[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #70 Bis	R4-141444
San Jose del Cabo, Mexico, March 31-April 4, 2014

[bookmark: Source]Agenda item:	4.2.3
Source: 	Qualcomm Incorporated
Title: 		PRS Signal Levels in RSTD Reporting Tests with Fading Channels
Document for:	Discussion
Introduction
RSTD reporting requirements based on PRS transmissions were introduced in Rel.9. Reporting accuracy and delay requirements, and corresponding test cases were developed and introduced in [1]. Even though the reporting accuracy requirements are defined under AWGN, the reporting delay test cases are performed under fading channel with some added margin compared to the AWGN requirement. In this paper we analyze these margins and argue that they should be increased to guarantee a 90% PRS detection probability.
Discussion
Currently defined requirements and test cases
The RSTD reporting accuracy requirements are defined in [1] in Section 9.1.10. Based on these requirements, a UE should be able to detect and measure the RSTD based on PRS if the following conditions are met:
The UE physical layer shall be capable of reporting RSTD for the reference cell and all the neighbor cells  out of at least  neighbor cells within provided:
 for all frequency bands for the reference cell,
 for all frequency bands for the neighbor cell ,
and  conditions apply for all subframes of at least  PRS positioning occasions where  for intra-frequency OTDOA with .

While the tests to check for this specific requirement are defined using an AWGN channel, the tests that verify the reporting delay accuracy use fading channels such as ETU30. The intra-frequency reporting delay test is defined in [1] in Section A.8.12. Below we reproduce the table that contains the signal levels used in this test and mark in red the signal level that are of most interest.
Table A.8.12.1.1-3: Cell-specific test parameters for E-UTRAN FDD intra-frequency RSTD measurement reporting delay under fading propagation conditions during T2 and T3
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	
	
	T2
	T3
	T2
	T3
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1
	1

	OCNG patterns defined in A.3.2.1
	
	OP.5 FDD
	OP.6 FDD
	OP.6 FDD
	N/A

	PBCH_RA
	dB
	0
	0
	0
	N/A

	PBCH_RB
	
	
	
	
	

	PSS_RA
	
	
	
	
	

	SSS_RA
	
	
	
	
	

	PCFICH_RB
	
	
	
	
	

	PHICH_RA
	
	
	
	
	

	PHICH_RB
	
	
	
	
	

	PDCCH_RA
	
	
	
	
	

	PDCCH_RB
	
	
	
	
	

	OCNG_RANote 1
	
	
	
	
	

	OCNG_RBNote 1 
	
	
	
	
	

	PRS_RA
	dB
	-6
	N/A
	N/A
	0
	0
	N/A

	
 Note 3
	dBm/
15 kHz
	-98
	-95
	-98
	-95
	-98
	-95

	
PRS  
	dB
	-4
	-Infinity
	-Infinity
	-10
	-10
	-Infinity

	
PRS  Note 4
	dB
	-4.41
	-Infinity
	-Infinity
	-10
	-11.46
	-Infinity

	Io Note 4
	dBm/
9 MHz
	-69.87
	-67.15
	-69.87
	-67.15
	-69.87
	N/A

	PRP Note 4
	dBm/
15 kHz
	-102
	-Infinity
	-Infinity
	-105
	-108
	-Infinity

	RSRP Note 4
	dBm/ 15 kHz
	-96
	-93
	-105
	-105
	-108
	-Infinity 

	
 Note 4
	dB
	2
	2
	-7
	-10
	-10
	-Infinity

	Propagation Condition 
	
	ETU30

	Note 1: 	OCNG shall be used such that active cells (all, except Cell 3 in T3) are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols other than those in the subframes with transmitted PRS. There is no PDSCH allocated in the subframes with transmitted PRS.
Note 2:	The resources for uplink transmission are assigned to the UE prior to the start of time period T2.

Note 3: 	Interference from other cells and noise sources not specified in the test are assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for  to be fulfilled.


Note 4: 	If PRS_RA is not “N/A”, , PRS , Io, RSRP and PRP levels have been derived from other parameters and are given for information purpose. If PRS_RA is “N/A”, Io and RSRP levels have been derived from other parameters and are given for information purpose. These are not settable test parameters. Interference conditions shall be applied to all PRS symbols of DL positioning subframes.



