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1
Introduction

The mobility enhancements work item for 3G HNBs needs to converge on a solution that improves mobility in intra GW relocation scenarios and that supports CELL_FACH mobility.
Moreover, during RAN3#69 a number of companies showed interest towards a further mobility enhancement, where the procedures are run over a direct interface established between HNBs without the intervention of the HNB GW. 
It would be optimal if a single mobility enhancement solution that suites both the HNB GW based enhanced relocation procedures and the relocation based on a direct HNB to HNB interface could be defined.

This paper describes the details of a solution that 

· Enhances intra GW mobility without impacting the complexity of the HNBGW 

· Enables enhanced CELL_FACH mobility in intra HNB GW scenarios

· Can be reused for enhanced mobility based on a HNB to HNB direct interface   
· Enables relocation of both CS and PS domains at the same time
2 Solution Description
As already explained in R3-101661 a solution for enhanced intra HNB GW can be based on the RNSAP Enhanced Relocation procedures.  
The figure below represents a message sequence chart of the proposed HNBAP based enhanced Relocation procedure for Intra HNB GW mobility.  The figure shows the example of HNB GW supported Cell_DCH mobility, but the solution can be adopted also in case of direct interface between HNBs and in case of Cell_FACH mobility.
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Figure 1 –Intra-HNB GW relocation via the HNB-GW in Cell_DCH

The text below explains the procedures shown in Figure 1.  

Such procedures rely on the re-use of IEs used in RNSAP and RANAP protocols. The IEs in question are the RANAP Enhanced Relocation Information Request/Response IEs reported in TS 25.413. These IEs have been designed to enable source and target RNCs to carry out UE relocation without the involvement of the core network, namely all the information needed to relocate a UE from source RNC to target RNC and relative acknowledgement information are contained in these IEs.

It is proposed to take these IEs as reference and to enhance them to suit the HNBAP based enhanced relocation procedure for Intra HNB GW mobility. In this paper this procedure is called HNBAP Relocation.

The building blocks of the HNBAP Relocation procedure are the HNBAP RELOCATION REQUEST and HNBAP RELOCATION RESPONSE (messages 1 to 4).  
The HNBAP RELOCATION REQUEST (message 1 and 2) is sent from the source HNB to the HNB GW and it is forwarded from the HNB GW to the target HNB. The message is formed by a header containing source Cell Identity, target Cell Identity and UE Context ID at the source HNB.  The first two IEs are needed to allow the HNB GW to check that the relocation is between HNBs under its own pool, to allow the HNB GW to check if the mobility is intra CSG (therefore not needing access control) and to allow the HNB GW to route the message to the target HNB (HNB GW is aware of the Cell Identity of each connected HNB). 
In case the mobility is performed in CELL_FACH the header of the HNBAP RELOCATION REQUEST will also contain a U-RNTI IE. This IE will be assigned by the HNB GW before forwarding the message to the target HNB and it will be unique within the HNB GW domain.

The message will also contain a transparent container.  This container will be called HNBAP RELOCATION INFORMATION REQUEST and will have the following main differences from the RANAP ENHANCED RELOCATION INFORMATION REQUEST:

· The Data Forwarding TNL Information is only included in case the procedure is used for relocation over direct interface. In cases of relocation via HNB GW, the HNB GW acts as router between source and target HNBs therefore the source and target HNBs only need to know the TNL address of the HNB GW and such information is not needed. 
· For relocation of CS RABs the corresponding RFCI used in the source is transmitted to the target HNB.  The RFCI IE is also optional

The HNBAP RELOCATION REQUEST also works as an implicit registration of the UE at the target HNB, namely the HNB GW can either assign a new Context ID for the UE at the target HNB or it can reuse the old Context ID.

