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1 Reason for Contribution

The current contribution aims at the justification of the necessity to slightly enhance SUPL protocol so as to support STAMP. The STAMP method relies of the ability of the terminal (SET) to store location related parameters (e.g. NMRs) while in idle mode. These parameters are uploaded towards the SLP at the setup phase of an SUPL positioning session. The SLP, based on proper statistical processing of the stored measurements, can improve the accuracy of existing location techniques. The enhancement of SUPL refers to the ability of the protocol to support the transfer multiple positioning related measurements from the SET to the SLP.
2 Summary of Contribution

Statistical Terminal Assisted Mobile Positioning (STAMP) is a method which aims at the improvement of the accuracy of existing terminal location techniques. The proposed method relies on the terminal ability to measure and store a set of location related parameters while in idle mode. At the initiation phase of a location-based service the whole set of stored data are statistically processed so as to improve the accuracy of terminal position estimation. The efficiency of the proposed method has been demonstrated in a GSM network for an existing location estimation technique (CGI++) by using network measurements. Furthermore, the proposed method has been further analysed based on a simulation model, and its efficiency for a wide variety of location estimation techniques for GSM and 3G networks has been revealed. The required cost for the employment of the proposed method can be characterised minimum as the method relies only on additional software functionality on both the terminal and the network side while the additional required signalling is marginal. To support STAMP method the current version of SUPL protocol should be slightly enhanced with additional optional information elements.
3 Detailed Proposal

3.1. STAMP method Overview
STAMP method works as follows:
(a)
Terminal Idle Mode Operation: the terminal while being in idle mode periodically measures and stores a set of time-stamped measurements related to a positioning method (e.g., NMR Reports). As a set of parameters are measured by the terminal as part of its standard idle mode operation (e.g., for cell reselection procedure) it is obvious that the employment of STAMP may not lead to significant implementation requirements at the terminal side. The terminal can be intelligent enough so as to pre-process the collected measurements so as to increase the efficiency of STAMP. The terminal may determine the period of measurement collection, or it may decide on whether to store or discard a measurement (e.g., a corrupted measurement) while it may also apply statistical pre-processing of the collected measurements (e.g. moving average of Rx levels). Apparently during the idle mode there is no communication with the network side. Therefore, the employment of STAMP requires the following key entities at the terminal side:
· The STAMP List: The list stored at the terminal containing the N most recent samples of measurements (e.g., N=20). N is the size of the STAMP list.
· Sample System Type: In order to allow for STAMP to operate in a heterogeneous radio access environment, the terminal has the ability to store measurements from various access systems (e.g., 2G, 3G, WLAN, etc.). The sample system type identifies the system associated to every STAMP list entry.
· Sample Adoption Condition: The condition the terminal applies in order to either reject a sample measurement or store it in the STAMP list. For example, if a measurement is corrupted or incomplete the terminal may decide not to include it in the STAMP List. As it will be discussed later in this paper, this condition may also be applied to ensure increased STAMP efficiency.

· The STAMP Sampling Period (T): The time period between two samples.

· The Time-stamp: For each measurement stored in the STAMP list, the time-stamp is a parameter that indicates the time difference (or the number of periods) with the previous measurement.

(b)
LBS application Set-Up phase: at the set-up phase of a SUPL transaction, the measurements stored by the terminal are transferred to the entity that performs the terminal positioning estimation. Taking the case where terminal positioning is performed on the network side (by the SLP) it is obvious that the terminal should upload to the network a series of positioning related data. To support this capability, SUPL should be slightly enhanced with a set of additional optional information elements corresponding to the set of stored measurements.
(c)
Statistical Processing: The SLP taking advantage of the available set of historical measurements so as to improve the accuracy of the relevant positioning technique through the application of standard statistical filtering (e.g. Kalman filter). See Annex B for an overview of Kalman filtering modelling approach,
(d)
STAMP & Hybrid Techniques: Apparently STAMP can be adopted in a hybrid terminal positioning scheme so as to combine two positioning techniques. Hybridization may refer to the ability to exploit in idle mode measurements from an heterogeneous access environment (e.g., 2G, 3G, WLAN) as well as to employ a different positioning technique at LBS session setup phase (e.g., A-GPS).
The following figure provides a representation of the STAMP method operation principle.
3.2 Applicability of STAMP for existing Terminal Positioning Techniques
The following table summarizes the applicability of STAMP method for the most popular terminal positioning techniques.

