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1
Introduction

Basic Cell-ID location methods use the coordinates of the serving cell(s) for an estimate of the UE position. This can be used as a standalone positioning method – for example, when the UE does not support any UE based location method – or as an initial position estimate for other more advanced location methods, such as OTDOA or GNSS. 
The accuracy of the UE location estimate obtained from basic Cell-ID location method is dependent on the cell size. To improve the accuracy, additional UE and/or UTRAN measurements are usually used. The combination of basic Cell-ID with additional measurements is sometimes also referred to as “Enhanced Cell-ID” methods. These additional measurements are usually not specifically defined for positioning purposes, but are measurements that are needed for the proper function of the communication system anyhow. Hence, these additional measurements are usually supported by all UEs or UTRANs and are exploited for positioning purposes as well. 
Various ways to use additional measurements to refine the UE position estimate obtained from basic Cell-ID can be used, and may depend on which additional measurement information is available or can readily be obtained from the UE or UTRAN. 

The Cell-ID location method currently supported in PCAP for both, RNC-centric and SAS-centric mode, can make use of the following measurements which may be provided by the SRNC in the Cell-ID Measured Results Info List (clause 9.2.2.31 of 25.453):

1. UTRAN Round-Trip-Time (RTT) and UE Rx-Tx Time Difference Type 1 or Type 2;

2. Pathloss.

The use of measurements 1.) above depends on the availability of the UTRAN RTT measurements made by the Node-Bs or LMUs (TS 25.302), assuming at least the UE Rx-Tx Time Difference Type 1 is supported by all UEs. It is not possible to provide RTT measurements only in case of no UE Rx-Tx Time Difference is currently available or can readily be obtained by the SRNC. 
The Pathloss is not a measurement provided by the physical layer (TS 25.215). The Pathloss is calculated in the UE as the difference between the Primary CPICH Tx power provided by UTRAN and the UE measured CPICH RSCP (TS 25.331). Hence, the Pathloss measurement can only be used for position calculation if the Primary CPICH Tx Power is available in the UE or SRNC. 
It is also well known, that the positioning performance can usually be improved by combining all available measurements and thus, exploiting redundancy. I.e., the more measurements of the same or similar type are available, the better e.g., outliers can be removed and reliability and robustness can be increased. Hence, a combination of 1.) and 2.) above would usually be desired for position calculation.

Additional UE measurements are available to support different variants of Enhanced Cell-ID location methods, which could be used in addition to the PCAP supported measurements 1.) and 2.) above, or instead of the PCAP supported measurements 1.) and 2.) above (e.g., when RTT or Primary CPICH Tx Power are not available).
This contribution proposes to allow additional available measurements for Enhanced Cell-ID positioning in PCAP in case some or all of the currently supported measurements in PCAP can not be provided by the SRNC, or to support different variants of Enhanced Cell-ID location methods using different preferred combinations of measurements. 
2
Limitations of Current Cell-ID Location Method in PCAP
2.1
Available Measurement Combinations

The Cell-ID location method currently supported in PCAP may make use of the following measurements already mentioned in section 1 above:
1. UTRAN Round-Trip-Time (RTT) and UE Rx-Tx Time Difference Type 1 or Type 2;

2. Pathloss.

From these measurements, only the UTRAN Round-Trip-Time (RTT) measurement is described as part of the Cell-ID location method in TS 25.305, clause 8. However, PCAP does not allow the delivery of RTT only information to the SAS, e.g., in cases no UE Rx-Tx Time Difference is currently available at the SRNC.

The additional use of UE Rx-Tx Time Difference is described for the OTDOA location method (TS 25.305, clause 9), and usually improves the accuracy if used together with the RTT measurement.

The use of the Pathloss calculation is not described for any location method defined in TS 25.305. Since the pathloss is a function of distance it may be used to e.g., obtain some information on distance between UE and base station, or the UE calculated pathloss may be compared with predicted pathloss in the SAS to obtain information about the UE location.  

