Proposed Change to 3GPP Document (4.31)

This documents discusses the need for a change request to 3GPP 4.31 and 44.31 for the A-GPS positioning method and in particular for MS-Assisted operation. The motivation for the change is to improve the performance of MS Assisted in both sensitivity and time to first fix to make it closer to that of MS Based mode of operation. Both advantages are apparent in the case where the network is not able to provide precise GPS time to the mobile.

The first advantage is the ability to perform assisted cold starts in less than six seconds (in as little as 1 second with the latest generation chipsets). The second advantage is to improve the sensitivity of the GPS receiver in environments with low signal strengths where GPS time cannot be decoded directly from the satellites. 

Background.

GPS receivers need to know time with a certain a-priori accuracy in order to resolve the navigation equations that provide the position solution (x, y, z and dt). The equations, as described in 3GPP 3.71 are:
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 is the unknown receiver clock offset from GPS time.

“Known” satellite positions are derived using the ephemeris (orbit) model that is broadcast by each satellite to the receiver. The ephemeris model is a polynomial fit to the satellite orbit at a particular time and is valid for a limited period, nominally, four hours. Because of satellite movement, computing the satellite location requires using the current GPS time in the ephemeris model. GPS satellites travel at high speeds, therefore, if the time used in the model is inaccurate, the resulting satellite position will also be in error, resulting in a commensurate error in the computed receiver position. GPS satellites ranges to a stationary receiver can change at a rate of up to +/-800 m/s. Consequently, if the GPS time the receiver uses is wrong by just one second, there may be errors of a few hundred meters in the position solution. Time errors of two or three seconds result in position errors on the order of kilometres.

Conventional GPS receivers determine the time by decoding the navigation message modulated on to the PRN code. The second word of every frame is called the Hand Over Word (HOW) and contains the Z-Count parameter [1], which indicates the precise GPS time of transmission of the satellite signal. This allows the receiver to compute exact satellite positions for its navigation solution.

MS Assisted A-GPS Considerations.

A-GPS and the latest developments in receiver architecture bring many benefits to GPS. One of the major benefits is better sensitivity for weak GPS signals, such as those received in lower satellite visibility environments or even indoors. Using integration techniques and signal processing technologies, manufacturers now claim gains 25 dB or more with respect to the signal levels found outdoors in favourable environments. It is widely acknowledged that, at low signal levels, the PN code phase can be measured, but it is difficult, if not impossible, to demodulate the GPS navigation message. As we have mentioned above, the navigation message (including HOW) is the primary source of time for GPS receivers. 

Standardised A-GPS interfaces provide alternative techniques for determining the time of transmission of the satellite signals.  In MS Assisted A-GPS in GERAN, the process starts with the network (SMLC) providing information to the MS to facilitate acquisition of GPS signals (basically, expected Doppler and range for each of the satellites at a particular time) as well as the relationship between the serving BTS time (FN, TN and BN) and GPS time expressed as a Time Of Week (TOW). Once the GPS receiver has been able to measure pseudoranges to a few GPS satellites, the pseudoranges are sent back to the SMLC along with a time stamp indicating the TOW when the pseudoranges were measured. Next, the SMLC uses the pseudoranges and the time stamp to compute the user position using the equations described above. In this case, even if all satellite signals are so low (e.g. indoors) that the receiver is not able to decode the HOW from the navigation message to obtain GPS time (TOW), it can produce an accurate GPS time stamp because it knows the relationship between the two time bases (Serving BTS and GPS time) from the information previously provided by the SMLC. The relationship between the two time bases can be determined at the SMLC from Location Measurement Units (LMUs) deployed throughout the network. 

Some MNOs may choose not to deploy LMUs because of cost and installation requirements. In this case, the SMLC is not able to provide the relationship between the two time bases  (BTS time IEs are “optional” in [2]).  Instead, the SMLC provides only an estimate of the GPS TOW, which may be in error due to network latency and other factors.  Thus, unless there is sufficient signal strength to detect the HOW from at least one satellite, the GPS receiver will not be able to provide an accurate GPS time stamp for the pseudorange measurements provided to the SMLC.  This will be the case in weak signal environments (e.g. indoors). As we have seen in the previous section, a relatively small error of a few seconds in the time stamp may result in a large position error at the SMLC. 