In this test, three cells with same  exist with different muting patterns. In time interval T2, cells 1 and 3 are active and cell 2 has muted PRS transmission. In this analysis we focus on T2, however, the same reasoning can be applied for T3. Since cells 1 and 3 are colliding in frequency and time, they create interference to each other. So effectively:




Plugging the above two formulas in the accuracy conditions shown above and solving for  and  results in:
 (1)
 (2)
As the propagation channel in the above tests is set to ETU30 fading, the PRS signals are bound to go through fades and attenuate. Combining the conditions set in the test (highlighted in red in Table A.8.12.1.1-3) and the expectations of (1) and (2) above we obtain


In other words, for the conditions in (1) and (2) to be satisfied, cell 1 PRS SNR should not fade more than 1.7 dB in at least  occasions. Similarly, cell 3 PRS SNR should not fade more than 2 dB in at least  occasions.
The probability of staying within the above range is investigated next. To make this a mathematically tractable problem, we assume a single-path fading profile instead of ETU. The Doppler rate is still assumed to be based on 30Hz mobility. 
The Level Crossing Rate (LCR) is invoked to derive the probability of interest. The LCR at threshold  is the expected rate at which the normalized envelope passes the value  with a positive slope [2]. The value of  is with respect to RMS value of the envelope. For Rayleigh fading, the LCR is given by

Where is the maximum Doppler frequency. The average fade duration is the average period of time the normalized envelope is below the level  and is given by

The key point here is that the above two formulae are with respect to RMS of the envelope. It is straightforward to show that X dB drop in power is equivalent to X/2 drop in RMS of the envelope. 
With a Doppler spread of 30Hz and assuming  for cell1 and  for cell3, the Table 2.1-1 can be derived. 
Table 2.1-1 Signal level statistics for fading channels for cells 1 and 3
	Cell Number
	Drop in PRS power
	LCR threshold 
() (dB)
	LCR (fade/second)
	Avg fade duration  (ms)
	Percentage of time staying below  in 1 sec

	1
	-1.7
	-0.85
	31.4
	15.6
	49.1%

	3
	-2.0
	-1.0
	31.8
	14.7
	46.8%


So the probability of satisfying both conditions for cells 1 and 3 is  or only 27% in each second.
To confirm the above theoretical analysis, simulations were run generating 100,000 samples of a Rayleigh fading channel with ETU30 profile as well as single-path profile. Samples were 1 ms apart. The probability of dropping below -0.85 dB and -1.0 dB of RMS value are very close to what the theoretical formulae and the table above predict. Table 2.1- 2 below summarizes the comparison of simulation and theory results with Doppler spread of 30 Hz.

Table 2.1-2 Comparison of percentage values obtained through theoretical analysis and simulation
	LCR threshold
() (dB)
	Percentage of time staying below  in 1 sec

	
	Theory
	Simulation 1-path fading
	Simulation ETU30

	-0.5
	54.8
	54.9
	54.8

	-1.0
	46.8
	47.1
	46.9

	-1.5
	39.4
	39.7
	39.5

	-2.0
	32.8
	33.0
	32.8

	-2.5
	27.1
	27.2
	27.1

	-3.0
	22.2
	22.2
	22.2

	-3.5
	18.1
	18.1
	18.1

	-4.0
	14.7
	14.6
	14.7



The test shown above(Section A.8.12.1) expects a detection rate of above 90% for all cells 1, 2, and 3. However, based on the analysis shown above this cannot be achieved simultaneously considering the PRS detection conditions currently defined in the specifications (equations 1 and 2 above).
New Conditions for RSTD Tests with Fading Channels
In this section, we examine how much PRS  should be increased for the active cells to satisfy the conditions set in 36.133. We assume the differential power levels are maintained as they are in current test specification. Table below summarizes the probabilities for each new value of . To maintain a detection rate above 90%, we argue that the conditions must be satisfied above 90% across 4 successive occasions. Therefore,  which means that the percentage of time staying below  in  for one cell is  (For simplification, we treat both cells with the same  even though cell1 requires slightly lower - 0.3 dB - value. So ). To account for 4 successive occasions, the LCR is multiplied by 1.28 to give the number of fades per 1.28 seconds.
Table 2.2-1 Probability of signal levels being below a certain threshold
	Increase in PRS  (dB)
	LCR threshold
() (dB)
	LCR * (1.28 s)
( (%)

	2
	-1
	59.9

	3
	-1.5
	50.4

	4
	-2
	42.0

	5
	-2.5
	34.7

	6
	-3
	28.4

	7
	-3.5
	23.1

	8
	-4
	18.7

	9
	-4.5
	15.1

	10
	-5
	12.2

	11
	-5.5
	9.8

	12
	-6.0
	7.8

	13
	-6.5
	6.2

	14
	-7.0
	5.0



Based on the values shown in Table 2.2-1 it can be concluded that the PRS Es/Noc values should be increased by 12dB in order to guarantee that a UE which meets the RSTD measurement accuracy requirements can also pass the RSTD tests run under ETU30 fading channels.
Conclusion
In this paper we analysed the PRS signal levels used in RSTD reporting tests run under fading channels. Based on our analysis the currently used signal levels are too low to guarantee that a UE compliant to the measurement accuracy requirement can pass these tests.
Based on the analysis in Section 2.2 we propose to increase the PRS   by 12 dB. 
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