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1. Background
A working item on positioning support for LTE was approved in TSG-RAN#42 [1]. Observed Time Difference of Arrival (OTDOA) has been adopted in RAN1 as a UE-assisted downlink positioning method, for which a baseline agreement for the proposed changes to 3GPP TS 36.211, 36.213 and 36.214 has been recently achieved. To support OTDOA in LTE, the following have been proposed

· new physical signals (called positioning reference signals, or PRS) transmitted in subframes configured for positioning [3],

· a note on PRS energy per resource element (EPRE) [4],
· new measurements [5].
A framework for OTDOA positioning requirements in RAN4 has been proposed in [2] indicating the need for both system- and link-level simulation studies. System-level simulation assumptions for OTDOA studies and preliminary system simulation results for 10 MHz have been presented in [6] and [8], respectively. In this contribution, we focus on synchronous networks and present:
· further system simulation results for the PRS bandwidth of 1.4 MHz following the methodology described in [8],
· simulation results addressing the size of the positioning neighbour cell list issue on which RAN4 has been asked to provide an answer to RAN1 (Q5 in [7]).

2. Simulation Results
2.1.  PRS SINR and sensitivity results for 1.4 MHz PRS transmission bandwidth
In [8], we have presented a methodology and preliminary simulation results for 10 MHz PRS transmission bandwidth. In this section, we provide simulation results for 1.4 MHz PRS transmission bandwidth. The simulations have been conducted for the assumptions presented in [6], while focusing on synchronous networks. No power boosting on PRS and only a single positioning occasion have been assumed. 
Following the methodology, we find a maximum SINR threshold for a given number of detected cell sites (i.e. cells at distinct locations) to be included in positioning calculation such that a target requirement is met. We present results for the two target requirements and for
· Case 1 and Case 3, 
· two baseline channel models (ETU and EPA), 
· number of cell sites being 3,4 or 5, 
· 1 and 6 subframes (coherent accumulation).
The SINR threshold results are shown in Table 1, where the thresholds are selected from the range [-15, 0] dB. The following observation have been made,

· Case 1: 
· with EPA, both channel requirements are simultaneously met with 1 subframe and 4 cell sites (resulting in an SINR threshold of -2.3 dB),

· with ETU, both requirements are simultaneously met with 6 coherent accumulations and 4 cell sites (resulting in an SINR threshold of -3.3 dB);
· Case 3:

· with EPA, both channel requirements are simultaneously met with 1 subframe and 5 cell sites (resulting in an SINR threshold of -7.7 dB),

· with ETU, both requirements are simultaneously met with 6 coherent accumulations and 4 cell sites (resulting in an SINR threshold of -10.3 dB). 
In Table 2, for each scenario we present the minimum PRP (PRS received power) levels for detected cells over all UEs, where PRP is the total PRP power over the PRS transmission bandwidth. The smallest PRP level among the considered scenarios in the table is -122.3 dBm which is reasonable from the cell detection point of view.
Table 1. SINR thresholds to achieve the required accuracy in different scenarios, [dB]
	Reference requirements
	67%-ile: 50m
	95%-ile: 150 m

	Number of cell sites
	3
	4
	5
	3
	4
	5

	Case 1

	1 acc.
	EPA

ETU
	0

x
	0

-2.8
	0

-1.5
	x
x
	-2.3

x
	-2.3

x

	6 acc.
	EPA

ETU
	0

x
	0

-1.5
	0

-1.0
	-2.6

x
	-1.9

-3.3
	-1.9

-3.0

	Case 3

	1 acc.
	EPA

ETU
	-2.2

x
	-1.5

x
	-1.5

x
	x
x
	x

x
	-7.7

x

	6 acc.
	EPA

ETU
	-1.5

x
	-1.2

-5.0
	-1.2

-4.4
	-8.1

x
	-6.2

-10.3
	-6.0

-8.2


Table 2. PRP over PRS transmission band, [dBm]
	Reference requirements
	67%-ile: 50m
	95%-ile: 150 m

