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1 Introduction

Active mode inbound mobility to 3G and LTE CSG cells has been agreed as a requirement for Release 9.  The current understanding is that a mobility solution shall be available for Rel9 UEs.  However, there are fundamental obstacles concerning a mobility solution for CSGs that need to be discussed.  

At this initial stage of Release 9 the boundaries of the mobility problem shall be discussed and agreed, so that RAN3 can concentrate its effort in resolving the mobility problem for the scenarios considered relevant.  This paper attempts to define such boundaries.
2 Discussion

In coordinated cell deployments the problem of active mode mobility is solved thanks to the fact that a fundamental assumption can be made: a PCI/PSC can uniquely represent a cell within a limited coverage area surrounding the UE.  Such assumption is possible because the reuse of PCIs/PSCs in coordinated cell deployment is relatively low and because their distribution is accurately planned.  

Therefore, when a UE in active mode reports to its serving (e)NB the PCI/PSC of a target cell (among other physical layer measurements), the serving eNB is able to uniquely identify the target cell and, in case it decides to handover the UE to the target, to appropriately construct the Target ID for the target cell.

However, with the introduction of H(e)NBs the assumption of PCI/PSC uniqueness within a local area cannot be made any longer due to the high reuse of PCIs/ PSCs and to the uncoordinated deployment of H(e)NB cells.  It is optionally possible to configure the network in a way that CSG cells and non-CSG cells can be distinguished just by looking at the PCIs/ PSCs they use; this concept is known as PCI/ PSCs split.  Nevertheless, it is not possible to uniquely identify a CSG cell from its PCI/ PSC due to the very high PCI/ PSC reuse within macro coverage.  The latter problem was also pointed out in [1] and it is addressed as “PCI/ PSC confusion”.
In addition to the “PCI/ PSC confusion” emerging from the CSG deployment scenario, the same confusion could occur within the PCI/ PSC range dedicated to non-CSG cells. Indeed, in Release9 hybrid home cells and open home cells have been introduced. Due to the fact such cells allow for open access to all the UEs, they will not be able to be assigned a CSG PCI/ PSC.  Hence, the range of non-CSG PCIs/ PSCs will be populated with numerous uncoordinated cells and this will cause PCI/ PSC confusion.  This problem was also partially highlighted in [2].  The problem from a mobility point of view is similar to the one encountered for CSG cells, namely the serving (e)NB is not able to uniquely construct a Target ID for the target cell.

In [1] RAN2 already pointed at the fact that a UE “will have to provide an additional identity (e.g. Cell Global Identity) to the serving (e)NB in order to facilitate PCI/ PSC confusion resolution”.  However, in order for RAN3 to work on a mobility solution it is necessary to know if such extra information about the target cell will be available at the serving node.

Discussion 1: Will the UE provide enough measurements to allow the serving (H)eNB to uniquely determine the target H(e)NB? Shall RAN3 send an LS to RAN2 with respect to this issue?
It shall be noted that the serving (e)NB mentioned throughout the paper could also be a H(e)NB.  In this case the mobility will be between H(e)NB cells.  However, the scenarios described in this paper apply to both H(e)NB((H(e)NB and (e)NB((H(e)NB mobility. 

2.1      Active Mode Mobility for Rel9 UEs

As explained above, it is likely that RAN2 will study and present solutions for the Rel9 UE to report more than the PCI/PCI of the target cell while in active mode.  The most accredited parameter that the UE could report in addition to the PCI/PSC is the CGI of the target cell.  However, as CGI and CSG ID are broadcast in the same SIB is could be possible that both parameters could be provided by the UE in active mode.

Nevertheless, the situation could be that the Rel9 UE will not be able to provide extra measurements in active mode.  Hence, the serving node will have to guess which cell is the most likely target.  Techniques to allow the serving node to estimate which cell is the HO target are FFS.
In both the cases where the serving node can determine a unique HO target or in the case where such target is a “best guess”, the problem RAN3 will have to solve is how to route the HO REQUIRED and HO REQUEST messages to the target H(e)NB.  Two possibilities can be envisaged: one where the HeNB is not supported by a HeNB GW and one where the H(e)NB connects to a H(e)NB GW.
In the first case (GW-less for LTE), the routing of HO messages can happen in a way similar to that used for macro eNBs.  In the second case (GW supported for both LTE and 3G) the issue to resolve is how to route the HO messages to the H(e)NB GW and how to forward the messages from the H(e)NB GW to the H(e)NB.
Discussion 2: HO message routing for active mode mobility towards HeNBs not connected to a HeNB GW shall be addressed by current S1-based HO procedures

Discussion 3: In the case of Rel9 UEs and in the case of H(e)NBs connected to a H(e)NB GW, the solution to active mode mobility consists of determining a mechanism to route HO messages from the serving (e)NB to the H(e)NB GW and from the H(e)NB GW to the target H(e)NB.
3 Conclusions 
In this paper active mode inbound mobility towards H(e)NBs was discussed.  The descriptions provided fit both the scenarios of H(e)NB((H(e)NB and (e)NB((H(e)NB active mode mobility.
The paper concentrates on determining the boundaries of the mobility problem and tries to converge on a set of reference scenarios towards which the mobility solutions shall be targeted. It is proposed to discuss the following statements:  

Discussion 1: Will the UE provide enough measurements to allow the serving (H)eNB to uniquely determine the target H(e)NB? Shall RAN3 send an LS to RAN2 with respect to this issue?
Discussion 2: HO message routing for active mode mobility towards HeNBs not connected to a HeNB GW shall be addressed by current S1-based HO procedures

Discussion 3: In the case of Rel9 UEs and in the case of H(e)NBs connected to a H(e)NB GW, the solution to active mode mobility is restricted to scenarios where a HeNB GW is deployed and it consists of determining a mechanism to route HO messages from the serving H(e)NB to the H(e)NB GW and from the H(e)NB GW to the target H(e)NB.
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