	Positioning Technique
	STAMP Validity
	Comment

	CGI (2G & 3G)
	Yes
	The CGI is monitored by the terminal as part of its standard idle mode operation.

	CGI+TA (2G)
	No
	TA is available only in dedicated mode.

	CGI++ (2G)
	Yes
	The NMRs are monitored by the terminal as part of its standard idle mode operation.

	UL-OTD
	No
	The network measures the required parameters.

	AoA
	No
	The network measures the required parameters.

	E-OTD
	Yes
	The network should store in this case BS-LMU past synchronization difference data.

	CGI+CPCSS (3G)
	Yes
	The CGI and the CPCSS are monitored by the terminal as part of its standard idle mode operation.

	CGI+RTT (3G)
	No
	RTT requires the involvement of the network.

	WLAN
	Yes
	Methods like Ekahau refers to WLAN parameters that are monitored by the terminal while in idle mode.

	GPS
	Yes
	In this case the continuous operation of GPS while the terminal is in idle mode will increase power consumption.

	A-GPS
	Yes
	See comment on GPS.


3.3 STAMP Implementation Requirements
From the description of STAMP it is clear that its employment requires additional software functionality in both the terminal and the network. Apart from the storage space required for the STAMP list, the terminal will need to constantly update it with new samples. This implies a possible increase in the power consumption. However, in the case that the measurement collection process is part of the standard terminal operation in idle mode (e.g. for cell reselection) then the impact on power consumption in minimal. This might not be the case for all positioning techniques (e.g., operating GPS in idle mode will definitely lead to increased power consumption).

Regarding the storage requirements at the terminal side taking CGI++ as possibly the most demanding positioning method (since the received signal level of the primary and neighbouring cells are required) we have a requirement for a few kbytes for STAMP list size of N=30. Such a storage requirement is negligible for today’s MMS capable mobile terminals since it is comparable with the size of a single photo.

It is obvious that STAMP requires a proper communication protocol between the terminal and the network so as to support the transfer of STAMP related measurements to the network side at the LBS session set-up phase. SUPL is the most appropriate protocol for such a solution as it can be smoothly extended based on optional message fields so as to support the possibility of STAMP method deployment.

At the set-up phase of an LBS application, STAMP requires additional processing for the identification of the terminal position due to the required statistical processing. The processing can take place either at the terminal or at the network side depending on the type of the involved positioning techniques. In the latter case the terminal has to transmit to the network the STAMP list at the set-up phase of the LBS application. The protocol that is the proposed and most suitable candidate for this transmission is SUPL. Therefore, in the general case STAMP introduces some delay in the calculation of the terminal position. The latter could be treated by appropriate computing techniques (e.g. parallel computation of the N+1 positions that STAMP requires would be an option).
3.4 Application of STAMP in GSM for CGI++ Technique
As previously mentioned, STAMP can be applied for CGI++ technique in GSM, as according to the GSM standard the terminal when in idle mode constantly monitors the serving cell identity and the received signal levels of the serving and the neighbouring cells. In order to study the efficiency of STAMP measurements from the GSM network of Vodafone-Greece were used. The measurements were collected from Athens area through surveys for radio coverage verification. A survey file of ~2500 samples has been used for the current paper study. The measurements refer to outdoor urban/suburban environment while ~10% of them correspond to static terminal position (e.g., the survey car was stopped at a traffic light for some period of time).

STAMP Efficiency for Not-moving Terminals
It is well known that in mobile communications the base station received signal strength at a certain location is time-varying. Thus the employment of STAMP method in the case of a not-moving terminal would possibly improve the accuracy of CGI++ as the multiple samples of STAMP would correspond to exactly the same location and their statistical processing would probably eliminate the error due to time variance of the received signals.

