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1 Introduction

The meeting minutes of RAN3#69 the way forward for enhanced HNB-to-HNB Mobility (Agenda Item 12.2) requests to show the benefits of exchanging neighbour information between HNB and HNB-GW. This contribution is heading to provide the advantages of this proposal especially compared with the deficiencies of using the HMS provided information only.
2 Discussion

2.1 Issues to be solved

Enhanced HNB-to-HNB mobility should be supported, for a group of geographically adjacent HNBs served by the same HNB-GW, with overlapping coverage areas, and broadcasting the same CSG-ID.
· Primary Scrambling Code (PSC) used by neighboring HNBs needs to be known.
· Misplacement of HNBs resulting in different neighbor relations needs to be taken into account.
· Addition/removal of HNBs needs to be simple.
This paper discusses these issues based on different approaches from administrative perspective. It also considers impacts on the different proposals to achieve enhanced mobility:

· RANAP based [2]
· HNBAP based [3]

· Direct interface based [4]

· HMS provides information about NB and HNB neighbor relationships to HNB.

· HNB-GW is informed, if required, via its own management system about neighbor relations of HNBs.
· HNB-GW is informed, if required, by the HNB during registration about neighbor relations.

· HMS provides information about NB neighbor relation ships to HNB.
· HNB detects neighboring NBs and also HNBs during startup using Network Listen Mode (NLM) or performing periodic scan. HMS and also HNB-GW are informed about neighbors detected.
· HNB-GW is able to inform HNBs about changes in the neighbor relations based on UE measurements performed upon request of neighboring HNBs if this information is made available to the HNB-GW.
Note: This contribution assumes in a first step that all neighboring HNBs broadcasting the same CSG-ID have identical capabilities with respect to HNB-to-HNB mobility. In a second step strategies will be shown how to gradually introduce HNB-to-HNB mobility.

2.2 PSC handling in the TR-196 Object Model
Based on the object model for HNBs as defined in TR-196 [1] the figure below shows relevant decisions, based on parameter value settings, to let the HNB determine the actually used Primary Scrambling Code. Reason for looking into these details is the fact that the PSC is used in the neighbor lists and also broadcasted in the system information blocks. It is also used to in requesting UE measurements.
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2‑1: Decision tree for HNB for PSC value selection

In case the HNB has the capability to configure the PSC value autonomously, the HMS needs to set the “PSCSelfConfigEnable” parameter to “False” in order to force to HNB to use the HMS provided PSC value. Only in doing this, neighbor lists could be generated in advance, having the PSC parameter set to those values actually used by the HNB.
Essentially the TR-196 object model has been designed having the macro NBs in mind as the configuration of these nodes is not going to be changed frequently. Neighbor relations and PSC values used are not subject to self configuration by the node, but are carefully determined during network planning.

2.3 Technical discussion
2.3.1 Neighbor Lists provided by the HMS
The deployment scenario “enterprise HNB network” is usually considered as coordinated deployment where all neighbor relations are fully planned, hence it might be acceptable to require the HNBs to use the preconfigured PSC values only. However, with regard to neighbor cell lists, the use of preconfigured lists still seems not favorable for reasons described below. To simplify deployment neighbor cell lists in an “enterprise HNB network” should be generated in a flexible way to allow for selfconfiguration of the other HNBs forming the “enterprise HNB network”.
The HMS identifies an HNB by its TR-069 “Device ID” that is used as primary key to retrieve the information to be downloaded to this HNB. Considering the deployment process of HNBs in an enterprise, the operator would need to not only have the street address of the enterprise but also an exact floor plan along with the information in which room to install an HNB with given Device-ID. Otherwise the neighbor list would not be correct and the HNB requests measurements from the UE for PSC values of cells that are never target for an HO.
As the maximum number of neighboring nodes that could be broadcasted or requested in measurement control is 31, it is not considered feasible to broadcast e.g. all nodes on a given floor and additionally those from the floor above and below, Additionally this negatively impacts the duration and accuracy of measurements by the UE. 
In the following pictures it is assumed that the HMS assigns the PSC statically based on the HNB-ID and based on that the neighbor lists are generated and provided to the HNBs. Only two distinctions need to be made:
· Neighbor list generated identical for all HNBs at the site, assuming all could be target for HO;

· Neighbor list generated individually per HNB, consisting only of HNBs that could be target for HO.

