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1 Introduction
In RAN4#68bis and #69 meetings link level simulation results for RSTD measurement under wider and smaller BW are submitted by interested companies in [1]~[8]. The summary of inputs from interested companies is given in [9]. 
In this contribution TP on performance characterization of Wide and Small BW RSTD measurement is proposed for positioning enhancement SI. 
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5.3
RSTD measurement performance for OTDOA

<Text will be added.>
5.3.1 
Simulation assumptions

In this section, the simulation assumptions for RSTD evaluation are provided. 

· Simulation assumption for RSTD measurement
Table 5.3.1-1 Simulation assumptions for RSTD measurement

	Parameter
	Value

	Cell layout
	· 3 cells at distinct locations

·  the distances between each cell and target UE are identical

· Same ISD between cells

	Cell ID scenarios
	(0, 1, 2), 

(0, 6, 12) (baseline)

	Network synchronization
	· Synchronous with time shifts <0,0, CP/2>
· Asynchronous with time shifts: <0, 250us, 450us>

	Duplex modes
	FDD and TDD

	TDD specific parameters
	Uplink-downlink configuration
	1

	
	Special subframe configuration
	6

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	· 3 km/h

· 30 km/h

	Carrier bandwidth
	· 15 MHz, 20 MHz

· 10 MHz (baseline for benchmarking with Rel-9)

	Channel model
	ETU, EPA, AWGN

	Noc (does not include received powers of the three simulated cells), [dBm/15kHz]
	AWGN,  values are TBD

	SINR for three cells, [dB]
	(Reference cell, neighbour cell 1, neighbour cell 2) = (-6,-13,-13)

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS), full or partial alignment

	Number of consecutive positioning subframes
	1

	Number of positioning occasions for a positioning fix
	1

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth


5.3.2 
Performance characterization

In this clause the performance gains are evaluated by using link level simulation based on the simulation assumptions in clause 5.3.1.
5.3.2.1 Link level simulation results

· Simulation results for larger BWs
Table 5.3.2.1-1 to 5.3.2.1-5 provides the simulation results submitted by interested companies. 

Table 5.3.2.1-1. RSTD link level simulation results (Alcatel-Lucent)
	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
	[image: image11.jpg]CDF (%)

100

80

60

40+

30

20+

Figure 6. BW=15MHz, Cell IDs=(0 6 12) AWGN

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T T

i
-0.5

RSTD Error (Ts)

0

0.5 1

1.5




[image: image12.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 7. BW=15MHz, Cell IDs=(0 6 12) EPAS

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T

4 3 2 ]
RSTD Error (Ts)

0

1 2





[image: image13.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 8 BW=15MHz, Cell IDs=(0 6 12) EVAS

—

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)

RSTD Error (Ts)

4 6





[image: image14.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 9. BW=15MHz, Cell IDs=(0 6 12) EVA70

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T T

RSTD Error (Ts)

1 2 3 4




[image: image15.jpg]CDF (%)

100

Figure 10. BUW=15MIHz, Cell IDs=(0 6 12) ETU70

s

[———RsTD(Cell 1, Cell 2)

—— RSTD(Cell 1, Cell 3)
T

RSTD Error (Ts)

10

15




	[image: image16.jpg]CDF (%)

100

80

70+

50+

30

20+

Figure 6. BW=15MHz, Cell IDs=(0 1 2) AWGN

e

[———RsTD(Cell 1, Cell 2)
——— RSTD(Cell 1, Cell 3)
;

RSTD Error (Ts)

0.5 1

1.5




[image: image17.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 7. BW=15MHz, Cell IDs=(0 1 2) EPAS

e

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T T

RSTD Error (Ts)

2 3




[image: image18.jpg]CDF (%)

100

80

60

40+

30

20+

Figure 8 BW=15Mz, Cell IDs=(0 1 2) EVAS

i

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)

i i
-0.5 0 05

RSTD Error (Ts)

T
1 1.5 2

25




[image: image19.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 9. BW=15MHz, Cell IDs=(0 1 2) EVA70

e

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)

i
-05 0 0.5

RSTD Error (Ts)