However, the use of Pathloss requires the availability of the Primary CPICH Tx Power for all cells measured by the UE (i.e., Pathloss = Primary CPICH Tx Power – CPICH RSCP (TS 25.331)). If the Primary CPICH Tx Power is not available in the UE for all measured cells, the SRNC would be responsible to request CPICH RSCP measurements from the UE, and calculate the Pathloss in the SRNC before it can be used for positioning purposes in the SAS. However, in SAS-centric mode the SAS is in control of the overall positioning procedure and handling of raw measurement information. Hence, the SAS should also be able to request the CPICH RSCP measurements and e.g., calculate the Pathloss in the SAS, if needed. 
From the description above, there would be several possibilities to use the currently supported measurements for positioning purposes to obtain various levels of accuracy:

1. RTT information only, as described in TS 25.305, clause 8 for basic accuracy;

2. RTT together with UE Rx-Tx Time Difference for improved accuracy;

3. Use of Pathloss either alone, or in addition to 1 and/or 2 above, where

a. Pathloss is calculated in the UE for all measured cells (which requires the availability of Primary CPICH Tx power in the UE for all measured cells);
b. Pathloss is calculated in the SRNC using UE CPICH RSCP measurements. Using the current definition of SAS modes, this would be appropriate for RNC-centric mode.
c. Pathloss is calculated in the SAS using UE CPICH RSCP measurements delivered from the SRNC. Using the current definition of SAS modes, this would be appropriate for SAS-centric mode.

From the above alternatives, only 2, 3a and 3b is supported in PCAP. Hence it is proposed for PCAP:

1. Allow delivery of RTT only information to the SAS, e.g., when no additional UE Rx-Tx Time Difference is readily available at the SRNC;

2. Allow the delivery of UE CPICH RSCP measurements to the SAS, e.g. in case Pathloss can not be provided by the UE since no CPICH Tx power is available in the UE (note, that in SAS-centric mode the SAS has a database of all relevant cell information available, and hence can also have the CPICH Tx power).
2.2
Request for Cell-ID Location Method in SAS-centric Mode
In case of SAS-centric mode, the SAS may request Cell-ID positioning method from the SRNC. This is done by setting the Positioning Method IE in the POSITION ACTIVATION REQUEST message to the value “Cell-ID”. No additional information can be provided by the SAS to the SRNC. Hence, the SRNC would select the type of measurements to report back to the SAS (i.e., RTT + UE Rx-Tx Time Difference Type 1/2, Pathloss, or both). The SRNC may do this without knowing which measurements the SAS supports, or what the Quality-of-Service requirements for the current positioning attempt are. E.g., the Quality-of-Service may be fulfilled with RTT only, or RTT+ Rx-Tx Time Difference Type 1, or Pathloss only, etc.). The SAS may also invoke Cell-ID positioning method to obtain a better initial location estimate for other more advanced positioning methods, e.g., to obtain an initial location estimate to provide GNSS assistance data. In that case, a subset of the available measurements may be sufficient, and the SRNC would not need to waste recourses to obtain e.g., RTT, UE Rx-Tx Time Difference Type 1/2, and Pathloss, when e.g., only Pathloss is required in the SAS. 
Hence, it is proposed that the SAS can specify which Cell-ID type of measurements are requested from the SRNC in case of Cell-ID positioning method is invoked in SAS-centric mode.
2.3
Information Exchange in SAS-centric Mode

