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1
Background
The HNB positioning for UTRA WI in RP-130868 includes as one objective “Consider support of HNB positioning as well as UE positioning”.
The ability to position an HNB is already required as part of normal HNB operation for HNB registration with an HNB-GW (see 3GPP TS 25.467). This may be used to verify that an HNB is permitted to use licensed operator spectrum at its current location. The location methods described in TS 25.467 comprise use of UTRAN and/or GERAN macro cell IDs detectable by an HNB, standalone location (e.g. using GPS) to obtain geographic coordinates and use of the HNB IP address to imply some location area. The methods based on use of macro cell IDs and IP address will normally have only coarse accuracy – e.g. a few hundred meters at best.  Standalone location using GPS or other GNSS systems (e.g. Glonass, Galileo) will normally be reliable and accurate outdoors but indoors (where an HNB will normally be located) will be handicapped by signal attenuation and multipath. In particular, an HNB will need to demodulate and decode navigation data broadcast from at least one satellite in order to determine its location from (e.g. 4 or more) measurements of different satellites. The ability to demodulate satellite signals will not always be possible indoors. Hence existing support of HNB positioning will not always be very accurate leading to the following observation.

Observation 1: existing methods of HNB positioning defined in TS 25.467 will not always be very accurate.
To improve GPS or GNSS accuracy and yield indoors, assistance data may be provided from a server – e.g. navigation data and acquisition assistance data as already defined for A-GPS and A-GNSS support with UTRA in 3GPP TS 25.331 and 25.453.  The assistance data could be provided in a proprietary manner or using the OMA SUPL solution or might be provided using a control plane solution via a small extension to the HNB positioning WI described further on here. Whatever solution is employed would have to be implemented and this would come at some cost to a vendor and possibly operator. Further, there may not be much to choose between these 3 methods (proprietary, OMA SUPL, control plane) in terms of implementation and testing but there may be different preferences by operators – e.g. an operator with an SAS might prefer control plane positioning whereas an operator with a SUPL SLP might prefer SUPL positioning. This suggests that all three methods are equally valid, leading to another observation.
Observation 2: use of a control plane solution for HNB positioning is in principle no less justified than use of proprietary positioning or positioning using OMA SUPL.
2
Benefit of Accurate HNB Positioning 
Normally an approximate HNB position will suffice to determine whether an HNB is within a licensed operator area but there may be occasions where an HNB is near the edge of or just outside a licensed area and where a more accurate location will be beneficial to determine which of these applies.
To support location of a UE (e.g. for an emergency call), an accurate HNB location may be of benefit either to serve as an approximation of the UE location or to assist in locating the UE using enhanced Cell ID (E-CID) based methods. For example, for a UE that is served by an HNB and/or is nearby to and able to receive signals from other HNBs, HNB signal measurements may be provided by the UE that can locate the UE at a server (e.g. SAS) using E-CID.

If an HNB position is not accurately known (e.g. is known only to within a few hundred meters), then accurate location of a UE (e.g. for an emergency call) will require accurate positioning of the UE using A-GPS or A-GNSS in the case of UTRA access. While such location will be supported by other aspects of the HNB positioning for UTRA WI, it will not always succeed – e.g. for a UE located deep inside a building. On the other hand, the HNB serving the UE or other nearby HNBs may be positioned with greater ease than the UE, taking advantage of better antenna characteristics and a much greater interval of time within which to successfully acquire satellites in suitable positions (e.g. via a nearby window). Hence for these cases, positioning of a UE using an accurate HNB location may be a good alternative.
The above evaluation leads to a third observation.

Observation 3: there can be significant value in improving the accuracy of HNB positioning to assist in more accurate positioning of UEs and in some cases to better evaluate whether an HNB is in a licensed operator area.
3
HNB Positioning Methods
HNB positioning methods should ideally be simple extensions to positioning of a UE for UTRA access that add little or no new standards impacts. Three such methods are described here.