1 1.5





[image: image20.jpg]CDF (%)

100

90

80

70

60

50

40

30

20

Figure 10. BUW=15MIHz, Cell IDs=(0 1 2) ETU70

e

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T

RSTD Error (Ts)

2 3





	20MHz
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Figure 12. BUW=20MIz, Cell IDs=(0 6 12) EPAS

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T T

5 4 3

2 2
RSTD Error (Ts)

1 2 3




[image: image23.jpg]CDF (%)

100

Figure 13. BUW=20MIz, Cell IDs=(0 6 12) EVAS

—— RSTD(Cell 1, Cell 2)
—— RSTD(Cell 1, Cell 3)
T

RSTD Error (Ts)

2 3 4





[image: image24.jpg]CDF (%)

100

90

80

70

60

50

40

30

20
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Figure 15. BUW=20MHz, Cell IDs=(0 6 12) ETU70
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Table 5.3.2.1-2. RSTD link level simulation results (Huawei)
	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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	Asynchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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Table 5.3.2.1-3. RSTD link level simulation numeric results (Huawei)
	Time alignment
	BW[MHz]
	Cell IDs
	SINRs [dB]
	Cell 2
	Cell 3

	
	
	
	
	RSTD error, [Ts]
	RSTD error, [Ts]

	
	
	
	
	AWGN
	EPA
	ETU
	AWGN
	EPA
	ETU

	Synchronous cases
	10
	<0,6,12>
	<-6,-13,-13>
	0.6
	2.0
	5.8
	0.6
	1.9
	5.1

	
	
	<0,1,2>
	<-6,-13,-13>
	0.7
	2.1
	5.1
	0.6
	2.2
	5.3

	
	15
	<0,6,12>
	<-6,-13,-13>
	0.2
	1.5
	3.7
	0.2
	1.5
	3.9

	
	
	<0,1,2>
	<-6,-13,-13>
	0.2
	1.5
	3.7
	0.1
	1.5
	4.0

	
	20
	<0,6,12>
	<-6,-13,-13>
	0.2
	1.2
	3.0
	0.2
	1.1
	3.0

	
	
	<0,1,2>
	<-6,-13,-13>
	0.2
	1.2
	3.2
	0.1
	1.1
	2.8

	Asynchronous cases


	10
	<0,6,12>
	<-6,-13,-13>
	2.3
	3.7
	5.3
	2.4
	3.5
	5.8

	
	
	<0,1,2>
	<-6,-13,-13>
	2.3
	3.7
	5.8
	2.3
	3.8
	6.2

	
	15
	<0,6,12>
	<-6,-13,-13>
	1.0
	1.9
	3.9
	1.0
	2.0 
	3.7

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	2.1
	3.8
	1.0
	1.9
	4.0

	
	20
	<0,6,12>
	<-6,-13,-13>
	1.0
	1.8
	2.8
	1.0
	1.8
	2.9

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	1.8
	3.2
	1.0
	1.7
	3.1


Table 5.3.2.1-4. RSTD link level simulation results (Intel)
	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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Table 5.3.2.1-5. RSTD link level simulation results (Qualcomm)
	Synchronous cases

	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)
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	Collective results for all the cases
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· Simulation results for smaller BWs
Table 5.3.2.1-6 to 5.3.2.1-7 provides the simulation results submitted by interested companies. 
Table 5.3.2.1-6 RSTD link level simulation results (Huawei)
	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	1.4MHz
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	Asynchronous cases
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Table 5.3.2.1-7. RSTD link level simulation numeric results (Huawei)
	Time alignment
	BW[MHz]
	Cell IDs
	SINRs [dB]
	Cell 2
	Cell 3

	
	
	
	
	RSTD error, [Ts]
	RSTD error, [Ts]

	
	
	
	
	AWGN
	EPA
	ETU
	AWGN
	EPA
	ETU

	Synchronous cases
	1.4
	<0,6,12>
	<-6,-13,-13>
	2.8
	4.6
	12.0
	3.2
	5.7
	10.0

	
	