The Information Exchange Procedure allows the SRNC to request GPS assistance data from an SAS. This procedure may be used within an active Position Initiation session, or independently of a positioning attempt, e.g., for obtaining assistance data for broadcast (System Information), or to satisfy a dedicated UE assistance data request. In the latter case, the SRNC would receive a RANAP LOCATION RELATED DATA REQUEST message from the core network including a list of assistance data elements requested by a certain UE and would instigate the PCAP Information Exchange procedure to obtain those assistance data from the SAS. In SAS-centric mode, the SAS has the database of cell information available, and hence the PCAP Information Exchange Initiation Request message contains UTRAN Cell-Identifier as initial position estimate. The SAS would use the basic Cell-ID to calculate the assistance data for the UE. However, since in this case, the Information Exchange procedure is not part of an active Position Initiation procedure, the SAS can not invoke Cell-ID positioning from the SRNC (via Position Activation Request) to obtain a better initial position estimate of the UE for determining assistance data. (Note, that in case of RNC-centric mode, the RNC provides the initial location estimate which may be obtained from e.g., Enhanced Cell-ID, since the SAS has no database of cell information available in RNC-centric mode). 
Hence, it is proposed to allow the SRNC to include Cell-ID measurements in a PCAP POSITION INFORMATION EXCHANGE INITIATION REQUEST message, if available. This would allow the SAS to obtain a more refined initial location estimate for providing assistance data also in SAS-centric mode.
3
Support for additional UE measurements in PCAP

As mentioned in section 2.1 above, it is proposed to allow the reporting of CPICH RSCP measurements in PCAP in order to reduce the requirements on availability of Primary CPICH Tx Power information in UE and SRNC. In addition, as mentioned in section 2.2, it is proposed to allow the SAS to specify which of the available measurements are desired, in order to not unnecessarily consume resources in the SRNC (for SAS-centric mode). Allowing the SMLC to specify which parameters it can use will also maximize the probability of receiving some useful parameters for various combinations of different RNC and SAS vendors. Further on, the probability of receiving some useful parameters at the SAS would be further increased by allowing the additional available measurements on PCAP.
The Cell Measured Results List in RRC TS 25.331, clause 10.3.7.3 contains the following measurements:

· CPICH Ec/N0
· CPICH RSCP
· Pathloss
From these measurements, PCAP currently supports only the Pathloss, and as mentioned above, the CPICH RSCP measurement is proposed in addition to reduce the requirements on availability of Primary CPICH Tx Power information in UE and SRNC. 

The remaining CPICH Ec/No measurement which may be reported by the UE is identical to CPICH RSCP/UTRA Carrier RSSI. Hence, if available it would provide additional useful information for the SAS. Accuracy and reliability is usually increased by averaging available measurements. Since these measurements may be available for “free” at the SRNC, they could be provided to the SAS if Cell-ID positioning is requested. Any of the three RRC supported measurements above would provide some form of pathloss attenuation with distance and can be used together or separately at the SAS. Hence, the probability that some useful information is received at the SAS is increased. E.g., if Pathloss can not be provided by a particular UE (or for a particular radio link) or SRNC, the CPICH RSCP and/or CPICH Ec/N0 can be used to obtain an estimate of pathloss attenuation at the mobile location. All measurements (if available) may also be combined to obtain a more reliable estimate of pathloss attenuation. 
Note also, that user plane standards (SUPL) already allow the MS to report the Cell Measured Results List defined in RRC to the location server.  
Hence, it is proposed to include the additional RRC supported measurements defined in Cell measured results (TS 25.331, clause 10.3.7.3) in PCAP as well.

4
Summary of Proposal

For the reasons described in sections 2 and 3 above, the following is proposed:

1. Add the RRC supported measurements (Cell measured results in RRC clause 10.3.7.3) into PCAP Cell ID Measured Results Info List (clause 9.2.2.31).
2. Add a list of requested Cell-ID measurements (for the currently supported and under point 1. above proposed additional measurements) in the PCAP Position Activation Request message (clause 9.1.16), to allow the SAS to specify the measurements requested if Positioning Method is “Cell-ID”.

3. Add the Cell-ID Measured Results Info List to the PCAP Information Exchange Initiation Request message in order to allow Enhanced Cell-ID location also for assistance data calculation in SAS-centric mode.

A corresponding CR is provided in tdoc R3-070739. 
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