3.1
HNB Positioning via UE positioning

This method was suggested in R3-131265 at RAN3#81. In essence the location of a UE, positioned accurately using A-GNSS, can be used as an approximation for the serving HNB location. Possibly successive UE locations might be averaged to partially remove the error introduced by the UE-HNB distance – but this will only work well when UEs can be independently positioned in several different directions from an HNB (e.g. it will not work well when only UEs in one general direction can be positioned such as a direction towards a window in a building). The ensuing location may then be used to help locate other UEs for which UE positioning fails. This method does not require any standards changes and so can be implemented by an HNB vendor without condition. However, it depends on an HNB being at a location where at least some UEs can obtain their own location, causes problems for positioning of other UEs prior to HNB location and is generally likely to produce less accurate location than use of A-GNSS by a HNB due to better HNB antenna design, unrestricted time for satellite acquisition and no UE-HNB distance error factor.

3.2
HNB Positioning using RNC Centric PCAP Procedures

This method employs existing RNC centric PCAP procedures from 3GPP TS 25.453 to enable an HNB to obtain A-GNSS assistance data from an SAS and, optionally, to have the SAS compute a location estimate. The method is illustrated in Figure 1 and makes use of the proposed signaling architecture for HNB positioning proposed at RAN3#81 in which PCAP is used end to end between an HNB and SAS via an HNB-GW which serves only to relay the PCAP messages.
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Figure 2 – HNB Positioning using PCAP RNC Centric Procedures
In steps 1 and 2, the existing PCAP Information Exchange procedure is used by an HNB to request specific A-GNSS assistance data from an SAS. The approximate initial position allowed in the PCAP information exchange initiation request in step 1 (e.g. to enable the SAS to compute any GNSS acquisition assistance data) could be the approximate HNB position calculated from existing methods as described earlier. In step 3, the HNB makes measurements of GNSS satellites using the assistance data received in step 2 and then either computes a position itself using the A-GNSS assistance data or optionally invokes an existing PCAP Position Calculation procedure in steps 4 and 5 to have the SAS compute a position from the measurements.
There are no standards changes for this method once a method of transporting PCAP messages between an HNB and SAS via an HNB-GW has been defined for the rest of the HNB positioning WI. However, as an option, an HNB indication might be included in the PCAP Position Calculation Request message if used in step 4 (e.g. using a reserved range of IMSI or IMEI values in the message) to notify the SAS that position calculation is requested for an HNB. The SAS could then store the HNB location which could later be used to assist in positioning of a UE served by or nearby to the HNB. In fact for UE positioning purposes, an HNB location could be more useful in the SAS than in the HNB (though a serving HNB could still send its location to the SAS when invoking positioning of a UE using existing parameters for E-CID positioning).
The procedure in Figure 1 aligns with RNC centric positioning of a UE in the sense that an HNB would need to support the same PCAP interactions with the SAS to support UE positioning. Hence this method of supporting HNB positioning should be easier to implement if an HNB will support RNC centric positioning of a UE.

3.3
HNB Positioning using SAS Centric PCAP Procedures

This method employs existing SAS centric PCAP procedures from 3GPP TS 24.453 to enable an HNB to obtain A-GNSS assistance data from an SAS and, optionally, to have the SAS compute a location estimate. The method is illustrated in Figure 2 and makes use of the proposed signaling architecture for HNB positioning proposed at RAN3#81 in which PCAP is used end to end between an HNB and SAS via an HNB-GW that acts a relay.
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Figure 2 – HNB Positioning using PCAP SAS Centric Procedures

In step 1, the HNB invokes SAS centric positioning and provides its positioning capabilities (e.g. A-GNSS including whether UE assisted, UE based and for which GNSS systems and GNSS signals), current serving cell ID (e.g. the assigned HNB cell ID) and required QoS to the SAS. The SAS can then invoke positioning by returning a PCAP position activation request to the HNB in step 2. If A-GNSS positioning is invoked, the SAS would typically include A-GNSS assistance data in this response compatible with the A-GNSS positioning capability of the HNB indicated in step 1. If the HNB had indicated UE based A-GNSS capability, the assistance data could include GNSS navigation data. If only UE assisted A-GNSS was indicated as supported, the assistance data could include A-GNSS satellite acquisition assistance data. At step 3, the HNB makes GNSS measurements with the help of the assistance data and may compute a location estimate. The measurements or location estimate are then returned to the SAS at step 4 in a PCAP position activation response message. If not enough assistance data was provided in step 2, the HNB can request more assistance data at step 4 in which case steps 2-4 can be repeated with more assistance data being sent. At step 5, the SAS computes or verifies a location estimate and returns it to the HNB.

