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1 Introduction 
RAN#47 agreed the introduction of a Rel-10 work item to cover HNB mobility enhancements. Subsequently it has been clarified by the RAN3 chairman that this work item is to focus on the introduction of a direct interface between HNBs to support HNB to HNB HO. This paper discusses this solution and draws a conclusion. 

2 Discussion

It has recently been clarified that the Rel-10 work item agreed in RAN#47 should be focussed on the introduction of a direct interface between HNBs to support HNB-HNB mobility. In Rel-9 the only standardised solution that could be utilised to support inter-HNB mobility is using SRNS relocation via the core network, leveraging the procedure introduced to support inbound HO defined in 25.467, section 5.9.2 [1].
Therefore any possible HNB mobility enhancements should be considered against this existing Rel-9 approach. When performing such an exercise it is obviously worth considering a number of key criteria, as outlined below. 
2.1 Latency

It would be very beneficial for any solution that enhances Inter-HNB mobility to reduce the latency involved when performing the handover procedure. Minimising the latency for HNB mobility is a criteria that has been raised in previous meetings and hence is an important consideration.

The existing Rel-9 solution requires that Relocation messages sent from the source HNB to a target HNB are routed via the operator’s core network domain (MSC, SGSN).

Clearly procedures that involve routing messages via the operator’s core network, which is likely to be geographically remote from the deployed HNBs, is going to introduce a higher latency than compared to a solution that routes messages directly between HNBs.
2.2 Core network impact
The only standardised mechanism defined in Rel-9 for inter HNB HO is SRNS relocation via the core network. Therefore the core network is impacted whenever a UE performs a handover from one HNB to another. This impact may be reasonable when considering residential HNB deployments. Since the number of residences with more than one HNB installed is likely to be low, hence the handover instances are also likely to be low.

However for Enterprise or Mall deployments there are likely to be a much larger number of HNBs deployed in the same location and consequently the number of handover procedures is likely to be significant. Therefore implementing a solution that avoids impacting the core network for Enterprise or Mall handovers would be beneficial. A direct interface provides such a solution.

2.3 Complexity

One of the criteria to compare between performing Inter-HNB HO using SRNS Relocation via the CN and utilising a direct interface is the relative complexities of the two solutions. 
The SRNS relocation procedure utilise existing RUA & RANAP messaging, whereas a direct interface would probably require the introduction of a new protocol. Therefore it could be argued that the direct interface is more complex than using SRNS Relocation via the CN. However this is not necessarily correct, since it is too simplistic to assume that a solution that requires a new protocol is inherently more complex than one that reuses existing protocols. 
In both solutions the source HNB has to initiate the relocation procedure and the target HNB has to allocate resources to accept that relocation. Hence it could be concluded that the impact on the HNB is equivalent for both the CN based & direct interface solutions, since in both cases similar implementation is required to support the relocation of the UE. 

However again this is too simplistic a view when considering all the inter HNB HO scenarios. For example, when considering a relocation involving a UE with both PS & CS bearers the CN based solution requires the source & target HNB to perform two separate SRNS Relocation procedures. Although these procedures are separate, they are inherently linked, for example failure of one of the procedures is likely to impact the other. Therefore both source & target HNB will have to implement additional functionality to manage such events. 
However by introducing a new direct interface & protocol there is more freedom in how the procedures and messages of this new protocol are defined. Therefore multiple bearers can be relocated as part of the same procedure, which would lead to a simpler implementation on both source & target HNB, especially when considering possible failure scenarios. Just such a simplification is what has already been specified in RNSAP [2] for the Enhanced Relocation procedure 

2.4 Number of messages involved in procedure
R3-10xxxx [3] provides an analysis of the number of messages & associated IEs involved in the SRNS Relocation procedure via the CN and via a direct interface. The paper concluded that a direct interface requires significantly fewer messages & IEs than the current solution using SRNS Relocation via the Core network. 
This difference is amplified when again considering relocation of a UE with both CS & PS bearers. As before, a significant cause of the SRNS relocation procedure via the core network being less efficient is the reliance on using existing messages & IEs, which somewhat obfuscates the information that is critically important when relocating a UE between HNBs.
The number of messages & IEs involved in a procedure has a direct translation into the relative processing loads on the nodes involved in those procedures. Hence it can be concluded that using a direct interface reduces the processing load on the impacted nodes compared to the SRNS Relocation procedure via the CN. 
2.5 Signalling load on HNB-GW
The HNB-GW is a critical element within the HNB RAN as it provides the interface between the HNBs and the operator’s CN nodes. Therefore all signalling between the HNBs & CN is routed via the HNB-GW. Hence the SRNS Relocation procedure via the CN also has an impact on the HNB-GW since the RANAP messages sent from the Source HNB as RUA message payloads are routed via the GW to the relevant CN node and similarly RANAP messages from the CN are routed via the GW as RUA payloads to the Target HNB. 
In comparison the direct interface solution does not route messages to the CN. Hence the signalling load on the HNB-GW is reduced compared with SRNS Relocation via the CN.

2.6 Future enhancements

One of the considerations when evaluating the introduction of a direct interface between HNBs for relocation purposes is whether such an interface can be enhanced to support additional functions. In RAN#68 one of the functions that was suggested as relevant for a direct interface was Soft Handover [4]. Clearly such a function could not be supported via the CN, but could be supported if a direct interface was introduced.
2.7 Summary

	Criteria
	Handover via direct interface
	Handover via CN

	Delay introduced during HO procedure
	(
	(

	Number of messages involved in procedure (processing load)
	(
	(

	Impact on CN
	(
	(

	Complexity
	(
	(

	Signalling Load on HNB-GW
	(
	(

	Future enhancements e.g. SHO
	(
	(


The previous discussion and summary comparison table highlights that utilising a direct interface between HNBs is a valid enhancement for Inter-HNB mobility. 

3 Conclusion
This paper concludes that the implementation of a direct interface between HNBs as a solution to enhance HNB mobility is indeed beneficial and hence further discussions should be held on the actual procedures, messages etc that can be defined to support such a solution. The direct interface architecture solution is presented in R3-100xxx and the associated relocation procedure in R3-10xxx
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