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Thin UE GPS:

Overview and Impact of Inclusion on RAN UP Standards

1
Introduction

We propose enlarging the scope of the RAN UP specification to include a new GPS-based positioning technology, called Thin UE GPS.

In proposing the inclusion of Thin UE GPS within the RAN UP standards, we aim to provide a solution that meets the needs of Mobile Manufacturers, the needs of Equipment Vendors and the needs of Network Operators and Service Providers by providing the following benefits:
· Availability/Sensitivity: Produces accurate GPS positioning results under extremely adverse GPS radio signal conditions where other GPS technologies fail to acquire a signal;

· Simpler UE hardware: Does not require the complexity of a complete GPS receiver in the UE. Uses only a GPS discriminator (receiver and A/D converter) in the UE, with all required signal processing and calculations performed at the SMLC;

· Increased battery life: due to reduced computation needed at the UE;

· Server-based processing: Easy upgrading of software as GPS signal processing technology progresses, without impacting the UE;

· Simpler network messaging: It is not necessary to send GPS assistance information to the UE.
· Simpler Architecture: Thin UE GPS does not require LMUs. 

Thin UE GPS technology utilizes the Client-Server Model, where the server (SMLC) takes on the bulk of the computation load involved in the algorithms that perform position calculation. 

2
Process Comparison

The primary difference in process between Thin UE GPS and other GPS technologies is that in Thin UE GPS all signal processing and location computation occur within the SMLC. 

Unlike other GPS technologies, Thin UE GPS only requires that RF in the GPS domain be sampled and sent from the UE to the SMLC. The capture of the RF sample by the UE requires minimal processing since the UE is not required to acquire satelite signals. Rather, the UE merely takes a “snapshot” of all RF in the 1.5 GHz region (which includes GPS signals from visible satellites). It then down-converts the RF waveform, digitizes it, and sends this data to the SMLC.

The process of acquiring satellites and calculating the position of the UE rests with the SMLC. 
3
Reduction in UE Complexity

The reduction in complexity of the UE (as compared to other methods) is shown in Table-1 below:

Table-1: A Comparison of UE Complexity in Network Assisted GPS Methods

(Additional UE components required)

	UE Based
	UE Assisted
	Thin UE GPS

	GPS antenna
	GPS antenna
	GPS antenna

	GPS RF-IF chip
	GPS RF-IF chip
	GPS RF-IF chip

	Temperature-compensated crystal oscillator (TCXO)
	ASIC chip or FPGA
	-

	DSP/Micro-controller chip
	DSP chip 
	None

	Approximately 256kB Flash Memory, and 512kB SRAM
	Additional SRAM required for base-band chip
	Recommended Minimum of 25 KB of SRAM

	Source:

www.sirf.com/gps_tech_whtie_paper.htm
	Source:

“An Introduction to SnapTrack Server-Aided GPS Technology”
	Source:

Enuvis, Inc.


4
Impacts on System Complexity

The major impacts of Thin UE GPS on System complexity and processing, are as follows:

· Decreased System Complexity: Thin UE GPS requires no LMUs;
· Decreased Downlink Messaging: TUG requires no exchange of Assistance Data;
· Increased Uplink Messaging: Due to larger amounts of RF sample data;
· Increased SMLC Processing: Due to offloading of computation load from MS.

5
RAN UP Message Flows

In TS 25.305-400, under Section 6.6.4.1 “Signalling between SRNC and Target UE” Figure 6.1 (reproduced below as Figure 1) provides the high level message flow for all UE-based or UE-assisted positioning methods (OTDOA and Network-assisted GPS).
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Figure 1: OTDOA /GPS Positioning Message Flow

Figure-2 shows the high level message flow for Thin UE GPS.
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Fig. 2: Thin UE GPS Positioning Message Flow

In Thin UE GPS, the digitized RF sample and the time stamp (in the response message) are carried via the Uu radio interface to the SMLC.

In most circumstances the size of the RF sample interval to be transmitted to the SMLC will be 1 to 16 kilobytes.  Extremely poor SNR can require further data to be sent from the UE, which will occur on the prompting of the SMLC.

Finally, unlike other GPS-based technologies, it is not necessary to send assisting information to the UE. All relevant assisting information is present and utilized at the SMLC. 

6
RF sample Representations

Thin UE GPS can support different sampling methods, and each method can be characterized by its attributes that can be included in the location data response. 

7
Other Important Distinctions

The Thin GPS UE architecture allows the use of signal-processing algorithms that produce results in otherwise unusable SNR regimes.  These algorithms, synthesize signals from all satellites visible to the UE with other location relevant data to amplify the acquisition of each individual satellite’s signal.  In addition the algorithms compensate for a number of distortions that are often ignored in GPS signal processing, such as inaccuracies in the A/D sampling clock, timing jitter and wandering in the sampling clock. 

Thin UE GPS has the ability to acquire signals even in areas of severe GPS signal degradation.  Enhanced sensitivity in such environments is achieved by capturing and processing GPS waveform data over a longer capture time.  For example, in situations of poor SNR, the SMLC may request the UE to report more of the originally captured data on an as needed basis.  This feature also enables the ability to offer varied levels of QoS depending on the performance needs of the location request.  

8
Interoperability with other GPS Technologies

Unlike other GPS-based technologies, the structure of the Thin UE need only be capable of receiving and digitally encoding an RF sample in the GPS domain. The Thin UE alone does not require the internal hardware and software capability to acquire a fix on a satellite signal to calculate pseudo ranges, or position, or to interpret assistance. 

However, the inclusion of these further capabilities is compatible with Thin UE GPS.  Hence, such Thin UE equipment can function within a PLMN equipped for UE Assisted equipment.

9
Conclusion

In proposing the inclusion of Thin UE GPS within the RAN UP standards, we have aimed to provide a solution that:

· Meets the needs of the industry and regulatory bodies for position determination in adverse signal conditions in places such as shopping malls, urban office buildings, etc;

· Meets the needs of users and privacy advocates by transmitting over the air (UE to RAN) an indecipherable digitized GPS RF sample, rather than actual position estimates, thus preventing unauthorized parties from obtaining a user’s position.

· Meets the needs of Network Operators and Service Providers (by reducing the complexity of the UE, thus shortening deployment schedules and minimizing cost, as well as enabling the operator to retain a greater degree of control within the Network).

· Meets the needs of Mobile Manufacturers (by reducing the complexity of the UE and increasing battery life, while shortening implementation schedules and minimizing the impact on the MS form factor); and

· Meets the needs of Equipment Vendors (by providing an opportunity to develop a full function SMLC that adds more value to their network product offering).

~ ~ ~
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