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Introduction

The included T1P1 document is included for information in the discussion of sensitivity data for assisted GPS.
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ABSTRACT:
This contribution addresses several outstanding concerns with the claims associated with sensitivity assistance for GPS.  The primary point made is that the anticipated gains of this method will not be achieved in real-world scenarios with practical handset and network configurations.  Since these unattainable benefits are not worth the corresponding complexity added to the network, it is strongly recommended that sensitivity assistance not be considered for incorporation into the current GPS assistance protocol.
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Background

The current debate concerning the value of adding a special “sensitivity assistance” message to the current GPS assistance protocol centers around a contribution [1] presented to the T1P1.5 LCS SWG during September of this year.  The discussion of the usefulness of such a message has subsequently been focused upon the sub-class of E-911 calls that may occur in environments where the chances of obtaining an acceptable set of GPS ranging measurements is severely limited.  Such environments would be indoors or obstructed in some way and characterized by weak, multipath-ridden GPS signals.

The basic motivation for proposing the sensitivity assistance message was demonstrated by a simulation that suggested that a solid 3.5dB sensitivity gain could be achieved by noncoherntly combining three 400ms coherent integrations over a period of 1200ms instead of merely combining sixty consecutive 20ms coherent integrations over an equivalent period.  Knowledge of the GPS navigation bit transitions that occur every 20ms was presented as the key to processing GPS signals over multi-bit coherent integration intervals.  According to [1], these navigation data bits would be provided in a reply to a user request for the proposed GPS sensitivity message.  The delivered bits for each satellite would be contiguous bits, symmetrically placed around a specified reference bit.

Introduction

In response to the above proposal, several companies raised questions verbally at the September meeting in Phoenix and in a contribution presented at the October meeting in Clearwater [2].  These companies believe that there are substantial real-world constraints that will prevent the proposed techniques from providing any actual benefits to the user.  Even for a narrow class of E-911 scenarios, the benefits are not evident and are certainly not worth the added complexity in both the standard itself and also the implementation.

To date, several issues of clarification have been addressed by supporters of sensitivity assistance in subsequent contributions [3], [4].  It should be noted that a positive step was taken in [3] by simulating the effects of slow, constant motion upon GPS correlations employing long coherent integration intervals.  From this analysis, it was revealed that the 400ms coherent intervals simulated in [1], offered no noticeable sensitivity gain (<0.5dB) over the use of basic 20ms coherent intervals.  Consequently, the scope of  recent discussion has been reduced to the potential gains achieved with 100-200ms coherent intervals with respect to 20ms coherent intervals.  In [3] it is reported that the relative gains are as follows for a constant walking speeds in the range of 2-3 mile/hr (1.0-1.5 m/s).  Note that these projections are noticeably reduced from the 3.5dB originally claimed for 400ms coherent intervals.

· 100ms coherent intervals

1.5 – 2.5 dB

· 200ms coherent intervals

0.5 – 2.0 dB

Unfortunately, several key concerns have not been squarely addressed during the discussion involving sensitivity assistance.  These outstanding concerns include:

· Fundamental clock stability requirements

· Signal degradation resulting from user manipulation of the handset

· Added network complexity required to support sensitivity assistance messages

It is the intent of this contribution to demonstrate the relevance of these concerns and the fact that no realizable gain is achieved by adding these proposed messages to the current GPS assistance protocol.

Clock Stability

Simulation Considerations:

Unfortunately, simulations employed to promote the concept of sensitivity assistance have yet to deal with the critical effects of clock stability.  This factor was not considered by the original simulation provided in [1] nor the simulation that examined constant motion in a multipath environment [3].  In essence, “perfect” reference clock stability has been assumed.  It is imperative to note that with the extended coherent integration intervals involved, potential gains from sensitivity assistance are extremely vulnerable to subtle drifts in the handset reference clock frequency used for processing the GPS signals.

To be able to simply ignore the effects of reference clock stability in such simulations, the correlation loss for coherent integration intervals of 100-200ms would have to be negligible (<0.5dB).  Note that the stability requirements associated with such minimal levels of correlation loss are approximately 0.3 parts per billion (PPB).  Since such stability levels are well beyond the capabilities of candidate handset oscillators, correlation loss issues must be addressed.  Certainly, ideal oscillators cannot be assumed for actual implementations.

For reference, when a quarter-cycle phase shift accumulates during a coherent integration interval, a correlation loss of 3dB results.  Note that such a 3dB loss essentially cancels the levels of sensitivity gain claimed in [3].  When such phase shifts exceed a half-cycle during the coherent interval, the accumulated energy destructively cancels itself and renders the integration result worthless.