However, as indicated by the analysis of network data, the multi-path effect plays a dominating role in this case. Figure 1 presents the effect of STAMP application in a case that the survey car was not moving. As it can be seen, applying CGI++ over the multiple measurements that would have been stored in the STAMP list we obtain a set of estimated positions, which in the example remain distant from the actual terminal location. This is because the specific path that signals follow to reach the static terminal position remains effectively the same generating a systematic error in the estimation of the distance between the terminal and the base station (e.g., through Hata model).
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Figure 1: Example of STAMP application for a not-moving mobile terminal
In the example considered, although STAMP fails to alleviate the systematic error introduced by multi-path effect, it still leads to an improvement of the CGI++ accuracy since the effect of measurements with high error (e.g., due to fast fading) is eliminated. For the set of data analysed an improvement of the CGI++ accuracy in the range of ~15% has been observed.

STAMP Efficiency for Moving Terminals
In the case of a moving terminal, the signal level measurements stored in the STAMP list apparently correspond to different terminal locations. This fact leads to a different statistical behavior compared to the case of a non-moving terminal as a different physical path affects the received signal levels at each individual terminal position.

Indeed, estimating the terminal location for each individual set of measured received signal levels according to CGI++ (triangulation), leads to locations that will be “surrounding” the actual terminal location with a variable accuracy due to the variability of the multi-path effect experienced at different terminal positions. A very characteristic example is shown in Figure 2 where the measurements refer to the survey car moving at a speed of ~40km/hr in the Athens urban area avenue with buildings of various height located at the avenue sides. The STAMP method in this case behaves very well and the resulting accuracy increases significantly.
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Figure 2: Example of STAMP application in the case of a moving mobile terminal
Taking into account the behaviour of STAMP depending on the terminal mobility status, it appears that there is a need to define an appropriate condition according to which the collected CGI++ measurements are stored or rejected (ideally measurements collected by the same location should be rejected). In the case of CGI++ to ensure that the samples stored in the STAMP list correspond to different terminal positions a condition referring to a minimum difference in the measured received signal levels could be applied.

STAMP Performance Results for CGI++
In this section we provide the results of the employment of STAMP method over CGI++ technique in the sample of measurements collected from Athens, Greece. The key STAMP parameters are: list size N=30 and sampling period T=2sec.

Figure 3, provides the statistical cumulative distribution of CGI++ and STAMP (over CGI++). The efficiency of STAMP is very promising as the average accuracy achieved by CGI++ is ~175 meters (while the one achieved by STAMP is ~50 meters (i.e., an accuracy gain in the range of 65%). It should be mentioned that the average accuracy of the CGI++ method is between 200m–600m. The CGI++ technique achieved an average accuracy of 175m due to the fact that a calibrated Hata model was used based on past network survey data (standard radio planning tool procedure).
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Figure 3: Statistical cumulative distribution of the terminal positioning accuracy
An important result illustrated in Figure 3 is that the accuracy of STAMP method is below 100 meters for almost all cases (for more than 95% of the samples). It should be noted that the accuracy of 100 meters is often used as a threshold for enabling certain LBS applications.

The analysis presented in this section can be perceived as a proof of the STAMP method concept for the case of CGI++. It appears that CGI++ is a very attractive option for the employment of STAMP because it combines very good efficiency with minimum requirements at the terminal functionality (the terminal monitors the CGI++ parameters as part of its standard idle mode operation).

3.4 STAMP Method Efficiency Generic Analysis
In order to further study the efficiency of STAMP method and investigate other positioning methods apart from CGI++, a simulation model was exploited (described in Annex A). The simulation model has been verified successfully against the measurement-based results of the previous section. The model does not consider any specific positioning method instead it models methods through the terminal position accuracy they achieve. For simplicity purposes we assume a single positioning technique applied for both idle and dedicated terminal modes.
Figure 4 presents the STAMP accuracy versus the positioning technique accuracy for a variety of STAMP list sizes (expressed by the number of samples N). As it can be seen, the lower the accuracy of the positioning technique the higher the efficiency of the STAMP method. Moreover, the accuracy of the STAMP method increases with the size of the STAMP list N. However, the additional gain achieved beyond a certain STAMP list size is marginal (e.g., for N>10). This result supports the conclusion that terminal storage requirements for STAMP are very low.
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Figure 4: The STAMP efficiency versus the positioning accuracy and the STAMP list size (N)
From the description of the STAMP method it is obvious that the applied sampling period (T) is another parameter that may influence its efficiency. It is easy to observe that any analysis on T has to be combined with the terminal speed. For example, setting T=5sec might prove sufficient for a terminal with a speed of 10km/hr as it covers ~28m in 5sec. However, the same period might prove inefficient for a terminal with a speed of 100km/hr since it covers ~280m in 5sec and therefore it would be difficult to achieve an accuracy much lower than 280m through STAMP statistical processing. According to this rationale, it appears that the sampling period should be the minimum possible in order to capture the information about the recent terminal positions. However, the following two aspects should be taken into account: 

