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Multi-Constellation Optimization for Sensitivity Performance
Introduction

Technical Specification 45.005 Annex O §2.1 [1] provides the Sensitivity requirements applicable to MS that support multi-constellation Assisted-GNSS. The test case §2.1.1 Coarse time assistance considers that the network provides only a coarse time information to the MS, forcing the MS to retrieve the system fine time information from one satellite navigation high signal. In this test case, the satellite with the highest signal level is noted GNSS-1. 

When the sensitivity specification was approved in the GERAN#44 November 2009 meeting, only the GPS navigation system was available. Based on this, It was decided to take a GPS satellite as the GNSS-1, keeping the possibility to review this specification with the evolution of the GNSS space segment (see GERAN#44 Report [2], §7.1.5.3.1). 
Since 2009, the GNSS landscape has evolved with the deployment of several navigation constellations such as GLONASS, BeiDou, and Galileo. At the same time, performances improvement in indoor and urban environment become of high interest. Multi-constellation processing is one of the techniques currently considered to improve the performances.
Along this path, the revision of the sensitivity specification appears unavoidable to take advantage of the multitude of the navigation signals at the MS level.
Sensitivity use case definition
The Sensitivity requirements aim at testing the ability of the MS to provide a position fix in weak satellite signals conditions. The most challenging situation for the MS is when it can only use the coarse time assistance. In this case, at least one powerful GNSS signal has to be acquired prior to deduce the system fine time. This document analyses this particular sensitivity use case. 
The specification section dealing with the Coarse time assistance use case (clause O.2.1 of the Annex O of document [1]) is reminded below: 
	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.

      


Multi-constellation optimization and TTFF
The main advantage of multi-constellation processing consists on the improvement of navigation signals availability in indoor and urban environment, which de-facto leads to a better TTFF (Time To First Fix) and overall a better availability even in constraining environment.
Relevancy of indoor positioning
The important issue of indoor positioning is handled at 3GPP level in the RAN1 Working Group through the Working Item “Study on Indoor Positioning Enhancements for UTRA and LTE” that was created with the support of numerous entities [3]. 
At the institutional level, the topic is also studied: for instance, the US Federal Communications Commission (FCC) is currently supporting actions to enhance 911 emergency call capability on in-building positioning [4] by improving first the availability of the position and thereof its horizontal and vertical accuracy. 
The improvement brought by multi-constellation processing to suitable handsets should be captured in the Technical Specification 45.005 Annex O §2.1.
Current multi-constellation specification limitation

Currently, when the satellite with the highest signal level belongs to another GNSS constellation than GPS, “Note 1” of Table O.2-2 implies that for GNSS capable receivers, no minimum performance requirement applies, and consequently no minimum performance on the TTFF exists, and even consequently no minimum expectations in terms of availability.
This leads to a significant limitation in the cases of partial masking for GNSS signals, commonly met in urban and indoor environment, when the MS is surrounded by buildings.
The simulation done below studies a MS in a constrained area with partial masking. In this scenario, only a limited space area can be seen by the MS without attenuation (meaning that the MS is able to acquire a high navigation signal), meanwhile, the other navigation signals are attenuated (e.g. by a wall for instance). This is typically the situation encountered when a user has limited portion of sky visible as it is the case when the MS is close to a window. 
As typical example of Urban area, the location chosen for the simulation is the 3GPP Hilton Conference Center in San Francisco (latitude 37.78° N, longitude 122.42° W).