	Number of sites
	3
	4
	5
	3
	4
	5

	1 acc.
	EPA

ETU
	-107.2

x
	-107.2

-109.0
	-107.2

-109.0
	x

x
	-109.0

x
	-109.0

x

	6 acc.
	EPA

ETU
	-107.2

x
	-107.2

-109.0
	-107.2

-108.9
	-107.2

x
	-109.0

-109.0
	-109.0

-109.0

	1 acc.
	EPA

ETU
	-114.2

x
	-113.4

x
	-113.4

x
	x

x
	x

x
	-119.6

x

	6 acc.
	EPA

ETU
	-113.4

x
	-113.0

-117.0
	-113.0

-116.4
	-119.8

x
	-118.1

-122.3
	-118.0

-120.0


2.2.  The impact of neighbour cell list size and reported list size on positioning accuracy
In this section, we study the total number of detected cells and the number of detected cells from distinct locations in different simulation scenarios and their relation to positioning accuracy. The results obtained without restrictions on the neighbor or reported list length are compared to those with either a limited set of neighbors or a limited set of reported cells. In the two latter cases, the maximum number of cells assumed in simulations is 9, and the serving cell is always included in the list. Simulations have been conducted for Case 1 and Case 3 synchronous networks with 1.4 MHz system bandwidth, which is expected to have a worse accuracy compared to larger PRS transmission bandwidths. With respect to the number of detected neighbors, results for Case 2 are similar to Case 3 for 1 accumulation and similar to Case 1 for multiple accumulations (non-coherent accumulations have been considered for Case 2, whilst coherent accumulations have been assumed for Case 1) and therefore are omitted in this contribution. Our simulation assumptions are presented in more detail in [6].
Figures 1 and 2 show positioning accuracy for Case 1 and Case 3 comparing the following two scenarios,

· Scenario 1 (‘all neighb’) is a scenario when each UE measures all cells it can measure and reports all measurements to the network which calculates its position, and 

· Scenario 2 (‘9 neighb’) is a scenario when each UE is instructed to measure on a certain subset of cells where the neighbor cells for each UE are selected based on the received signal strength (i.e. 9 strongest neighbors).

For the same two scenarios, Figures 3 and 4 show the total number of detected cells and the number of detected cells at distinct locations (sites) for Case 1 and Case 3, respectively. We present results for four channel models: ETU, EPA, and two profiles of the T1P1 model [6], namely Urban B (‘T1P1/UB’) and Bad Urban (‘T1P1/BU’). With ETU and EPA, the first channel path always arrives via line-of-sight, which is not true with the T1P1 model. T1P1/Bad Urban channel profile is characterized by significantly larger excess delays compared to T1P1/Urban B and therefore more difficult to tackle. The results presented in the figures are for a single positioning subframe, i.e. with no integration over subframes. We present statistics for the simulated scenarios in Tables 3-5 where we also show results for 6 coherent accumulations (‘6 acc.’).
In Table 5, we present results for the third scenario:
· Scenario 3 is a scenario where a UE has no limitation on the number of cells to measure, but instead it reports back to the network only 9 best cells.
As expected, restricting either the neighbor list or the reported cell list results in system performance degradation. Furthermore, the degradation is larger in Scenario 2 than in Scenario 3 since in the former some of the 9 cells selected by the network may be not detected by the UE. It also becomes evident that the degradation is larger with Case 1 than with Case 3, which is due to a significant reduction in the number of detected cells in general and the number of detected cells at distinct locations in particular (see also Figures 1 and 3). Figures 5 and 6 show CDFs of PRP [dBm] levels of detected PRS over all UEs in Case 1 and Case 3, respectively, in Scenario 1.
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The number of cells to measure on should be sufficiently large (for example, 24 or 32 cells), but the number of reported cells can in principle be smaller. 9 reported cells in our simulations provided performance comparable to that without any restriction on the neighbor cell list or the reported cell list. However, taking into account that much denser deployments than those studied by simulations as well as multi-layer network deployments will also be possible, the recommended maximum number of reported cells should preferably be around 16, which implies 15 RSTD reports.

Proposal: The recommended size of a positioning neighbor list is 24 or 32 cells, and the maximum number of reported cells should be at least 16 which correspond to 15 RSTD measurement reports and which would be a requirement on the UE RSTD reporting capability.
Table 3. Cell detection statistics, no restriction on the size of neighbor or reporting lists
	