Terminal sampling limitations: Terminal related limitations include its clock cycle and increased battery power consumption for collecting measurements very frequently.
The Positioning Technique behaviour for very short sampling periods: As shown for CGI++, when we collect measurements for a not-moving terminal the resulting STAMP accuracy is reduced due to the multi-path effect. The same effect may apply to other positioning methods as they all rely on parameters which can be affected by the surrounding environment. In case the STAMP period is very short the measurements in the STAMP list will effectively correspond to the same terminal position. For example for T=0.01sec a pedestrian with a speed of 4km/hr will cover a distance of ~1cm between two STAMP measurements!
Therefore, the STAMP sampling period should be appropriately selected in order to optimise the STAMP efficiency. Figure 5 presents the results obtained through our simulation model on the STAMP accuracy versus the so called Sampling Distance which is defined as the distance the terminal covers between two STAMP measurements. Two different positioning accuracy levels (200m and 400m) and two different terminal average speed cases (10km/hr and 40km/hr) are considered.
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Figure 5: The STAMP accuracy versus the STAMP sampling distance
As shown in Figure 5, changing the average terminal speed for the same positioning accuracy does not affect the resulting pattern of the STAMP efficiency. This means that for any terminal average speed the same STAMP efficiency can be achieved by selecting the sampling period T so that the sampling distance remains the same. Therefore, the sampling distance is a parameter of key importance for STAMP performance.

Figure 5 indicates that the lower the sampling distance the higher the accuracy of STAMP. However, the lower bound of the STAMP period T described above has not been modeled in the simulation model and therefore further analysis based on the positioning technique nature should be conducted in order to determine the lower STAMP period limits.

From the above analysis it appears that the proper selection of the STAMP sampling period should ideally be a function of the terminal speed. To achieve this either a dynamic STAMP period selection scheme should be employed based on the terminal speed estimation or an appropriate static sampling period should be selected in order to ensure adequate STAMP efficiency for the terminal speed range. As it can be observed from Figure 5, STAMP efficiency is sufficient for sampling distances lower than 20m. Thus, for example in an urban area where terminal speed is up to 80km/hr a sampling period of T=1sec will probably be sufficient as the resulting distance between two measurements is ~22m while for lower speeds shorter sampling distances occur.

3.5 Conclusions
The current contribution proposes an innovative method for improving the accuracy of existing positioning methods. The new method STAMP has been extensively analysed based on both network measurements and simulation model analysis highlighting key aspects of its performance. The employment of STAMP method requires a software agent at the terminal side while if idle mode measurements are part of the standard terminal operation (e.g. NMR report) then the cost implications are minimal. On the network side there is no significant cost implications as STAMP refers to uploading and statistical processing of additional data of the same type as in existing LBS solutions. The additional processing which would imply additional delay in estimating the terminal position can be treated based on parallel processing. 
STAMP accuracy gain is more attractive for positioning methods of medium to low accuracy. Such methods are currently applicable to GSM and 3G networks. For such positioning methods (like CGI++), an accuracy better than 100m can be achieved in urban/suburban environments. This is an essential result for justifying the employment of STAMP. In the case of high accuracy positioning methods, STAMP ensures that their accuracy variation is limited.
The possibility of employing STAMP method in the context of a hybrid scheme (i.e., exploit a positioning method for idle-mode terminal operation and a different positioning method for the application session initiation) provides increased flexibility for fitting the various LBS application requirements.

In terms of how STAMP could be placed in the roadmap of positioning methods it appears that STAMP can be employed at an early stage in order to enhance the accuracy of network based techniques (e.g., CGI++) and at a later stage it could be combined with GPS based techniques as a complementary method in order to improve their performance e.g., in areas where “urban canyon” effect limits their accuracy.

