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6
Evaluated Performance of RF Pattern Matching Technologies on UMTS

The following scenarios, with associated cell spacings, building and terrain assumptions, are to be evaluated in this set of simulations:

1. Dense Urban Simulation

a. Approximate cell spacing – 500m

b. Buildings – assume +20 story buildings with dense spacing

c. Terrain – assume relatively small topographic diversity (flat terrain)

2. Suburban Simulation

a. Approximate cell spacing – 2 to 3 km

b. Buildings – assume >3 story buildings with moderate spacing (most buildings should be 1 story)

c. Terrain – assume moderate topographic diversity (normal terrain)

3. Rural Simulation

a. Approximate cell spacing – 7 to 10 km

b. Buildings – assume no buildings 

c. Terrain – assume moderate topographic diversity (normal terrain)UMTS

4. Mountain Simulation

a. Approximate cell spacing – 3 to 7 km

b. Buildings – assume no buildings 

c. Terrain – use terrain data for typical market

The simulation tool provides the following input parameters with associated definitions: 

  tower_spacing - distance between towers (m)

  cells_per_tower - number of cells on each tower

  azimuth - azimuth of boresite of alpha sector on tower (deg)

  sigrssi - rssi uncertainty (measurement error and channel model error) (dB)

  sigmdl - rssi modeling error

  sigrtt - rtt uncertainty (m)

  beamwidth - cell beamwidth (deg)

  rssiref - reference signal strength at distance dref from cell on cell boresite (dBm)

  dref - reference distance (m)

  gamma - pathloss exponent (dB)

  fbr - front-to-back ratio (dB)

  loading_factor - fraction of additional power created by traffic channels

  decode_threshold - EcIo needed to decode signal

  soft_handoff_threshold - rssi below primary cell needed for addition to active set (dB)

  max_active - maximum number of cells in active set

  numcaserssi - number of rssi draws at each location

  numcasedet - number of detection order draws at each location

  sample_spacing - distance between samples (m)

Adjustment of these parameters (e.g. tower_spacing) allows the various simulation evaluation cases to be modelled. 

6.1
RF Pattern Matching Accuracy Evaluation

6.1.1
Simulation Results for Evaluation Scenarios

6.1.1.1  Dense Urban Simulation

The following simulation parameters were used for the dense urban evaluation:

tower spacing = 500 m

cells per tower = 3

azimuth of alpha sector = 0 deg

beamwidth = 120 deg

rssiref = -68.7 dBm

dref = 100 m

pathloss exponent = 3.57

front-to-back ratio = 30 dB

loading factor = 0

decode threshold = -20 dB

soft handoff threshold = 6 dB

max cells in active set = 3

noise floor = -127 dBm

sigrssi = 1 dB

sigmdl = 6 dB

sigrtt = 50 m

numcaserssi = 3

numcasedet = 3

sample spacing = 10

The simulation results for the urban evaluation case comparing Pattern Matching to Cell-ID/RTT are as follows.
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Figure 1. Position error Cumulative Distribution Function (CDF) from simulations for dense urban evaluation case comparing Pattern Matching versus Cell-ID/RTT. 

Note from the simulation results in Figure 1 that RF Pattern Matching provides improvements over Cell-ID/RTT of  a factor of approximately (1.8X) and a factor of approximately (1.64X) in the location errors at the 67th and 95th percentiles, respectively. These simulation results demonstrate significant dense urban improvements from RF Pattern Matching compared to Cell-ID/RTT. 

5.1.2.1 Suburban Simulation

The following simulation parameters were used for the suburban evaluation:

tower spacing = 3000 m

cells per tower = 3

azimuth of alpha sector = 0 deg

beamwidth = 120 deg

rssiref = -56.4 dBm

dref = 100 m

pathloss exponent = 3.57

front-to-back ratio = 30 dB

loading factor = 0

decode threshold = -20 dB

soft handoff threshold = 6 dB

max cells in active set = 3

noise floor = -127 dBm

sigrssi = 1 dB

sigmdl = 6 dB

sigrtt = 50 m

numcaserssi = 3

numcasedet = 3

sample spacing = 50
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Figure 2 - . Position error Cumulative Distribution Function (CDF) from simulations for suburban evaluation case comparing Pattern Matching versus Cell-ID/RTT.

Note from the simulation results in Figure 2 that Pattern Matching provides improvements over Cell-ID/RTT of  a factor of approximately (1.77X) and a factor of approximately (1.65X) in the location errors at the 67th and 95th percentiles, respectively. These simulation results demonstrate significant suburban improvements from Pattern Matching compared to Cell-ID/RTT. 

5.1.2.2 Rural Simulation

tower spacing = 10000 m

cells per tower = 3

azimuth of alpha sector = 0 deg

beamwidth = 120 deg

rssiref = -36.2 dBm

dref = 100 m

pathloss exponent = 3.57

front-to-back ratio = 30 dB

loading factor = 0

decode threshold = -20 dB

soft handoff threshold = 6 dB

max cells in active set = 3

noise floor = -127 dBm

sigrssi = 1 dB

sigmdl = 6 dB

sigrtt = 50 m

numcaserssi = 3

numcasedet = 3

sample spacing = 100
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Figure 3 - . Position error Cumulative Distribution Function (CDF) from simulations for rural evaluation case comparing Pattern Matching versus Cell-ID/RTT.

Note from the simulation results in Figure 3 that Pattern Matching provides improvements over Cell-ID/RTT of  a factor of approximately (1.83X) and a factor of approximately (1.58X) in the location errors at the 67th and 95th percentiles, respectively. These simulation results demonstrate significant dense urban improvements from Pattern Matching compared to Cell-ID/RTT. 

5.1.2.3 Mountain Simulation

tower spacing = 5000 m

cells per tower = 3

azimuth of alpha sector = 0 deg

beamwidth = 120 deg

rssiref = -56.2 dBm

dref = 100 m

pathloss exponent = 3.57

front-to-back ratio = 30 dB

loading factor = 0

decode threshold = -20 dB

soft handoff threshold = 6 dB

max cells in active set = 3

noise floor = -127 dBm

sigrssi = 3 dB

sigmdl = 6 dB

sigrtt = 50 m

numcaserssi = 3

numcasedet = 3

sample spacing = 100
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Figure 4 - . Position error Cumulative Distribution Function (CDF) from simulations for mountainous evaluation case comparing Pattern Matching versus Cell-ID/RTT.

Note from the simulation results in Figure 4 that Pattern Matching provides improvements over Cell-ID/RTT of  a factor of approximately (2.59X) and a factor of approximately (1.56X) in the location errors at the 67th and 95th percentiles, respectively. These simulation results demonstrate significant dense urban improvements from Pattern Matching compared to Cell-ID/RTT. 
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