It has to be pointed out that if inter CSG mobility needs to be supported there might be cases where the HNB GW is not able to assess whether a UE is allowed to relocate to the target CSG ID.  This could be the case of relocation of a CSG UE to a CSG HNB, where the HNB GW does not need to maintain UE subscription information.  If RAN3 decides to support such type of inter CSG mobility a new RANAP procedure will be needed between either the source HNB and the CN or the target HNB and CN or the HNB GW and the CN to assess whether the UE is allowed in the target cell or whether it is a member of the hybrid target cell. This procedure has been marked in Figure 1 as Access Control/Membership Verification Procedure.
As a reply to the HNBAP RELOCATION REQUEST, the HNBAP RELOCATION RESPONSE (message 3 and 4) is sent from the target HNB to the HNB GW and it is forwarded from the HNB GW to the source HNB..
The message is formed by a header containing source Cell Identity, target Cell Identity and UE Context ID at the target HNB.  
The message will also contain a transparent container.  This container will be called HNBAP RELOCATION INFORMATION RESPONSE and will have the following main differences from the RANAP ENHANCED RELOCATION INFORMATION RESPONSE:

· The Data Forwarding TNL Information is only included in case the procedure is used for relocation over direct interface. In cases of relocation via HNB GW, the HNB GW acts as router between source and target HNBs therefore the source and target HNBs only need to know the TNL address of the HNB GW and such information is not needed. 

In case of direct interface between the HNBs, the transparent containers HNBAP RELOCATION INFORMATION REQUEST/RESPONSE message will be exchanged directly as messages between source HNB and target HNB.


Once the HNBAP Relocation preparation has been completed via delivery of HNBAP RELOCATION REQUEST/RESPONSE the source can execute the relocation.  For this purpose, and if there are PS RABs to relocate, the equivalent of the RNSAP RELOCATION COMMIT is needed. Such equivalent procedure will be called HNBAP RELOCATION COMMIT and it will be used by source RNC to execute the Relocation (message 5 and 6).
The HNBAP RELOCATION COMMIT message will be sent from source HNB to HNB GW and forwarded from HNB GW to target HNB..
The message is formed by a header containing source Cell Identity, target Cell Identity and UE Context ID at the source HNB. 
The message will also contain a transparent container.  This container will be called HNBAP RELOCATION INFORMATION and will be an exact copy of the RANAP RELOCATION INFORMATION. In case of direct interface between HNBs, the transparent container HNBAP RELOCATIN INFORMATION will be directly sent as a message from source HNB to target HNB.
After the HNBAP RELOCATION COMPLETE procedure is terminated, RRC reconfiguration procedure between source and target can take place as shown in Figure 1.
Such procedure will be followed by the equivalent of the RANAP ENHANCED RELOCTION COMPLETE.  It needs to be noted that this RANAP procedure is used mainly to inform the CN about the occurred UE relocation and to provides necessary information to the CN to switch the user plane to the target RNC.  However, in the case of intra HNB GW enhanced mobility the CN does not need to be informed of the UE relocation because the CN does not have visibility over HNBs connected to the HNB GW.  In other words to the CN it is as if the UE is always connected to the same eNB, namely to the HNB GW.
Hence, the HNBAP equivalent of the RANAP RELOCATION COMPLETE procedure only needs to inform the HNB GW of the change of transport layer for the forwarding of RAB traffic to the target HNB. In this paper such procedure is called HNBAP RELOCATION COMPLETE (message 7). This message will be composed by a header including the target Cell Identity, the UE context id in the target HNB and an appropriate cause value (e.g. “relocation successful”). The message can optionally contain a RAB Setup List IE, informing the HNB GW of the change in DL transport network layer addresses of the relocated RABs.  Upon detection of this message, HNB-GW swaps UE context from the Source to the target HNB. This message is used both in HNB GW supported mobility and in direct interface mobility.
In the figure below it is shown how the procedures described above can also support CELL_FACH mobility.
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Figure2 –Intra HNB GW relocation via the HNB-GW in Cell_FACH

The differences with respect to the procedures described in Figure 1 are in the HNBAP context retrieve procedure.  This procedure is needed to inform the source HNB of the occurred RRC Cell Update procedure and to provide information about the target HNB. The two extra messages are described below:
1. HNBAP Context Retrieve Request, which contains the target Cell Identity, the UE U-RNTI received from the UE with the Cell Update; the cause for such request (e.g. “Cell Update”); optionally the transport network layer address of the target HNB (for direct interface mobility). 

2. Upon detection of the HNBAP Context Retrieve Request message from the target HNB, HNB-GW tries to find out the source HNB where that UE context is stored. This is done via the U-RNTI parameter. Once resolved, HNB-GW sends the HNBAP Context Retrieve Request message to the source HNB; this message contains the UE Context id in the source HNB, the target Cell Identity and an appropriate cause value, e.g. “context retrieve request”. Upon detection of this message, source HNB starts the relocation procedure as described in the Cell_DCH mobility solution. 

