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Introduction 

This text proposal completes the simulation results section of TR 36.809.
<Begin Changes>7
Simulation results

7.1
Polaris Simulation Results

The following simulation results are based on the parameters defined in 6.5.1 and 6.5.2. Three different versions of RFPM are considered. The first version uses only TA and RSRP, while the second version (RFPM+) uses the RSTD measurements as well. The third version dubbed RFPM++ uses RSRP measurements that are made in the PRS sub-frames. For the simulations, it is assumed that RSRP measurements corresponding to all PRS-decodable cells are available. In practice this can be implemented either by allowing RSRP be to measured on CRS in the PRS sub-frames or by defining a new ‘PRSRP’ energy measurement corresponding to the PRS signals. 
The RSRP model is constructed by calculating the cell signal strength at each modelling point based on path-loss and shadow fading, and then corrupted using a modelling error. Since the RSRP modelling procedure tries to capture the effects of shadow fading process, the associated modelling error can be described by a similar 2-dimensional correlated Gaussian random process, where the correlation shows distance dependency similar to shadowing. The TA and RSTD models are constructed using the true cell-mobile distances. 

PRS Simulations for the 1.4 MHz case assumes coherent energy accumulation over 6 consecutive sub-frames while for the 10 MHz case only a single PRS sub-frame is used. 

The GSM cell sites are assumed to be co-located with the LTE cell sites. 
Synchronous Network Results

Figures 7.1.1-7.1.2 show results for Synchronous LTE network scenario.  It can be seen that OTDOA performs very well for the 10 MHz bandwidth case while RFPM+ gives equivalent performance. In the 1.4 MHz case however, OTDOA’s performance degrades and RFPM+ provides a measurable performance gain (33% improvement at 67th percentile).  
Addition of the GSM Inter-RAT signal strengths dramatically improves the performance of RFPM which by itself suffers due to poor CRS hearability. There are some modest performance gains in case of RFPM+ and RFPM++ due to the additional measurements.
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  RFPM   (67% = 90m, 95% = 227m, 99% = 335m, 

  RFPM+     (67% = 20m, 95% = 40m, 99% = 61m, 

  RFPM++     (67% = 14m, 95% = 41m, 99% = 64m, 

  RFPM & Inter-RAT   (67% = 45m, 95% = 188m, 99% = 301m, 

  RFPM+ & Inter-RAT  (67% = 14m, 95% = 40m, 99% = 61m, 

  RFPM++ & Inter-RAT    (67% = 10m, 95% = 36m, 99% = 60m, 

  OTDOA     (67% = 18m, 95% = 38m, 99% = 71m 

  CellID-TA   (67% = 147m, 95% = 336m, 99% = NaNm 


Figure 7.1.1. ETU70, 500 m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1.
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  RFPM   (67% = 114m, 95% = 252m, 99% = 347m, 

  RFPM+     (67% = 36m, 95% = 85m, 99% = 133m, 

  RFPM++     (67% = 22m, 95% = 82m, 99% = 132m, 

  RFPM & Inter-RAT   (67% = 36m, 95% = 184m, 99% = 297m, 

  RFPM+ & Inter-RAT  (67% = 22m, 95% = 71m, 99% = 117m, 

  RFPM++ & Inter-RAT    (67% = 14m, 95% = 60m, 99% = 108m, 

  OTDOA     (67% = 61m, 95% = 126m, 99% = 158m 

  CellID-TA   (67% = 182m, 95% = 359m, 99% = NaNm 

 

Figure 7.1.2. ETU70, 500 m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1.