Handset Oscillator Limitations:

For handset implementations, it is extremely unlikely that even complex oscillator devices could provide the stability necessary to realize the sensitivity assistance gains claimed in [3].  Even if a high-end oscillator module capable of a few PPB stability could be packaged into a handset, correlation losses of greater than 3dB would still result for coherent intervals in the range of 100-200ms.  Note that stability-related correlation losses experienced during oscillator warm-up periods (2-5 minutes) are even worse than the expected “steady-state” performance.  Obviously, sensitivity assistance is of little use for E-911 scenarios in which the call is attempted very soon after activating the phone.

In response to questions involving warm-up stability of the handset oscillator, supporters of sensitivity assistance have claimed that such concerns are unwarranted since the handset can simply lock its local frequency source to that of the serving BTS.  It is interesting to note that the only response to the question of clock stability in [4] is to lock to the recovered carrier of the BTS transmissions.  This contribution boldly states that such an alternative avoids the need for an ovenized oscillator (OCXO) in the handset.

BTS Clock Stability Limitations:

Unfortunately, there are fundamental problems with depending upon a BTS for such pristine levels of clock stability.  As discussed in previous contributions [5] [6], no stability requirement for BTS clocks is stated in the GSM specifications.  Careful measurements provided in [5] demonstrate that real-world BTS clock stability levels of several PPB are not uncommon.  The ~1.0 m/s BTS clock drifts observed in [5] translate to about 3.0 ns/sec or 5.0 GPS carrier cycles per second.  For coherent intervals of 100ms, such drift rates correspond to phase shifts of around 0.50 cycle.  For 200ms intervals the phase shifts double to about a full cycle.  Recall that a quarter-cycle phase shift translates to a 3dB correlation loss and that phase shifts larger than a half-cycle produce worthless correlations.

It is interesting to note that the E-OTD Broadcast Assitance Specification [7] accounts for BTS drift rates on the order of 10m/s (50 GPS carrier cycles per second).  While such levels of BTS drift rate go unobserved for E-OTD type observation intervals (~500us), such rapid drifts will absolutely destroy coherent GPS correlations when integration intervals are expanded by two or three orders of magnitude (50-500ms).

Key Questions:

This information concerning the stability of the network clocks tends to beg two key questions:

· Is it realistic to expect handset oscillator stability to exceed that of a BTS by one to two orders of magnitude?

· Should existing and future BTS equipment be required to provide 0.1 PPB stability in order to support sensitivity assistance?

Challenge of Locking Handset Frequency to Network Clock:

Furthermore, the assumption that handsets can attain a perfect frequency lock to its serving BTS is flawed as well.  In the GSM air-interface, transmissions are time-bursted unlike the continuous transmissions of CDMA signals.  Handset frequency adjustments are based upon information realized by equalization of relatively short sync words embedded within disjoint bursts.  Typical GSM handset implementations filter such frequency adjustment metrics and then periodically effect the handset reference clock in crude increments of 10-20 Hz or more (not fractions of a Hz).  It is somewhat naive to assume that locking a GSM handset to the network clock in a fluctuating multipath environment is straightforward when ultra-precise (sub-Hz) coherence levels are required.
User Manipulation of the Handset

Simulation Considerations:

Another issue not considered by previous sensitivity assistance simulations concerns physical accelerations of the handset associated with normal manipulation by the user.  Although [3] examined the effects of multipath in conjunction with slow (~1m/s) constant motion, it did not account for the types of user manipulation to be expected during the placement of an E-911 call.

For the GSM datalink, accelerations of 1-2g (10-20m/s2) have negligible effects upon receiver coherence since bit periods are on the order of 4us in duration.  As a result, the only frequency/phase perturbations considered to be significant are those related to the fluctuating behavior of the changing combinations of mutlipath signals.  The minimal effects of user accelerations can often be ignored compared to the dominant effects of the multipath.

However, subtle acceleration levels of as little as only 0.1-0.2g can have significant effects upon RF signal detection when coherent integration intervals span hundreds of milliseconds.  Such effects must be considered for the sensitivity assistance scenarios being discussed!

Examples of User Handset Manipulation:
Consider several basic examples of handset manipulation expected to occur during the placement of an E-911 call:

· Raising handset from abdomen level to ear

· Turning a quarter turn

· Starting to walk

· Combinations of the above

Effects of Accelerative Actions:

Certainly, acceleration levels on the order of 0.1-0.2g can be expected to result from such normal user manipulations of the handset.  In turn, such random changes in velocity generate Doppler drift rates of 5-10 Hz/sec (1-2m/s2) at the L-band GPS frequency.  During 100-200ms coherent integration intervals, phase shifts of 0.5-2.0 cycles can be expected to occur for the signal paths oriented along the direction of the accelerative action.  Furthermore, for a majority of the “off-axis” multipath signals, phase shifts of more than 0.25-1.0 cycles will occur.