	<0,1,2>
	<-6,-13,-13>
	3.1
	4.7
	11.2
	3.3
	4.7
	10.2

	
	3
	<0,6,12>
	<-6,-13,-13>
	0.6
	4.1
	8.1
	1.1
	4.5
	8.4

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	3.5
	8.6
	1.0
	4.3
	8.9

	Asynchronous cases
	1.4
	<0,6,12>
	<-6,-13,-13>
	2.6
	4.8
	10.8
	3.4
	4.8
	10.9

	
	
	<0,1,2>
	<-6,-13,-13>
	2.9
	4.3
	10.0
	3.5
	4.3
	10.1

	
	3
	<0,6,12>
	<-6,-13,-13>
	0.8
	3.2
	8.6
	1.1
	3.4
	8.8

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	6.0
	9.9
	1.0
	6.0
	10.0


5.3.2.2 Conclusions from interested companies
· Collective conclusions for larger BWs
Table 5.3.2.2-1 Collective conclusions for larger BWs
	Alcatel-Lucent (R4-134759, R4-136094)
	The RSTD simulation results for no cell ID-overlapping for 15MHz and 20MHz show that the RSTD accuracy for 15MHz and 20MHz will be around +/-1Ts (without adding the implementation margin), which is about 1Ts improvement over the RSTD performance for 10MHz.

The RSTD simulation results with PRS overlapping for 15MHz and 20MHz show that the RSTD performance for 15MHz and 20MHz will have about 1 Ts or more performance improvements over the RSTD performance for 10MHz under simulated channel conditions.

	Huawei (R4-135162)
	Observation: using the wider bandwidth PRS (15MHz and 20MHz) can bring more gain on RSTD measurement performance.

Proposal: It is desirable to introduced wider BW RSTD measurement (15MHz and 20MHz) from RSTD measurement performance perspective.

	Intel ( R4-133565, R4-134992)
	Observation 1: In both AWGN and fading channel, RSTD estimation error for the bandwidth larger than 10MHz, e.g. 20MHz, is much lower than the performance requirements defined in Rel10 (±5Ts). 

Observation 2: The RSTD measurement accuracy requirement when the system bandwidth is larger than 10MHz is limited by the minimum sampling time resolution, i.e. one Ts.  

Proposal:RSTD measurement accuracy requirement for the larger bandwidth( >10MHz) beyond Rel10 shall be redefined for the positioning performance enhancement.

	Qualcomm (R4-135590)
	Based on simulation results some improvements can be expected when larger PRS transmission bandwidth is used, especially in the case of colliding cell IDs.

Simulation results with different quantization also show that increasing the reporting granularity to 0.5Ts is beneficial.


· Conclusions for smaller BWs
Table 5.3.2.2-2 Conclusions for smaller BWs
	Huawei (R4-136386)
	Observation 1: the RSTD measurement performance under small BW from simulation is better than the current R9 requirement (±15Ts).

Observation 2: Under 1.4MHz PRS 12Ts RSTD measurement accuracy can be achieved in the worst case, while under 3MHz PRS 9Ts RSTD measurement accuracy can be achieved in the worst case.

Observation 3: the geographic positioning performance difference between RSTD_error=12Ts and RSTD_error=15Ts is large, and the geographic positioning performance under RSTD_error=12Ts is very close to 50m@67%.

Observation 4: the geographic positioning performance difference between RSTD_error=9Ts and RSTD_error=15Ts is large, and the geographic positioning performance under RSTD_error=9Ts is 40m@67%.

Proposal: It is desirable to update the RSTD accuracy requirement under small BW for enhancing the geographic positioning performance.


5.3.2.3 Summary

Summary in this section is based on the link level simulation and conclusions from interested companies. 

(1) The link level simulation results show that improvements on RSTD measurement performance can be achieved by using wider PRS BW.

(2) Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.
(3) RSTD measurement accuracy requirement for the larger BW( >10MHz) shall be introduced for positioning enhancement.
(4) The link level simulation results show that current RSTD measurement performance is loose for smaller BW cases (<5MHz).

(5) RSTD measurement accuracy requirement for the smaller BW( <5MHz) shall be redefined for positioning enhancement.
-----------------------------------------------------------End of TP---------------------------------------------------------
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