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1
Introduction

Tdoc GP-091037 presented at GERAN#42 in Shenzhen contains the current baseline text for the GANSS Minimum Performance requirements to be included in 3GPP TS 45.005, once completed. 

This contribution proposes the Multipath Test scenario, currently missing in GP-091037. 
2
Background
The current A-GPS multipath test is also proposed for GNSS, in order to test the receiver’s capability to handle multipath effects while keeping the test set-up simple. Since the GNSS test scenarios may also include the GPS L1 C/A signal, this would also mean that no changes to the A-GPS requirements are needed. It also has the advantage, that it is in principle already implemented in satellite simulators, does not require many new hardware simulator channels, and does not require fading simulators. 
The multipath parameters (delay and power of the reflection) are modified so that the same “challenge level” for the receiver is obtained for L1/E1/G1 signal types. L5/E5 signals are included in the test, but no separate requirements are proposed for minimum performance. 
The current A-GPS multipath test uses a Line-of-Sight to Multipath (LOS/MP) power ratio of 6 dB, and a delay of the reflection of 0.5 chips (about 150 m). Using these parameters, the maximum multipath error for a standard early-minus-late envelope discriminator with 1-chip early-late spacing would be about -56 to +46 meters. This is shown by the blue curve in Figure 2 (BPSK(1); at 150 m delay, the maximum multipath error is between -56 and +46 meters). 

The multipath envelops for the Galileo E1 signal (BOC(1,1)) and Glonass G1 signal (BPSK(0.5)) are simulated using various LOS/MP ratios, as shown in Figure 1. The horizontal lines in Figure 1 show the -56/+46 meter limit as defined by the current A-GPS multipath model. From these two Figures, the LOS/MP ratio and multipath delay can be selected so that the maximum multipath error is essentially the same as for the GPS L1 C/A signal. This is the case for the following parameters:
	
	Relative Delay of Reflection [m]
	Relative Power of Direct Path  [dB]
	Relative Power of Reflection [dB]

	GPS
	L1 C/A  (BPSK(1)
L2C      (BPSK(1))
L1C      (BOC(1,1))
	150

150

125
	0

0

0
	-6

-6

-4.5

	Galileo
	E1        (BOC(1,1))
	125
	0
	-4.5

	Glonass
	G1       (BPSK(0.5))
G2       (BPSK(0.5))
	275

275
	0

0
	-12.5

-12.5


The multipath envelopes for these parameters are summarized in Figure 2. With these parameters, the following maximum errors would be obtained:

	
	Max. Envelop Error [m]

	GPS
	L1 C/A

L2C

L1C
	-56…46

-56…46

-57…48 

	Galileo
	E1
	-57…48 

	Glonass
	G1

G2
	-55…47
-55…47


Therefore, using the multipath paramaters as defined in the Table above essentially the same error would be obtained for all GNSS signals under consideration. This means that the performance requirements do not need to be different between different signals, since the test parameters are adjusted instead so that the same “challenge level” for the receiver is obtained.  

[image: image1]
Figure 1: Multipath envolopes for Glonass G1 (BPSK(0.5)) and Galileo E1 (BOC(1,1)) for various LOS/MP power ratios.
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Figure 2: Multipath envelopes for GPS L1 C/A (BPSK(1), blue), Galileo E1 (BOC(1,1), green), and Glonass G1 (BPSK(0.5), red) signal using the proposed LOS/MP power ratios.
3
Recommendation

It is proposed to include the attached changes in the next revison of the GANSS Minimum Performance Requirements baseline text. 

O.2.4
Multi-Path scenario


The purpose of the test case is to verify the receiver's tolerance to multipath while keeping the test setup simple. This test case verifies the performance of the first position estimate.

In this requirement 6 satellites are generated for the terminal. Some of the satellites have a one tap channel representing Line-Of-Sight (LOS) signal. The other satellites have two-tap channel, where the first tap represents LOS signal and the second reflected and attenuated signal as specified in subclause O.4.2. The number of satellites generated for each GNSS as well as the channel model used depends on the number of systems supported by the MS and is defined in Table O.2.14. The channel model as specified in subclause O.4.2 further depends on the generated signal.
Table O.2.13: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table O.2.14

	
	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 signal power level 
	dBm
	-127

	GPS(1)
	Reference signal power level
	dBm
	-128.5

	Glonass
	Reference signal power level
	dBm
	-131

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


Table O.2.14: Channel model allocation
	
	Channel model allocation for each constellation

	
	GNSS-1
	GNSS-2
	GNSS-3

	Single constellation
	One-tap channel
	2
	--
	--

	
	Two-tap channel
	4
	--
	--

	Dual constellation
	One-tap channel
	1
	1
	--

	
	Two-tap channel
	2
	2
	--

	Triple constellation
	One-tap channel
	1
	1
	1

	
	Two-tap channel
	1
	1
	1


O.2.4.1
Minimum Requirements (multi-path scenario)

The position estimates shall meet the accuracy and response time requirements in table O.2.15. 

Table O.2.15: Minimum requirements

	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


O.4
Propagation Conditions

O.4.1
Static propagation conditions

The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment. No fading and multi-paths exist for this propagation model.

O.4.2
Multi-path Case

Doppler frequency difference between direct and reflected signal paths is applied to the carrier and code frequencies. The Carrier and Code Doppler frequencies of LOS and multi-path for GANSS signals are defined in table O.4.1.

Table O.4.1: Multipath Case

	Initial Relative Delay
 [m]
	Carrier Doppler frequency of tap [Hz]
	Code Doppler frequency of tap [Hz]
	Relative mean Power [dB]

	0
	Fd
	Fd / N
	0

	X
	Fd-0.1
	(Fd-0.1) /N
	Y

	NOTE:
Discrete Doppler frequency is used for each tap.


Where the X and Y depends on the GNSS signal type and is shown in Table O.4.2, and N is the ratio between the transmitted carrier frequency of the signals and the transmitted chip rate as shown in Table O.4.3 (where k in Table O.4.3 is the Glonass frequency channel number). 

Table O.4.2: 

	System
	Signals
	X [m]
	Y [dB]

	Galileo
	E1
	125
	-4.5

	
	E5a
	15
	-6

	
	E5b
	15
	-6

	GPS/Modernized GPS
	L1 C/A
	150
	-6

	
	L1C
	125
	-4.5

	
	L2C
	150
	-6

	
	L5
	15
	-6

	Glonass
	G1
	275
	-12.5

	
	G2
	275
	-12.5


Table O.4.3: 

	System
	Signals
	N

	Galileo
	E1
	1540

	
	E5a
	115

	
	E5b
	118

	GPS/Modernized GPS
	L1 C/A
	1540

	
	L1C
	1540

	
	L2C
	1200

	
	L5
	115

	Glonass
	G1
	3135.03 + k ( 1.10

	
	G2
	2438.36 + k ( 0.86


The initial carrier phase difference between taps shall be randomly selected between [0, 2(). The initial value shall have uniform random distribution. 
1
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