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1 Introduction 
One of the key Release 9 work items for RAN3 is HNB to HNB connected mode handover. 

It is expected that this function is typically used for commercial deployments (e.g. in an office) when UE mobility between HNBs without interruption to on-going sessions is important.

This paper describes two potential procedures for HNB to HNB connected mode handover, both of which avoid using RANAP, and makes a proposal based on the comparison.

2 Discussion

HNB to HNB handover is one of the functions defined in the RAN3 Release 9 work item [1], and as such it is necessary to specify a procedure to support that function. Two potential solutions are discussed here. 
The first makes use of an architectural solution for a direct interface between HNBs for HNB to HNB handover which is introduced in [7]. 
The second solution uses the existing Iuh interfaces within the HNB RAN.

2.1 Handover via the Iuhr interface 

This solution makes use of the proposed new logical interface, the Iuhr, as described in [7] to support the handover procedure between HNBs. In addition it is also proposed that a new application protocol, HNBRAP, is used to support the handover procedure. This discussion therefore builds on the proposals from that contribution. 

The HNBRAP messages used in the procedure draw upon the enhanced relocation procedures defined in [4]. 
The following diagram illustrates the procedure.
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Figure 1 – HNB to HNB Handover via Iuhr interface
1. Source HNB sends HNBRAP Relocation Request message to the identified target HNB to prepare the Target for a relocation.

Note: How the source HNB identifies the target HNB is out of scope for this procedure
2. Target HNB optionally queries the HNB-GW to perform access control for the UE that is being handed over.

Note: This step is optional as the target HNB may not need to query the HNB-GW, for example if the target HNB supports Access Control (AC) for non-CSG UEs it can perform that function. Or if the target HNB has the same CSG Id as the source HNB then it may decide that it does not need to perform AC for the UE.
3. The HNB-GW responds to the AC query.

4. Target HNB sends HNBRAP Relocation Response back to the source HNB to indicate that it has successfully prepared the relocation.

5. Source HNB reconfigures the UE to commence the handover procedure.

6. Source HNB sends HNBRAP Relocation Commit, to commit the relocation preparation on the target HNB, this message can also optionally include information to aid the relocation procedure. 

7. At some point later Layer 1 synchronisation is achieved between the UE and the target HNB. At which point the target HNB updates the transport network layer information for any RABs that have been relocated to it by sending a HNBAP TNL Update Info message to the HNB-GW.

8. UE then completes the RRC reconfiguration procedure by sending an RRC Radio Bearer Reconfiguration Complete message to the target HNB.
9. Target HNB indicates to the HNB-GW that the UE has successfully relocated via the HNBAP UE Register procedure.
10. HNB-GW accepts the HNBAP UE Register Request and provides the Context Id for the UE to the target HNB.

11. Target HNB indicates to the source HNB that the UE has successfully relocated by sending an HNBRAP Relocation Release message.

12. Source HNB sends an HNBRAP Signalling Transfer message to the target HNB to transfer any L3 information that the source HNB may have received during the relocation procedure.
The procedure outlined above satisfies has the following benefits:
· The number of signalling messages is minimised within the HNB RAN, reducing the impact and complexity on the HNB RAN elements.

· Access control is optimised as it is up to the target HNB to decide whether it needs the HNB-GW to perform access control or not. So if for example the target & source HNBs are part of the same CSG the target HNB does not necessarily have to perform access control for the UE.

· It simplifies error handling within the HNB RAN as the impacts of e.g. relocation preparation failure or RB reconfiguration failure can be limited to the HNBs themselves.

· It does not require the implementation of CN functions on the HNB-GW.

· The solution leverages the benefits envisaged with the introduction of the RNSAP enhanced SRNS relocation procedures.

· The solution has synergies with LTE which has defined an X2 interface between eNBs. Hence it allows the definition of a common solution with LTE, in that an HeNB-GW is an optional element and therefore it would make sense to define a solution that does not mandate the deployment of an HeNB-GW. 