The following picture assumes the individual generation of neighbor lists per HNB to take into account only those neighbors that might be target in an enhanced HO.
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2‑2: Neighbor list individually generated per HNB

The following picture assumes the individual generation of neighbor lists per HNB to take into account only those neighbors that might be target in an enhanced HO.
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2‑3: Effect of wrongly deployed HNB to individually generated neighbor list
Only in case the neighbor list is not individually generated per HNB, this “misplacement” is of no relevance.
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2‑4: Deployment example requesting the UE to measure all cells
Expanding or shrinking the mesh by adding/removing HNBs, is not visualized, but it is obvious that such actions impact the configuration data of all HNBs forming the mesh.

The pictures clearly show that providing neighbor cell lists from the HMS requires a static assignment of PSC values and also a strict control to ensure that a specific HNB is installed at the planned location to have the planned neighbor relations. 

To get the benefits of HNB devices with respect to self configuration a more flexible solution is required.
2.3.2 Enhanced Neighbor List generation procedures
As an HNB is required to perform a scan of the radio environment during startup (NLM), it already has the basic functionality to not only detect macro neighborhood, but also neighboring HNBs in a dense enterprise environment. Currently TS 25.469 [5] already allows to report details of the macro environment as detected by the HNB.
Having seen the deficiencies of preconfiguration of Neighbor Lists, it is obvious that in case the HNB also reports neighboring HNBs, the HNB-GW could easily collect information about all HNBs currently registered with the HNB-GW and supporting the same CSG-ID. Neighboring cell discovery can get even easier with the introduction of 3G Automatic Neighborhood Relation (ANR) function which is now being discussed by RAN2 [6]. The differentiation between eNBs and HNBs is straight forward in case the split of PSC range is used for CSG cells. Even more, having the information about currently registered HNBs serving a given CSG-ID would also allow the HNB-GW to inform the HNB about neighboring nodes that have not been detected by the HNB during the initial scan (e.g. HNB was not registered). The introduction of ANR enabling dynamic neighbors addition is yet another reason supporting reporting of discovered neighboring cells.
Additionally, if the HNB indicates during registration whether it supports enhanced HNB-to-HNB mobility, also the smooth introduction of enhanced mobility by sequentially upgrading HNBs could be handled.
It seems therefore highly desirable that HNBs and HNB-GW communicate parameters relevant for HNB-to-HNB mobility between each other. As HNBs even in an enterprise environment could not be assumed to be never switched off, the asynchronous update of information about changes in registered HNBs, serving a given CSG-ID, should be supported.
3 Conclusion

Proposal-1: It is proposed to let the HNBs detect neighbors dynamically and communicate them to the HNB-GW and optionally notify the HMS.

Proposal-2: The HNB location information contained in the HNB REGISTER REQUEST message should be explicitly allowed to contain information about adjacent HNBs and convey the PSC parameter as optional value.
Proposal-3: HNBs should communicate parameters relevant for HNB-to-HNB mobility to the HNB-GW. At least the PSC value should be added to the HNB REGISTER REQUEST message.

Proposal-4: It is proposed to introduce enhancements to enable the HNB-GW to inform HNBs about potential neighboring nodes. This information exchange should be conveyed in a new HNBAP message conveying HNB update information.
Proposal-5: It is proposed that HNBs should be able to optionally indicate in HNB REGISTER REQUEST that they are supporting the enhanced HNB mobility procedure.
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