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Multi-Constellation Optimization in A-GNSS
Introduction

The Minimum performance requirements applicable to the MSs that support multi-constellation Assisted GNSS are given in [1].
As part of these requirements, the ability of the MS to provide a position fix in weak satellite signals conditions is specified, and referred to as “sensitivity”.

This paper details the sensitivity specification logic, and identifies evolutions which would contribute to improve the location services performance.
Sensitivity use case in the current TS
The following is an extract of the clause O.2.1 of the annex O of document [1].
	O.2.1.1
Coarse time assistance

In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.

Table O.2-1: Test parameters
System

Parameters

Unit

Value

Number of generated satellites per system

-

See Table O.2-2

Total number of generated satellites 

-

6

HDOP range
1.4 to 2.1

Propagation conditions 

-

AWGN

GANSS coarse time assistance error range

seconds

(2

Galileo

Reference high signal power level 
dBm
-142

Reference low signal power level

dBm

-147
GPS(1)
Reference high signal power level

dBm
-142

Reference low signal power level

dBm

-147

GLONASS
Reference high signal power level

dBm
-142

Reference low signal power level

dBm

-147

NOTE 1:   ”GPS” here means GPS L1 C/A, Modernized GPS, or both, dependent on MS capabilities.

Table O.2-2: Power level and satellite allocation
Satellite allocation for each constellation

GNSS-1(1)
GNSS-2

GNSS-3

Single constellation

High signal level

1

-

-

Low signal level

5

-

-

Dual constellation

High signal level

1

-

-

Low signal level

2

3

-

Triple constellation

High signal level

1

-

-

Low signal level

1

2

2

Note 1: 
For GPS capable receivers, GNSS-1, i.e. the system having the satellite with high signal level, shall be GPS.




Impact of System time estimate accuracy

This part of the specification handles the use case “Coarse time assistance”, i.e. the situation when the MS is provided with only coarse estimate of the current GNSS time in order to search and acquire the GNSS signals.

The relevancy of this use case is highlighted below.
· In order to be able to provide a position fix, the GNSS receiver needs to :

1. Properly synchronize the local spreading code replicas on the incoming signals. This is done via a search of the correlation peak across the time/frequency search domain, and across the various GNSS PRNs
· After that, the tracking loops can be closed. Code and carried phase are available for each LOS.

2. Generate the range estimate measurements (most probably pseudorange), by time tagging the received code chips transmission time (at SV level). For most civil positioning signal, this time tagging is usually done at receiver level by demodulating from the GNSS signals a time tag information, imbedded by the SV at 
· At that point, pseudorange on each available LoS are generated

3. Demodulate Constellation Almanac from the tracked signal(s). This provides orbital parameters from the other satellites, improving the signal search for additional Satellites

4. Finally, once 4 LOS are tracked, compute the position fix.

· This is the final step, providing the position fix.
· For the case of Assisted-GNSS, as envisioned in our framework, some “a priori” known information simplify the process :
· Orbital parameters, MS position estimate (via serving cell information), and at least a rough GNSS time estimate allows to dramatically narrow the search domains
· It reduces duration of step 1 above

· It cancels need for step 3 above

· When a GNSS time estimate better than the spreading code period is available, spreading code ambiguity can be resolved

· It allows to achieve step 2 with no need to carry out data demodulation.
Note that in [1], the “fine time assistance” use case envisions a time estimate error range of 10 µs, which is below the code periods of all GNSSs (typically above 1ms)

The following diagram summarizes the acquisition process in the coarse time assistance use case.
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Figure 1 Sensitivity Use Case Logic
It is highlighted that :

· Step 3 does not take place,
· Step 2 is needed for the 1st SV only,
· Step 1 for SV 2 to 4 is quicker than Step 1 for SV1 (better system time estimate)

Origin of high and low signal power level
Base on this approach, the specification envisions 2 different reference signal power levels (high and low). This is due to the fact that 2 different signal processing techniques take place during the tracking establishment 

· On one hand signal detection level (step 1 above), with the objective to synchronize the local code replica with the incoming signal
· On the other hand, data demodulation from the GNSS signals, in order to obtain the time of week information

As illustrated below, these 2 techniques do not require the same level of signal to noise ration.
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Figure 2 Receiver signal processing thresholds
Based on state of the art techniques used in the various GNSS for data modulation and signal structure, demodulation is always more demanding than detection.

Consequently :

· High signal power level is specified for the satellite used to refine the GNSS time estimate (SV1 in the diagram above)
· Low signal power level is then specified for the upcoming satellites, for which signal detection only is executed

Given the fact that this use case cover MS sensitivity, it ensures that the specification contains the minimum signal power levels enabling a position fix.
Relevancy for operational use case 

The 5 use cases considered in [1] for A-GNSS minimum performance requirements (Sensitivity, Nominal accuracy, Dynamic range, Multipath scenario, and Moving scenario and periodic location) are all well oriented towards lab testing.

Still, ad far as sensitivity is concerned, the use case has also been tailored to keep a good level of relevancy with real-life operation condition.

Indeed, when under partial sky masking (typically indoor reception conditions), a MS can face similar situation as the one covered by the sensitivity use case. In that case, the specification ensures that the MS design allows to take advantage of the available “clear” signals” in order to potentially acquire the “masked” signals.

This is illustrated in the diagram below.
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Figure 3 Link with operational use case
Proposed evolution

This section proposes a TS evolution based on an analysis of the limitation of the current wording.

Current specification limitation

An significant limitation of the use case lies in the note 1 of table O-2.2, and is reminded below :
“Note 1: 
For GPS capable receivers, GNSS-1, i.e. the system having the satellite with high signal level, shall be GPS.”

This implies a number of limitations regarding the receiver performance :

A. For GPS capable receivers, in situation of partial masking and when the satellite with high signal level belongs to another GNSS than GPS, no minimum performance requirement applies to the MS

This is illustrated in the diagram below.
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Figure 3 GNSS-1 is NOT the GNSS to which satellite with high signal level belong
No Minimum performance requirement are applicable
It is highlighted that it yields a significant loss of position availability for the associated indoor use-cases. Some simulation were carried out for a typical indoor environment in [2], indicating that fix availability jumps from around 30 to 35% of time for GPS-only receivers, to around 55% for receivers symmetrically processing 2 constellations.
B. In addition, with the current specification wording, a “claimed” dual constellation receiver (GPS + GNSSx, GNSSx being a non-GPS GNSS) can demonstrate compliance to TS 45.005 sensitivity “dual constellation” use case by processing GPS only.
Indeed, the specification imposes GNSS-1 being GPS. Since the 2D position (“horizontal position”, as required in clause O.1.2.1 of Annex O of [1]) can be computed with 3 satellites only, a GPS-only compatible Receiver can pass the sensitivity “dual constellation” use case.
Specification evolution

In order to solve this issue, it is proposed to ensure that the receivers process symmetrically the GNSS is supports. This can be done by updating the note1 as follows :

“Note 1: 
For GPS capable receivers, GNSS-1 shall be GPS.”

“Note 1: 
GNSS-1 , i.e. the system having the satellite with high signal level, shall be randomly selected among the GNSSs supported by the receiver.”

This solves both limitations listed in the previous section.
Conclusion
In a nutshell, it is proposed to reword the Note1 of table O.2-2 of [RD1] in order to ensure that handsets supporting several constellation implement state-of-the-art multi-constellation processing.
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