The space area size without attenuation applied to GNSS signals has the following characteristics:

· 60° aperture in azimuth;

· Elevation range between 30° to 70°.
Two different localizations of the non-attenuated areas were chosen: 
· one toward the South ( Simulation 1; 
· the other one toward the North ( Simulation 2.
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Figure 1: GNSS signal with a partial masking
In each simulation, the probability for the MS to compute a position fix was calculated under the following assumptions:
· Case 1: Only GPS satellites can be used as GNSS-1;
· Case 2: Satellites belonging to an other constellation than GPS can be used: 
· Case 2.1 : use of a Galileo/GPS receiver;
· Case 2.2 : use of quadri-constellations receiver: GPS/GLONASS/BeiDou/Galileo.
The constellations considered for each case were propagated around the Earth during 2 days with a 100-seconds step:
· GPS constellation: with the current 32 satellites. Real 2014 ephemerids were used [5].
· GLONASS constellation: with the current 27 satellites. Real 2014 ephemerids were used.
· BeiDou constellation: with the future 27 satellites that will compose the constellation (4 MEO satellites at this time).
· Galileo: with the future 27 satellites constellation (6 satellites at this time).

At each step of the simulation, for each constellation, the visible satellites by the receiver were identified.

Simulation 1: South visibility
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Figure 2 presents the different constellations (GPS, GLONASS, BeiDou and Galileo) simulated during 2 days. The green area indicates the satellites visible by the MS without attenuation (or at high level), allowing to deduce fine timing.

Figure 2: visibility of the different constellations, receiver looking at the South
Case 1: GPS processing

When only GPS satellites are used as GNSS-1, the probability to compute a position fix is 41.97 %. This probability corresponds to the situation where the MS can catch at least one GPS satellite at high level. In 58.03% of the time, there is no GPS visible at high level, thus the receiver cannot operate in the situation of Test case O.2.1.1
Case 2: Multi-constellation processing

Case 2.1: When the MS processes in an equally manner GPS and Galileo satellites, the probability to have a position fix jumps to 76.65 %.
Remark: using Galileo satellites only, the probability is 57.11%.
Case 2.2: When the MS processes equally GPS, GLONASS, BeiDou and Galileo satellites the probability to have a position fix is increased to 91.56 %
Remark: using GLONASS satellites only, the probability is 44.74 % ; using BeiDou satellite only, the probability is 51.45 %.
Simulation 2: North visibility

At this latitude, the visibility of navigation satellites toward the North is extremely low. 

Figure 3 presents the different constellations (GPS, GLONASS, BeiDou and Galileo) simulated during 2 days. The green area indicates the satellites visible to the MS, allowing to compute a position fix.
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Figure 3: visibility of the different constellations, receiver looking at the North
Case 1: GPS processing

When only GPS satellites are used as GNSS-1, the probability to compute a position fix is 11.45 %.

Case 2: Multi-constellation processing

Case 2.1: When the MS process in an equally manner GPS and Galileo satellites, the probability to have a position fix jumps to 23.70 %.
Remark: using Galileo satellites only, the probability is 12.72 %.
Case 2.2: When the MS process equally GPS, GLONASS, BeiDou and Galileo satellites the probability to have a position fix increased to 49.02 %
Remark: using GLONASS satellites only, the probability is 28.32 % ; using BeiDou satellite only, the probability is 12.02 %.
Results analysis 
It is shown above that for a multi-constellation GNSS capable receivers, the benefit of processing symmetrically the different constellations is significant. The probability of having a computation fix is nearly multiplied by 2 in case of a GPS/Galileo receiver. For a quadri-constellations receiver (GPS/GLONASS/BeiDou/Galileo), the results are meaningful: the probability reached increases from 41.97 % to 91.56% in simulation 1 (South visibility), and from 11.45 % to 49.02 % for simulation 2 (North visibility).
Proposed evolution
The limitation presented above regarding receiver performances of the Sensitivity use case lies in “Note 1” of table O-2.2 [1].

In order to solve this issue, it is proposed to ensure that the receivers process in an equitable manner GNSS constellations supported. Consequently, “Note 1” is amended 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

Conclusion
By updating the TS 45.005 Multi-constellation Sensitivity use case as it is preconized in this paper, MSs locations capabilities will be improved by taking advantage from the equal processing between navigation constellations.
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