A potential disadvantage of SAS positioning is that the SAS may invoke E-CID based positioning at step 2 which assumes that a UE is being positioned that has serving Node B able to return such measurements as RTT, TA, AOA, RSCP and/or E/N for a UE. These measurements do not normally apply to an HNB and hence the HNB could have to return a failure indication to the SAS (which is allowed in PCAP). This would not only waste time but might in some implementations lead to a failure of positioning. To avoid this, the HNB could indicate that positioning of an HNB is intended in step 1 by including an IMSI or IMEI value from within a reserved range or by including an existing Client Type IE with a new value assigned to indicate HNB positioning which would be a simple change to TS 25.453. The SAS, knowing that an HNB was being positioned, could then avoid invoking E-CID positioning and could also store the final HNB position in association with the HNB cell ID for future use in positioning of a UE.
In order to provide the SAS with an initial approximate location of the HNB (which as mentioned earlier can be needed to enable an SAS to compute A-GNSS acquisition assistance data), the E-CID method could be invoked by the SAS with a request for few or no measurements (allowed in PCAP and based on the SAS knowing that positioning is for an HNB) which would enable the HNB to include any initial approximate location in the response. 

SAS centric positioning of an HNB as just described can be just as accurate as RNC centric positioning with only minor enhancements of PCAP needed to inform an SAS that positioning is for an HNB.

The procedure in Figure 2 aligns with SAS centric positioning of a UE in the sense that an HNB would need to support the same PCAP interactions with the SAS to support UE positioning. Hence this method of supporting HNB positioning should be easier to implement if an HNB will support SAS centric positioning of a UE.

3.4
Comparison of HNB Positioning Alternatives

Table 1 compares the 3 methods described above.
	Objective
	Use of UE Positioning
	RNC Centric Positioning
	SAS Centric Positioning

	Standards Impacts
	None
	None or minor to indicate a reserved IMSI/IMEI range to identify HNB positioning
	Minor to indicate HNB positioning using a reserved IMSI/IMEI range or a new Client Type IE value

	Accuracy
	Errors or failure possible from inability to locate UEs independently and/or from UE-HNB distance error
	Can achieve limit of A-GNSS positioning accuracy
	Can achieve limit of A-GNSS positioning accuracy

	Alignment with UE positioning
	Full alignment with RNC centric and SAS centric methods
	Aligns with use of RNC centric positioning
	Aligns with use of SAS centric positioning


Table 1 – Comparison of HNB Positioning Methods
The methods have little or no standards impacts and each have uniquely distinct benefits with respect to accuracy and alignment with UE positioning. This leads to the following observation.

Observation 4: HNB positioning using independent UE positioning, RNC centric PCAP positioning and SAS centric PCAP positioning have minimal or no standards impacts and different unique benefits that make each method potentially suitable for particular conditions. 
4.
Proposals
The following four observations have been made.
Observation 1: existing methods of HNB positioning defined in TS 25.467 will not always be very accurate.
Observation 2: use of a control plane solution for HNB positioning is in principle no less justified than use of proprietary positioning or positioning using OMA SUPL.
Observation 3: there can be significant value in improving the accuracy of HNB positioning to assist in more accurate positioning of UEs and in some cases to better evaluate whether an HNB is in a licensed operator area.
Observation 4: HNB positioning using independent UE positioning, RNC centric PCAP positioning and SAS centric PCAP positioning have minimal or no standards impacts and different unique benefits that make each method potentially suitable for particular conditions. 

Based on these observations, the following proposal is made.

Proposal: identify all 3 methods from section 3 as allowable as options for HNB positioning according to operator and vendor preference and add minor impacts to PCAP to support the RNC centric and SAS centric methods.
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