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1
Introduction
Three candidate solutions have been put forward for enhanced HNB to HNB mobility in Release-10.   These can be briefly summarized as follows:

1. RANAP-based solution [1]: Reuse existing RANAP relocation procedures, with HNB-GW assuming the relevant CN functionality to terminate the relocation procedures locally.  All signalling via HNB-GW, no direct HNB-HNB interface.  HNB-GW also performs Iu-UP interworking between CN and HNB. 

2. HRNSAP-based solution [3]: New HRNSAP defines HNB-specific Relocation procedures in new HRNSAP for use over new direct Iuhr interface between HNBs and provides  RUA-like adaptation. Support for Iu-UP warm-start in target HNB using functionality in HRNSAP.  Possibility to use RNSAP procedures, that are not provided by HRNSAP, over Iurh.  Limited involvement by HNB-GW.
3. RNSAP-based solution [2]: Reuse existing RNSAP/RANAP Enhanced Relocation protocol functions over new Iurh interface between HNBs with direct- and GW-connectivity options via a new RUA-like adaptation layer (RNA).  RANAP modified to support Iu-UP warm-start in target HNB.  Possibility to use any RNSAP procedure on Iurh. Limited involvement by HNB-GW.

This discussion paper analyses the latest proposals for the candidate solutions put forward for the RAN3#70 meeting.
2
Discussions 
Each of the candidate solutions can be considered against the following design objectives and principles for enhanced HNB to HNB mobility:
(a) No involvement of the CN in intra-HNB-GW, inter-HNB mobility.
(b) Reuse of concepts and definitions from existing specifications.

(c) Impact on existing protocols/specifications and implementations.

(d) Support for hard HO.  Support for soft HO.
(e) Scalability and deployment flexibility for various scenarios, e.g. enterprise, campus, mall.

(f) Extensibility and alignment with inter-HeNB mobility.


Each of the candidate solutions satisfy principle (a) in full.  The following tables considers each of the candidate solutions in terms of their impact on the HNB and HNB-GW with respect to the principles (b) – (f) above.
	
	RANAP Based solution [1]

	HRNSAP based solution [3]
	RNSAP based solution [2]


	HNB Impacts


	C-Plane Impacts
	- RANAP relocation procedures for inbound & outbound mobility re-used for inter-HNB mobility.

	- New IuhrNote 2 interface. 
- New HRNSAP functionality added which combines RUA-like adaptation and HNB-specific enhanced relocation procedures.

- Use of RANAP for inbound and outbound mobility unchanged.

- Possibility to use unchanged RNSAP over Iuhr.


	- New Iurh Note 2 interface together with RUA-like RNA adaptation layer.

- Standardised RNSAP functionality added, with enhanced relocation procedure used for inter-HNB mobility.

- Use of RANAP for inbound and outbound mobility unchanged.
- Possibility to use unchanged RNSAP over Iurh.



	
	U-Plane Impacts
	- Iu-UP procedures for inbound & outbound mobility re-used for inter-HNB mobility.  Target HNB performs Iu-UP initialisation on handover.


	- Iu-UP warm-start capability added to new HRNSAP enhanced relocation procedure. 

- No Iu-UP initialisation for inter-HNB handover.
	- Iu-UP warm-start capability added to existing RANAP enhanced relocation procedure.   
- No Iu-UP initialisation for inter-HNB handover.

	HNB GW Impacts


	C-Plane Impacts
Note1
	- CN functionality added to allow HNB-GW to terminate inter-HNB RANAP relocation procedure locally.  
- Inbound and outbound relocation unchanged.

- HNB-GW assumes CN functions for control of Trace, Location Reporting and RAB Data Volume Reporting. 
- HNB-GW needs to store relevant context data and provide it to target HNB following handover (trace, LCS)  or
- accumulates data volume reports and intercepts RAB ASSIGNMENT RESPONSE and IU RELEASE COMPLETE RANAP messages (to CN) and modifies data volume report information.

	- New HNBAP procedures for access control and to complete enhanced relocation at HNB-GW.

- New HNBAP procedure for HNB discovery ahead of inter-HNB handover.


	- New HNBAP procedure to complete enhanced relocation at HNB-GW.

- HNBAP functionality added to collect and provide neighbouring cell lists (to HNBs). 
(can be regarded as “add on” feature)
- Addition of RNA routing for Iurh via HNB-GW.

 

	
	U-plane impacts
	- HNB-GW intercepts and locally terminates Iu-UP Initialisation for inter-HNB handover.  
- Iu-UP Initialisation for inbound and outbound relocation unchanged.