2.2 Handover via the Iuh interface 

An alternative solution is to utilise the existing interfaces in the HNB RAN. This therefore means sending handover messages over the Iuh interface between source HNB and HNB-GW and then subsequently over the Iuh interface between HNB-GW and target HNB. A suitable way would be to extend the existing HNBAP protocol to add new messages to support this relocation function.

The following diagram illustrates the procedure.
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Figure 2 – HNB to HNB Handover via Iuh interfaces

1. Source HNB sends HNBAP Relocation Request message to the HNB-GW over an existing Iuh interface including the identity of the target HNB.

Note: How the source HNB identifies the target HNB is out of scope for this procedure, but is likely to be based on measurement information from the UE.

2. HNB-GW performs access control for the UE being relocated, and uses the information provided by the source HNB to identify the target HNB, to which it sends a HNBAP Relocation Request message, including the identity of the source HNB.

3. Target HNB sends HNBAP Relocation Response back to the HNB-GW to indicate that it has successfully prepared the relocation. Target HNB also includes the identity of the source HNB.

4. HNB-GW forwards the HNBAP Relocation Response to the source HNB.

5. Source HNB reconfigures the UE to commence the handover procedure.

6. Source HNB sends HNBAP Relocation Commit to the HNB-GW , to commit the relocation preparation on the target HNB, this message can also optionally include information to aid the relocation procedure. 

7. HNB-GW forwards the HNBAP Relocation Commit message to the target HNB.

8. At some point later Layer 1 synchronisation is achieved between the UE and the target HNB. At which point the target HNB updates the transport network layer information for any RABs that have been relocated to it by sending a HNBAP TNL Update Info message to the HNB-GW.

9. UE then completes the RRC reconfiguration procedure by sending an RRC Radio Bearer Reconfiguration Complete message to the target HNB.

10. Target HNB indicates to the HNB-GW that the UE has successfully relocated via the HNBAP UE Register procedure.

11. HNB-GW accepts the HNBAP UE Register Request and provides the Context Id for the UE to the target HNB.

12. Target HNB indicates that UE has successfully relocated to it by sending an HNBAP Relocation Release message to the HNB-GW.

13. HNB-GW forwards the HNBAP Relocation Release message to the source HNB.

14. Source HNB sends an HNBAP Signalling Transfer message to the HNB-GW to transfer any L3 information that the source HNB may have received during the relocation procedure.

15. HNB-GW forwards the HNBAP Signalling Transfer message to the HNB-GW.

The procedure outlined above has the following benefits:

· It reuses existing interfaces, namely the Iuh between HNB and HNB-GW.

· It extends an existing protocol, HNBAP.

· Adding new messages to HNBAP allows flexibility in tailoring them to the needs of the HNB, and can reuse some of the concepts and ideas from the RNSAP enhanced SRNS relocation procedure messages [4].

· The HNB-GW can perform Access Control of the UE on behalf of the target HNB when it receives the first message in the procedure.

· It does not require the implementation of CN functions on the HNB-GW.

2.3 Comparison 

	Criteria
	Handover via Iuhr
	Handover via Iuh

	Delay introduced during HO procedure
	(
	(

	Number of messages involved in procedure
	(
	(

	Impact on HNB-GW
	(
	(

	Impact on HNB
	(
	(

	Opportunity for common solution between HNB & HeNB
	(
	(

	Impact of handling failures during HO preparation + procedure
	(
	(


Based on the comparison table the solution involving handover via the Iuhr would appear to more beneficial than the solution using the Iuh.
3 Proposal

This document compares two solutions for HNB to HNB handover, one utilising a direct interface between the HNBs and the other routing messages via the HNB-GW. The solution involving the direct interface appears to have more benefits than the one using the Iuh. Hence it is proposed that this solution is agreed and the relevant updates to 25.467 & 25.469 captured in R3-091514 & R3-091620 are also agreed.
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