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1 Introduction

It was agreed that the problem of mobility between H(e)NBs shall be addressed within Rel9.  Different types of solutions for such type of mobility could be envisaged, depending on the architecture supporting H(e)NBs and on the level of involvement of various nodes in the mobility procedures.  This paper discussed the general layout of a H(e)NB to H(e)NB mobility solution and proposes to discuss certain starting assumptions. 
2 Discussion

The active mode mobility solutions for H(e)NB scenarios agreed within Rel8 were limited to the case of handover from the home cell to the macro cell and were based on cell reselection mechanisms already defined for the macro deployment scenarios.  These types of handovers will always imply an involvement of the core network, due to lack of direct interfaces between H(e)NBs and target macro (e)NB.  

However, H(e)NBs can be deployed via the support of  H(e)NB GWs.  This is mandatory for 3G HNBs and optional for the LTE HeNBs.  Such GW could play an important role in the case of H(e)NB to H(e)NB HOs, to the extend that it could mask the network from handling potentially frequent HOs generating very high amounts of signalling traffic.  
Several scenarios for handover between H(e)NBs could be envisaged.  The possible scenarios are listed below:
a) HO between two H(e)NBs served by the same H(e)NB GW

b) HO between two H(e)NBs served by two different H(e)NB GWs

c) HO between a H(e)NB served by a H(e)NB GW and a HeNB not served by a HeNB GW 

d) HO between two HeNBs not served by a HeNB GW

For matters of simplicity the following sessions will treat scenarios a), b) and c), as scenario d) is addressed by existing active mode HO procedures.

Discussion 1: Procedures for HOs between two HeNBs not served by a HeNB GW shall follow the S1-based HO procedures

2.1      Intra H(e)NB GW Active Mode Mobility
One of the major issues to resolve when dealing with active mode mobility towards H(e)NBs is how to uniquely identify the target cell.  There are two possibilities: the first where the target is uniquely identified; the second where there is some ambiguity in identifying the target cell, namely the source can identify a number of potential targets. Especially in case the target cell is not uniquely identified by the serving H(e)NB and the HO procedure is likely to generate some HO failure, which will cause additional network internal signalling traffic. Also the rather limited coverage of one H(e)NB cell will lead to frequent relocations/handovers, which will increase the HO/relocation related signalling in CN/EPC, if all the HO/RELOCATION REQUEST, REQUIRED, ACKNOWLEDGEMENT and COMMAND messages are delivered over the CN/EPC even in case of intra H(e)NB GW active mode mobility scenarios.
Discussion 2: For the intra H(e)NB-GW active mode mobility scenarios options avoiding  the high amounts of signalling traffic in the CN/EPC due to frequent HOs between the H(e)NB cells served by the same H(e)NB-GW should be studied.
2.2      Inter H(e)NB GW Active Mode Mobility
In this scenario the HO occurs between two H(e)NBs supported by different H(e)NB GWs.  When the serving and target H(e)NBs support cells of the same RAT (i.e. they are both 3G or both LTE), there could be still the possibility to reduce the signalling traffic in the CN/EPC due to frequent HOs between the H(e)NB cells by running the HO procedures between serving H(e)NB, serving H(e)NB GW, target H(e)NB GW and target H(e)NB. However before introducing additional optimizations for this scenario as part of Rel-9 work it should be clarified the relevance of the inter H(e)NB GW deployment scenario, where H(e)NB cells (e.g. in an office environment) would be served by different H(e)NB-GWs. It is anyway true that in such scenario, even without an optimised solution the basic handover/relocation procedure for active mode mobility would be available by following the S1/Iu based handover/relocation procedures via CN/EPC.
Discussion 3: The need to optimize the inter H(e)NB-GW active mode mobility procedure in order to reduce the signalling traffic in the CN/EPC due to frequent HOs between the H(e)NBs should be clarified. 

2.3      HO between H(e)NB served by a GW and HeNB not served by a GW
In this mobility scenario the node not connected to the H(e)NB GW is necessarily an LTE HeNB.  Therefore, if the other HO point is a 3G HNB, the HO results to be inter RAT and it will necessarily need the involvement of the CN/EPC.  The procedures to follow in this case are the inter RAT HO procedures already available.

Discussion 4: Procedures for HOs between a 3G HNB and a LTE HeNB (either connected to a HeNB GW or to a MME) shall follow current inter RAT HO procedures  

In case both HO points are LTE nodes and assuming that there will be no X2 between HeNBs the HO procedures will need the involvement of the MME, i.e. the HO will reduce to a S1-based HO.
Discussion 5: Procedures for HOs between a LTE HeNB connected to a HeNB GW and a LTE HeNB not connected to a HeNB GW shall follow current S1-based HO procedures  
In the two cases above, as well as in scenario d) of section 2, the CN/EPC will be exposed to the risk of excessive HO signalling due to the possibility of not being able to uniquely identify the target cell (e.g. due to lack of UE measurements, or to PCI/SC confusion).  It is FFS to study and determine how to uniquely identify the HO target in such scenarios or at least how to minimise the risk of HO failures.
3 Conclusions 
In this paper the problem of H(e)NB to H(e)NB active mode mobility was discussed.  A number of mobility scenarios were presented and assumptions were made on the architecture of such scenarios.
It is proposed to discuss and agree on the following discussion points:

Discussion 1: Procedures for HOs between two HeNBs not served by a HeNB GW shall follow the S1-based HO procedures
Discussion 2: For the intra H(e)NB-GW active mode mobility scenarios options avoiding  the high amounts of signalling traffic in the CN/EPC due to frequent HOs between the H(e)NB cells served by the same H(e)NB-GW should be studied.

Discussion 3: The need to optimize in Rel-9 the inter H(e)NB-GW active mode mobility procedure in order to reduce the signalling traffic in the CN/EPC due to frequent HOs between the H(e)NBs should be clarified. 

Discussion 4: Procedures for HOs between a 3G HNB and a LTE HeNB (either connected to a HeNB GW or to a MME) shall follow current inter RAT HO procedures  

Discussion 5: Procedures for HOs between a LTE HeNB connected to a HeNB GW and a LTE HeNB not connected to a HeNB GW shall follow current S1-based HO procedures  
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