- HNB-GW implements Iu-UP interworking for relevant UEs involved in inter-HNB mobility.

	HNB-GW not involved in Iu-UP (RNL  level).

	HNB-GW not involved in Iu-UP (RNL level).


	Functional impact
	- Reuse of existing RANAP relocation procedure, centred around HNB-GW.
- No direct interface between HNBs. 
- Assumes low latency transport between HNBs and HNB-GW and low latency processing in HNB-GW for control and user-planes. 
- Performance could be comprised if this is not the case, due to full RANAP relocation procedure (one per CN domain) and Iu-UP initialisation.


	- Use of new HRNSAP enhanced relocation procedure over direct Iuhr interface.
- Iu-UP warm-start avoids need for user-plane Initialisation by target HNB. 

- Assumes low latency transport between source and target HNB for direct Iurh. 
- Option for routing of Iurh via SeGW may result in additional latency.
	- Use of existing RNSAP enhanced relocation procedure over Iurh interface.  
- Iu-UP warm-start avoids need for user-plane Initialisation by target HNB. 
- Assumes low latency transport between source and target HNB for direct Iurh. 

- Option for routing of Iurh via HNB-GW and/or SeGW may result in additional latency.



	Deployment Flexibility
	Uses existing HNB to HNB-GW connection and existing Rel-10 security measures but lacking the possibility to introduce a direct HNB-to-HNB interface.


	Direct interface between neighbouring HNBs.   May be routed via SeGW.  

NOTE: No standardised security in Rel-10 for direct interface.

	Direct interface between neighbouring HNBs.   May be routed via HNB-GW and/or SeGW.  

NOTE: No standardised security in Rel-10 for direct interface.



	Extensibility & Alignment with inter-HeNB mobility.
	- Future extensions will require changes to RANAP or addition of new mobility procedures.

- Not aligned with horizontal X2 principles for HeNB.
	- Option of using existing RNSAP procedures or adding new, HNB-specific procedures to HRNSAP.

- Able to use full range of RNSAP procedures with minimal/no standardisation effort, e.g. support for Drift HNB.
	- Able to use full range of RNSAP procedures with minimal/no standardisation effort, e.g. support for Drift HNB.

- Use of Iurh routed via HNB-GW may allow future support for inter-HNB-GW and other kinds of mobility scenarios.




Note 1 : TNL update, U-RTNI management and lookup similar level of effort for all candidate solutions.
Note 2: don’t get confused, the HRNSAP proposal indeed talks about an Iuhr interface, the RNSAP proposal about an Iurh interface.

The RANAP-based solution imposes the least standardisation effort and fewest changes to the HNB.  However, it requires significant change to the HNB-GW as a result of (at least partially) terminating RANAP and Iu-UP.  The central role of the HNB-GW with respect to Iu-UP interworking and relocation procedures could potentially affect scalability and performance.  Deployment flexibility is unchanged from Rel-9.  Limited scope for future extensions.
The HRNSAP-based solution introduces HNB-specific relocation procedures similar to those defined in RNSAP.   HRNSAP involves more changes to the HNB but fewer changes to the HNB-GW.   This solution derives scalability and performance benefits from the use of a direct Iuhr interface and distributed control for inter-HNB mobility.  Future extensions may be introduced by the adoption of standardised RNSAP procedures or introduction of new HRNSAP procedures.  Care would be needed to ensure interoperability and prevent duplication of RNSAP and HRNSAP procedures.

The RNSAP-based solution imposes a slightly higher initial standardisation effort.  RNSAP involves a similar level of changes to the HNB and HNB-GW as the HRNSAP solution.  Similar scalability and performance benefits are also realised via the use of a direct Iurh interface and distributed control for inter-HNB mobility.  The option for routing Iurh via the HNB-GW provides additional deployment flexibility.  Future functionality maybe extended to include additional RNSAP procedures, with little or no standardisation effort.
3
Conclusion and Proposals

In this paper, we have analysed the way forward for much discussed Optimised HNB to HNB mobility solution for release-10.  The key differentiators between the candidate solutions are (a) reuse of existing concepts and procedures, (b) centralised vs decentralised mobility and (c) scalability and extensibility.
Based on the above discussions it is proposed:
Proposal 1: As a way forward, RAN3 shall adopt “RNSAP based solution” for release-10 mobility enhancements as it provides the most flexible, scalable and extensible solution.
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