	Number of detected cells
	Number of detected sites
	Accuracy, %-ile

	
	5%-ile
	50%-ile
	95%-ile
	5%-ile
	50%-ile
	95%-ile
	50 m
	150 m

	Case 1, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	8
5

7
6
	11
9

10
8
	14
12

13

11
	5
3

5

3
	8
7

8
6
	12
10

11
9
	100
88.50

87.27
23.47
	100
95.98

99.69
79.65

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	17
12

15
13
	24
21

23
20
	31
28

30
26
	12
9

10
9
	18
16

17
15
	25
23

24
21
	100
92.98

88.55 
39.41
	100

97.42

99.81
94.52

	Case 3, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	4
3

4
3
	8
6

7
5
	11

9
9
8
	3
2

3
2
	6
5

5
4
	9
8

8
6
	96.15
74.99

61.01
10.46
	97.69
90.39

90.64
48.87

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	11
8

10
7
	18
15

16
13
	25
22

22
19
	8
5

7
5
	13
11

12
10
	19
17

17
16
	96.65
93.87

79.67 
24.09
	97.96
98.01

98.49
80.06


Table 4. Cell detection statistics, 9 cells in neighbor lists
	

	Number of detected cells
	Number of detected sites
	Accuracy, %-ile

	
	5%-ile
	50%-ile
	95%-ile
	5%-ile
	50%-ile
	95%-ile
	50 m
	150 m

	Case 1, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	5
5

5

4
	7
7

7

6
	9
9

9

8
	3
3

3
3
	5
5

5

5
	8
7

7

7
	98.43

82.19
72.64

19.57
	99.01
94.41

95.34

64.83

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	7
6

6

6
	9
8

9

9
	9
9

9

9
	4
4

4

4
	6
6

6

6
	9
9

9

9
	98.52

89.17

75.23
30.08
	99.90
97.97

97.08

82.79

	Case 3, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	4
3

4

3
	6
6

6

5
	8
8

8

7
	3
2

2
2
	5
4

4

4
	7
7

7

6
	93.57

70.26

54.33

9.45
	95.41
87.29

87.45

47.67

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	7
6

6

6
	8
8

8

8
	9
9

9

9
	4
4

4

4
	6
6

6

6
	9
9

9

8
	96.68

86.18

63.59

21.35
	98.44
96.91

96.61

71.71


Table 5. Cell detection statistics, 9 best measured cells for position calculation
	

	Number of detected cells
	Number of detected sites
	Accuracy, %-ile

	
	5%-ile
	50%-ile
	95%-ile
	5%-ile
	50%-ile
	95%-ile
	50 m
	150 m

	Case 1, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	8
5

7

6
	9
9

9

8
	9
9

9

9
	5
3

5

3
	7
7

7

6
	9
9

9

8
	100
87.55 

82.23

21.68
	100
95.71

99.50

79.05

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	9
9
9

9
	9

9
9

9
	9
9

9

9
	5
5

5

5
	7
7

7

7
	9
9

9

9
	100
90.91

84.08

33.28
	100

98.34

99.94
87.17

	Case 3, 1.4 MHz

	1 acc.


	EPA

ETU

Urban B

Bad Urban
	4
3

4

3
	8
6

7

5
	9
9

9

8
	3
2

3

2
	6
5

5

4
	8
7

7

6
	96.15
74.99

60.83

10.46
	97.69
90.30

90.64

48.70

	6 acc.


	EPA

ETU

Urban B

Bad Urban
	9
8

9

7
	9
9

9

9
	9
9

9

9
	5
5

5

5
	7
7

7

7
	9
9

9

9
	96.75

88.31

64.85

20.32
	98.87
98.32

98.19

74.01


3. Summary

We have presented further system simulation results for PRS transmission bandwidth of 1.4 MHz. 

For the most difficult case in these simulations (Case 3, ETU), both FCC Phase II requirements can be simultaneously met with 6 coherent accumulations and 4 cell sites, resulting in an SINR threshold of -10.3 dB and the corresponding smallest PRP level over detected cells over all UEs of -122.3 dBm. The SINRs levels are to be considered when setting up link-level simulations for defining RAN4 requirements.
We have also presented system simulation results to address the positioning neighbour cell list and the reported cell list issue to assist RAN4 in decision on the number of cells to be included in the assistance information for OTDOA positioning. We propose that
the recommended maximum size of a positioning neighbor list is 24 or 32 cells, and the recommended maximum number of reported cells is at least 16 which correspond to 15 RSTD measurement reports and which would be a requirement on the UE RSTD reporting capability.
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Figure 6. PRP of detected cells for Case 3, 1.4 MHz.


Figure 4. Detected site statistics for Case 3, 1.4 MHz.





Figure 5. PRP of detected cells for Case 1, 1.4 MHz.





Figure 4. Detected site statistics for Case 3, 1.4 MHz.





Figure 3. Detected sites statistics for Case 1, 1.4 MHz.





Figure 2. Positioning accuracy for Case 3, 1.4 MHz.





Figure 1. Positonning accuracy for Case 1, 1.4 MHz.