Recall that during coherent integration intervals, quarter-cycle phase shifts result in correlation losses of 3dB.  Moreover, phase shifts that exceed one half-cycle produce useless correlation results.  Clearly, manipulation of the handset must be accounted for when assessing the potential benefits of employing extremely long coherent correlation intervals.

Network Complexity Concerns

Level of Network Support Required for Sensitivity Assistance:

Another factor that should be considered when analyzing the overall benefit of an additional set of protocol messages is the corresponding system complexity required to support it.  The basic requirements of the network functions needed to support the proposed sensitivity assistance concept include:

· Satisfy on-demand requests for sensitivity assistance in real-time with minimal delays;

· Provide number of bits specified by user;

· Provide bits centered upon reference bit specified by user;

· Dynamically buffer arbitrary subsets of hundreds of contiguous navigation bits per satellite;

· Format and deliver messages with lengths of 1,000 to possibly 10,000 bits;

· Consider a different satellite visibility set for each local serving area (BTS/BSC);

· Include information for all satellites in view, since obstructions at handset are unknown,;

· Monitor multiple GPS navigation message transmissions at a resolution of 20ms;

· Somehow “predict” requested navigation bits that are assumed to occur in the future.

Prediction of Navigation Bits is Problematic:

It is obvious from these requirements that the impacts of incorporating sensitivity assistance into the network (or SMLC) are not trivial.  In addition to loading considerations, one of the more troublesome network functions is the task of “predicting” future navigation bits before they are actually received.  This issue was highlighted at the September LCS SWG in Phoenix, but no satisfactory answer was provided as to how the network could handle situations when elements of the navigation message would change unpredictably.  These types of message adjustments could involve just a few bits or up to 12.5 minutes of transmission in some cases.  Such situations occur when:

· Ephemeris message cut-overs occur during fit-span updates

· Ephemeris message cut-overs occur following a satellite upload action

· Almanac message cut-overs occur

· Ionospheric model parameter updates occur

· UTC model parameter updates occur

· Changes to health related fields occur

· Changes to “authorized user” related bits occur

· Telemetry word changes

· Changes to military-related bits and message pages

To deal with such situations, the network functions would have to perform at least two additional actions:

· Monitor navigation messages closely and attempt to determine when message change actions will occur;

· Deny requests for sensitivity assistance when message bit changes can be anticipated.

Unfortunately, for cases when bits cannot be predicted reliably, there is a risk that erroneous sensitivity assistance bits will be delivered to the mobile.  Obviously, use of incorrect assistance bits in the mobile will destroy the extended correlation results involved.

Conclusions

Summary of Concerns with Realizing Potential Sensitivity Assistance Benefits:

The primary concerns with the feasibility of sensitivity assistance gains can be summarized as follows:

· Realistic handset oscillators cannot provide the stability levels demanded by sensitivity assistance

· Practical handset oscillators will cause at least 3dB losses during 100-200ms coherent intervals 

· Demands require handset oscillators to provide much better stability than current BTS clocks

· Handset oscillators exhibit even poorer stability during warm-up (turn-on) scenarios

· Demanded stability levels cannot be achieved by alternatively locking the handset to a GSM basestation

· BTS clocks fail to provide the requisite level of stability by an order of magnitude or more

· Furthermore, precisely locking a handset to a BTS is extremely problematic for noisy time-bursted signals

· Simple user manipulation of the handset is easily capable of inducing correlation losses of 3dB or more over 100-200ms coherent intervals

· Requirements placed upon the network for the sensitivity assistance concept are extensive and complex

· Real-time requests involving thousands of bits and multiple satellites must be satisfied upon demand

· Requests must be handled on a per-fix basis

· Navigation bits must be continuously monitored at a resolution of 20ms

· Process of “predicting” navigation bits adds additional complexity to system

· Mechanisms are required to attempt to prevent the distribution of erroneous navigation bits

Hypothetical Scenarios Appropriate for Sensitivity Assistance:

At this point in the ongoing discussion, the proposed technique claims to provide a marginal level (~2dB) of sensitivity improvement over basic 20ms processing if the following combination of specific constraints are imposed upon usage scenarios:

· A handset oscillator with perfect steady-state stability is employed;

· The handset has been activated for at least several minutes (oscillator settled);

· Handset motion is constant and less than 1m/s;

· No user manipulation of the handset occurs.

Clearly, such scenarios are not remotely representative of real-world situations.  As emphasized throughout this contribution, very slight deviations in any of these constraints can easily result in correlation losses of 3dB (or much greater), and thus mitigate any of the gains promised by sensitivity assistance.  

Recommendation:

It is the strong belief of our companies that such unattainable benefits do not deserve the requisite degree of complexity needed to implement the concept.  It follows that we jointly recommend that this concept of sensitivity assistance not be considered for incorporation into the current GPS assistance protocol.
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