Asynchronous Network Results

Figure 7.1.3-7.1.4 show results for the asynchronous scenario with the assumption that LMUs are available for network synchronization (an additional Gaussian synch error term with std. = 500 ns is added to the existing link level RSTD measurement errors). OTDOA’s performance degrades significantly in this scenario and RFPM+ does significantly better than OTDOA. The simulations also show that RFPM++ comes close to satisfying high location accuracy requirements (for example, as those specified by the FCC in USA for E911). Again, addition of GSM signal strength measurements as additional features improve RFPM’s performance considerably.
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  RFPM   (67% = 93m, 95% = 235m, 99% = 313m, 

  RFPM+     (67% = 61m, 95% = 177m, 99% = 291m, 

  RFPM++     (67% = 51m, 95% = 171m, 99% = 275m, 

  RFPM & Inter-RAT   (67% = 42m, 95% = 190m, 99% = 318m, 

  RFPM+ & Inter-RAT  (67% = 36m, 95% = 122m, 99% = 210m, 

  RFPM++ & Inter-RAT    (67% = 28m, 95% = 110m, 99% = 194m, 

  OTDOA     (67% = 101m, 95% = NaNm, 99% = NaNm 

  CellID-TA   (67% = 138m, 95% = 284m, 99% = NaNm 


Figure 7.1.3. ETU70, 500 m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1.
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  RFPM   (67% = 117m, 95% = 259m, 99% = 334m, 

  RFPM+     (67% = 71m, 95% = 216m, 99% = 342m, 

  RFPM++     (67% = 51m, 95% = 196m, 99% = 300m, 

  RFPM & Inter-RAT   (67% = 32m, 95% = 184m, 99% = 319m, 

  RFPM+ & Inter-RAT  (67% = 30m, 95% = 132m, 99% = 239m, 

  RFPM++ & Inter-RAT    (67% = 22m, 95% = 120m, 99% = 211m, 

  OTDOA     (67% = 131m, 95% = NaNm, 99% = NaNm 

  CellID-TA   (67% = 175m, 95% = 309m, 99% = NaNm 


Figure 7.1.4. ETU70, 500 m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1.

Table 7.1.1-1 below provides a summary of results from the above figures.
Table 7.1.1-1: Summary of System-level Simulation Results
	Synchronous LTE: ETU70, 500m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1

	Percentile Accuracy (m)
	67%
	95%
	99%

	CellID-TA
	147
	336 
	NaN

	OTDOA
	18
	38
	71

	RFPM
	90
	227
	335

	RFPM+
	20
	40
	61

	RFPM++
	14
	41
	64

	RFPM & Inter-RAT
	45
	188
	301

	RFPM+ & Inter-RAT
	14
	40
	61

	RFPM++ & InterRAT
	10
	36
	60

	Synchronous LTE: ETU70, 500m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1

	Percentile Accuracy (m)
	67%
	95%
	99%

	CellID-TA
	182
	359 
	NaN

	OTDOA
	61
	126
	158

	RFPM
	114
	252
	347

	RFPM+
	36
	85
	133

	RFPM++
	22
	82
	132

	RFPM & Inter-RAT
	36
	184
	297

	RFPM+ & Inter-RAT
	22
	71
	117

	RFPM++ & InterRAT
	14
	60
	108

	Asynchronous LTE: ETU70, 500m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1

	Percentile Accuracy (m)
	67%
	95%
	99%

	CellID-TA
	138
	284 
	NaN

	OTDOA
	101
	NaN
	NaN

	RFPM
	93
	235
	313

	RFPM+
	61
	177
	291

	RFPM++
	51
	171
	275

	RFPM & Inter-RAT
	42
	190
	318

	RFPM+ & Inter-RAT
	36
	122
	210

	RFPM++ & InterRAT
	28
	110
	194

	Asynchronous LTE: ETU70, 500m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1

	Percentile Accuracy (m)
	67%
	95%
	99%

	CellID-TA
	175
	309 
	NaN

	OTDOA
	131
	NaN
	NaN

	RFPM
	117
	259
	334

	RFPM+
	71
	216
	342

	RFPM++
	51
	196
	300

	RFPM & Inter-RAT
	32
	184
	319

	RFPM+ & Inter-RAT
	30
	132
	239

	RFPM++ & InterRAT
	22
	120
	211


<end changes>
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