabilities (access pipe A= broadband, access pipe B= medium speed, access type C= low speed) for different purposes in similar way as DSL operators does (DSL 500 kbps connection, DSL 1Mbps connection etc).  In the example, one relevant point is that even that new technologies will initially be coverage limited (e.g access pipe A), a fallback technology (3G_all) can be included in the same access pipe in order to support seamless mobility at least for most critical services. Note: The bandwidth information in access pipes in the example above are only mentioned for reference purposes as only the carrier information is needed.
2.2
Mobility limitation in the access pipes
Once the terminal is assigned an access pipe the high level policies should make sure that the mobility of the terminal in its own access pipe should not enter into conflict with the internal mobility rules of the radio access networks nor cause severe impact on the legacy network. We think that the most convenient way is to instruct the terminal to inform to the current network about its “allowed” radio access capabilities. As an example, if a terminal is allocated to the access pipe A (see example in section 1.1), then UE should inform the network, as part of its UE radio capabilities, that the terminal is only allowed to move across E-UTRAN_f1, E-UTRAN_f2 and in all 3G bands. We propose two mechanisms to let the network to be aware of the available radio capabilities of the terminal (both are based on a modified UE radio access capabilities IE):
· UE informs the “allowed” radio capabilities.
· UE informs the network about its “real” radio access capabilities plus some indicators about the allowed radio capabilities.
As the terminal follows the high level policies, the terminal can only measure and report measurements from RATs and frequency bands included in its access pipe. As the network is aware about the terminal’s “allowed” radio access capability and the received measurement reports includes only measurements from radio accesses that belong to the access pipe, the mobility of the terminal will always be within its corresponding access pipe. 
Several high level policies can coexist in the same network without conflicting each other. As an example, Figure 3 shows two subscribers 1 and 2 under the same cell with different operator’s policies. UE1 is a normal subscriber and thus is able to access all the radio access technologies, while UE2, under certain policies, is able to access the access pipe [3G carrier f2 , E-UTRAN_f4).
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Figure 3: Different UE subscriptions co-existing in the same network

3
Conclusion
We introduced a high level mobility control concept that, by controlling the UE radio access capability, it gives a management tool for operators to distribute more efficiently their subscribers and offering different access types. In section 1 we presented the limitations of traditional cell reselection procedures in a heterogeneous network and the lack of mechanism available to the operator to fully exploit all its existing radio technologies resources. This can be solved by the high level mobility control procedures described above.  The benefits of high mobility control by controlling the UE radio access capability:

- Provides a powerful tool for operators to manage their traffic across different technologies. If this high level mobility control is applied in E-UTRAN only, it still will be useful to distribute the traffic across different E-UTRAN frequency carriers.

- Allows operators to offer different product portfolios (different access types at different prices) 

- Protect operator’s investment in GERAN/UTRAN. 

- Avoid potential conflicts with RN/CN mobility control.

Some further work required on this high mobility control is still FFS:

- Signalling procedures to deliver/update the policies to UE from the aGW. We propose to work on (“on the fly”   configurations. Transfering of policies during attachment and/or TAU/RAU seems the simplest solution.

- Impact on legacy radio network: hosting the policies and adding the signalling mechanisms to transfer the policies to UE.

The required procedures in UE are rather simple. Upon reception of the policies (stored most probably in the SIM card), the.bands and RATs not included in the rules are blocked or instead, some indicators are given to the access network about its allowed radio access capabilities.

We suggest this type of mobility control can be included in E-UTRAN and existing 3GPP technologies. If impact on legacy radio network is too much compromised, we still believe this concept can be very useful in managing the mobility in the E-UTRAN bands according to different subscription 
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HIGH LEVEL policies (Operator controlable)


Rules are applied as universal rules for UE and therefore unbreakable (unless high mobility rules allows certain exceptions.





LOW LEVEL MOBILITY (CN mobility procedures) �Intra/Inter RAT handover, signalling in idle mode�and other procedures applies as normally�between RATs/frequencies





LOW LEVEL MOBILITY (RN mobility procedures) �Traditional mobility concept ruled by algorithms in the �radio access network (in idle/dedicated mode)