3
Enhanced Relocation Initiation
In this section the process by which the HNB is able to decide whether to start the enhanced mobility towards the target is described.  This process is captured in Figure 1 and Figure 2 under the “Decision to relocate UE to T-HNB within same HNB-GW” box. The figure below describes the procedures involved in making the HNB aware of the necessary details about its neighbour HeNBs.
 
[image: image3]
Figure3 –HNB configuration for Intra GW mobility enhancement support
In Figure 3 some of the OAM configuration procedures executed at HNB power up are shown. 
Message 1 describes the Radio Scan Results reporting from the HNB to the HMS.  The procedure implies that the HNB is aware of the system information of its detected neighbours, such as CSG ID, Cell Identity, PSC etc.
Message 2 describes the process of Neighbour Cell List Configuration from HMS to HNB. During such procedure the HMS configures the neighbour Cell List of the HNB by providing parameters such as RNC ID, CGI, PSC of each of the configured neighbours.  This implies that the HNB is aware of the RNC ID of the neighbours to which a UE might be relocated.  Given that all HNBs under a HNB GW share the same RNC ID of the HNB GW, it is possible for the S-HNB to understand whether a neighbour resides within the same HNB GW domain or not.

Message 3 represents an enhancement of the HNBAP HNB REGISTER REQUEST.  In this enhanced message the HNB informs the HNB GW about its support of the enhanced mobility procedures (via e.g. “Enhanced Mobility Support” IE or, alternatively, via indication of its 3GPP release).  Optionally the HNB can communicate to the HNB GW the Cell Identities of its configured neighbours in order to receive back their CSG IDs, Enhanced Mobility Support capabilities, TNL addresses. 

Message 4 describes an enhancement of the HNBAP HNB REGISTER RESPONSE.  Amongst already standardised parameters, this message contains the following information for each HNB neighbour reported in the HNB REGISTER REQUEST:

· Enhanced Mobility Support capability (alternatively, this can indicate the compliant 3GPP release)
· CSG ID
· TNL addresses
The Enhanced Mobility Support capability is needed in order for the S-HNB to understand whether to start an enhanced mobility procedure towards the target HNB or whether to use the legacy (i.e. Release 9) mobility procedure.

The CSG ID of neighbours is needed by the S-HNB to handle the case of inter-CSG mobility.  For example, if the mobility is towards a HNB supporting a different CSG and if there are no means to perform access control during inter HNB GW mobility procedures, the S-HNB might decide to trigger a legacy mobility procedure.

TNL addresses are needed in case of direct interface establishment between HNBs, where the S-HNB needs to know the TNL address of the target in order to forward enhanced mobility messages appropriately. The TNL addresses indicate the external IP address, if the connection is through a security Gateway, and the internal (to the tunnel) IP address.  

It has to be pointed out that the enhancements applied to the HNB registration procedures to convey to the S-HNB information about its neighbours could be implemented at TR069 level.  Namely the neighbour information could be given to the HNB as part of the Neighbour Cell List configuration. The solution described in this paper works independently of how the HNB receives such neighbour information.  Therefore it is up to RAN3 to choose how such information shall be delivered to the S-HNB. 
Conclusion
In this paper a full stage 2 description of a solution for enhanced intra HNB GW mobility has been provided.
The solution provides the following advantages:

· It has a very low impact on the HNB GW complexity due to the HNB GW almost transparent transfer of relocation information from source HNB to target HNB and vice versa

· It allows for relocation of PS and CS domains within a single procedure. Namely, relocation procedures do not need to be repeated for each domain as with legacy mobility based solutions

· It can mostly be reused in case of direct interfaces between HNBs

· It enables support of enhanced CELL_FACH either via HNB GW or via direct HNB to HNB interface

Proposal1:  It is proposed to select one of two possible mechanisms to configure the HNB with appropriate neighbour information: either via enhanced HNBAP HNB Registration procedure or via enhanced TR069 neighbour cell list configuration
Proposal2:  It is proposed to agree to the solution described in this paper as the solution of choice for the HNB GW based enhanced mobility and to move forward to the drafting of stage 3 details for the solution
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