ANNEX A: Simulation Model for STAMP Analysis

The simulation model developed to analyse STAMP method, considers mobile terminals moving in a Manhattan-grid area (consisting of building blocks of 200mx200m and streets of a width of 15m) according to a simple mobility model [5]. At cross-sections, the terminal direction is selected as follows: (a) with 50% probability it maintains the same direction, (b) with 25% probability it takes a right or a left turn. Not-moving and indoor located terminals are not considered in the simulation. The size of the STAMP List N, the sampling period T and the average terminal speed are input variables. A single positioning technique is considered for both idle and dedicated terminal modes.

The instant terminal speed at time k, Vk is modified every T (where T is the STAMP period) according to the Kalman filter model:
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(6)
The simulation program considers one individual terminal in each simulation run and a simulation time of 10hours has been used in order to ensure statistically stable results for the various case studies analysed. There is no specific positioning method simulated, instead we assume that the applied method leads to an estimation of Yt in compliance with the Kalman filtering equation (1). The achieved accuracy of the assumed method is an input to the simulation program.

The STAMP list of the simulated terminal is being filled up with measurements (which, in the case of the simulation program correspond to estimated terminal locations and not to some location method specific parameters like received signal strengths). When the maximum list size N is reached, the STAMP statistical processing is employed in order to estimate the terminal location. Then, the STAMP list is being reset and the program continues with the collection of the next set of measurements. It should be noted here that this approach has been adopted to ensure statistical independency as in the real STAMP operation the terminal STAMP list will not be reset (unless the terminal is being switched off).

To verify the simulation model we have compared it against the results obtained for STAMP method over the GSM network measurements (based on CGI++) collected from Athens, Greece. To achieve this the input parameters of the simulation model have been set as follows: (a) the average terminal speed is the one the survey car has in the collection of the network measurements, (b) the mean value and the variance of the positioning technique accuracy in the simulation model is assumed to be the relevant CGI++ accuracy parameters achieved for the network measurements, (c) a common STAMP period T=2sec is selected and (d) a common STAMP list size N=30 is selected. The results are shown in Figure 6 where we can observe that the statistical distribution of the resulting positioning accuracy of the simulation model and the one corresponding to the real measurements are very close. Therefore, the simulation model behaviour is satisfactory, a fact which indicates that the model can be very well exploited for generalising the analysis of STAMP.
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Figure 6: The statistical distribution of the STAMP accuracy for (a) the measured data and (b) the simulation model
Annex A: Statistical Processing based on Kalman Filter
At the set-up phase of a SUPL transaction. the terminal uploads a series of N (N is the size of the STAMP list) measurements to the SLP. The SLP will then estimate (e.g. based on triangulation for CGI++) a set of N terminal positions is estimated corresponding to terminal positions at previous time instances.

The previous analysis will result in a set of N+1 estimated terminal positions. Based on the set of estimated terminal positions, standard statistical methods can be employed so as to improve the accuracy of the current terminal position estimation. The most common statistical method applied in modern navigation systems is Kalman Filtering a powerful method which has the following form:
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where k represents time instance tk, and:
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Xk represents the combined vector of the terminal position [x1, x2] and velocity [v1, v2] and Yk the estimated terminal position at time instance tk.
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where the parameter Δt equals to the STAMP period T.
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Wk and Uk are Gaussian distributed random vector parameters with zero mean and a standard deviation of:
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 is estimated either by the proposed approach of [6] or based on a more generic estimation of the mobility conditions in the area and 
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4 Intellectual Property Rights

Members and their Affiliates (collectively, "Members") agree to use their reasonable endeavours to inform timely the Open Mobile Alliance of Essential IPR as they become aware that the Essential IPR is related to the prepared or published Specification.  This obligation does not imply an obligation on Members to conduct IPR searches.  This duty is contained in the Open Mobile Alliance application form to which each Member's attention is drawn.  Members shall submit to the General Manager of Operations of OMA the IPR Statement and the IPR Licensing Declaration.  These forms are available from OMA or online at the OMA website at www.openmobilealliance.org.

5 Recommendation

Proceed with the revision of the SUPL protocol so as to allow for the deployment of STAMP method.
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