Some methods using symbol recognition techniques can be used to decode GPS TOW from the Hand Over Word in lower signal to noise environment. These methods take advantage of the fact that if time is known within a few seconds, it is possible to predict the sequence of the first two words in each sub-frame of data and look for the pattern rather than decode the bits with no prior knowledge. While these methods are definitely advantageous they also require higher signal to noise ratios than that required for range measurements and may therefore still be a limiting factor for indoor performance. In addition they impose a tighter requirement on the timing accuracy from the SMLC, require additional assistance data (‘TOW assistance” in [2]) and are time consuming (minimum of 6 seconds). A good description of such methods can be found in [3].

In our opinion, a better answer to this problem is to provide a facility to “solve” for the time stamp at the SMLC as part of the navigation solution explained above. The MS will have an approximate knowledge of GPS TOW (few seconds) at the MS from the SMLC. If the MS tracks enough satellites, and a precise (accurate to a few ms) time stamp (TOW) is not available from the satellites, the time stamp can also be included as additional unknown in the GPS equations and computed by the SMLC. There are different mathematical techniques to do this. See [3] for a more detailed explanation of one of such techniques. 

It is worth noting that, while these methods can provide an effective solution, they all require extra redundancy (more satellites tracked) and, in practice will also have a small effect in the accuracy of the resulting position. This means that when the MS is able to provide a time stamp accurate to several milliseconds (from one strong satellite), the SMLC should not attempt to solve for the time stamp.  If the time is already known, solving for it in the position solution can result in degraded accuracy.

The proposed change is to use a flag in the GPS measurements IE sent by the MS to the SMLC to indicate whether the GPS time stamp is accurate or not. This way, the SMLC can determine whether it is appropriate to solve for the GPS time stamp in the position solution.   This change will enable GPS receiver operation at lower signal levels for increased availability of A-GPS positioning as well as faster times to first fix (TTFF) by not having to wait six seconds (minimum) for the next HOW to decode GPS time.

A suggested way to achieve this is to use the optional element Reference Frame IE in the GPS Measurement IE s described in page 43 of [2]. The original intended purpose of The Reference Frame in 3GPP standards is for the MS to report back to the SMLC the timing of the serving BTS along with GPS time as obtained from the GPS satellites. Thus, the SMLC would be able to keep track of the timing of BTS’s in relation to GPS time for a period of time after receiving the information from the MS. The relationship between frame number and GPS time allows the SMLC to populate the information elements (IE) related to GSM time (FN, TN and BN) in the Measure Position Request message, which will help alleviate the problem we have been describing in this document. However, if it is not possible for the MS to decode GPS TOW from the GPS signals, there is no benefit to the MS in reporting back the Reference Frame since this would be tied to a value of GPS time that is not precise. In fact, erroneous values could mislead the SMLC in its timing calculations and adversely affect other MS’s served by the same BTS. 

The proposed scheme is as follows: if the MS has successfully decoded GPS time from the satellite signals, it uses the Reference Frame as originally intended by the standards to help the SMLC relate the serving BTS time to GPS time. On the other hand, if the MS is in an environment where GPS satellite signals are weak (e.g. indoors) so that GPS time cannot be decoded, it will signal this condition by using a value for the Reference Frame that is outside the permitted range in [2] (0 to 42431), for example a value of 65535 or all ones in the 16 bit field. This value would indicate that the SMLC should solve for GPS time in its navigation solution and also would also indicate that it should not use the Reference Frame value to relate the BTS and GPS time bases. The Reference Frame value is therefore used for two purposes so that the functionality can be achieved without adding extra parameters to the existing specification. An explanation of the extended interpretation of this IE inserted in [2] will suffice.   

The proposed change is simply to add and explanation of the Reference Frame information element as follows “A value of Reference Frame outside the allowed range would signal the SMLC that GPS TOW is not know to the MS with an accuracy of 10 ms or better.”
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