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LTE Channel Models

• Wireless channel models essential for design, analysis and simulation of wireless systems

• Many standards recommend channel models for specific propagation environments, 
characterizing path-loss attenuation, shadowing, multipath effects

• LTE has adopted various scenario-dependent path-loss models, including for indoors (e.g. TR 
36.814, TR 36.873)

• Multipath models based on earlier ITU-R and GSM models also adopted in LTE  (TS 36.104)
– Based on tapped delay line models (TDL)

– Used in earlier LTE OTDOA studies

• Furthermore, LTE also incorporates what are known as GSC Models (TR 36.814)
– Based on geometry between eNodeBs, UEs, and scatterers

– Follow stochastic construction 

• Most recent channel modeling work in LTE on a 3D channel model (TR 36.873)
– Based on GSCM

– Primarily intended for MIMO/beam-forming work



Multipath Models - TDL
• Based on ITU-R M.1225 recommendation and the 3GPP TS 05.05 

specification for GSM, included in TS 36.104

• Each tap corresponds to a multipath signal characterized by:
– Fixed delay, relative average power, Doppler spectrum 

• Channel impulse response:

where L = number of taps, τl is tap delay relative to first tap, hl is Rayleigh 
distributed complex channel coefficient for the l-th tap

• Discrete models agreed to:
– Extended Pedestrian A

– Extended Vehicular A

– Extended Typical Urban

low, medium and large delay spreads

low, medium and high Doppler

• Can be applied to MIMO via spatial correlation matrices 



Multipath Models - GSCM
• 3GPP TR 36.814 includes an informative annex on GSCM models adopted from ITU-R IMT 

Advanced

• Deployment scenarios classified as indoor hotspot, urban micro-cell, urban macro-cell, rural 
macro-cell, etc.

• Large scale parameters such as delay spread, angle spread, shadow fading randomly 
generated following distributions specified for each scenario

• Small scale parameters such as path delays, powers, angles of arrival/departure derived 
stochastically

• Once generated, both large and small scale parameters remain fixed for the duration of that 
simulation iteration



3D Channel Model
• Latest 3GPP LTE work on channel models in TR 36.873, aimed at 

specifying a 3D channel model to support beam-forming/MIMO work in 
LTE

• Model built on GSCM framework for a reduced set of scenarios, e.g. 
UMa, UMi

• Allows for variation in UE and BS altitudes, accounts for vertical and 
indoors in path-loss computation

• Intended to add multipath channel characterization in 3D, but on the 
micro-scale of antenna array



Applicability to Positioning
• EPA and ETU models proposed for use in “Positioning Evaluation Assumptions 

Proposal” R1-091443 by Alcatel-Lucent, Ericsson, Motorola, Nokia, NSM, Nortel, Qcom

• Since EPA and ETU models TDL-based, the tap delay distribution is fixed, including 
across eNodeBs

• In NextNav LTE simulations, different random seeds per eNodeB, with variability in 
complex amplitudes of delay taps for each channel realization

• Fixed tap delays can lead to common ranging bias across measurements for multiple 
eNodeBs

– Multipath error in “center of gravity” from multiple eNodeBs common 
– Can result in assessment of ranging capability that is un-realistic

• GSCM framework:
– Allows for non-fixed tap delays across channels, with diverse power delay profiles
– Likely more realistic, assuming appropriate choices of parameters (e.g. delay spreads)
– However, more complex to implement and could require more simulation resources



Channel Model Requirements
• Incorporates realistic path loss models, for 3D and indoors

– Leverage 3GPP TR 36.814 and TR 36.873

• Accommodates carrier frequencies from sub-GHz to 5+ GHz 
– Currently, LTE models appear to target carriers at >2GHz?
– What about other LTE frequencies, e.g. 700 MHz?

• Accommodates real-world multipath distributions applicable to 3D/indoors 
– Built on realistic choices of delay distributions, power profiles
– TR 36.814 and TR 36.873 may largely work 

• Allows for delay & power variability across channel realizations, e.g. via 
drawing from statistical distributions 

– GSCM framework desirable over TDL

• Complexity can be minimized for expediency of simulation work



MP Modeling Methodology (1/2)
• Leverages “macro”-scale aspects of the channel model in 36.814/36.873 relevant to the assessment of 

indoor positioning. “Micro”-scale aspects pertaining to the modeling of antenna arrays not included, for 
simplicity and simulation expediency.

• For a given simulation run and the desired scenario, identify the number of clusters applicable to a given 
link between a given eNodeB and the UE. That dictates the number of created paths for that link.

• Generate the delay spread of each cluster. Delay spread for a given cluster follows log-normal distribution 
with mean and standard deviation that are scenario-specific. 

• Generate the path delays associated with the clusters of each link. Delays are drawn randomly from the 
delay distribution defined for a particular scenario. With exponential delay distribution calculate

• Where rt is the delay distribution proportionality factor (also referred to as delay scaling parameter), 
Xn ~ uniform(0,1), and cluster index n = 1,…,N. 

• Normalize the delays by subtracting the minimum delay and sort the normalised delays to descending 
order:



MP Modeling Methodology (2/2)

• Path powers are calculated assuming a single slope exponential power delay profile.

• Power assignment depends on the delay distribution defined for the desired scenario. With 
exponential delay distribution the cluster powers are determined by:

• where Zn ~ N(0, z ) is the per cluster shadowing term in [dB]. 

• Average the power so that the sum power of all cluster powers is equal to one, i.e., 

• Remove clusters with less than -25 dB power compared to the maximum cluster power. 
The scaling factors need not be changed after cluster elimination.



UMa O-to-I MP Parameters

• Number of clusters = 12

• Mean delay spread = -6.62 (in log(sec))

• Delay spread standard deviation = 0.32 (in log(sec))

• Delay distribution proportionality factor = 2.2

• Per cluster shadowing STD = 4 (in dB)



MP Profile Examples
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Power threshold for path removal from channel profile
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Empirical Indoor Channel Study

• Reference: ALSINDI et al.: ANALYSIS OF TOA ESTIMATION USING 
WIDEBAND MEASUREMENT OF INDOOR RADIO PROPAGATION

• Scenario classification into LOS vs. NLOS:
– LOS = link is unobstructed
– NLOS = link is obstructed, such as by a physical object

• Separately, scenarios classified as:

– Dominant direct path: DDP case
– Non-dominant direct path: NDDP case
– Undetectable direct path (relative to receiver capability/threshold): UDP case



Empirical Indoor Channel Study

Reference: “ALSINDI et 
al.: ANALYSIS OF TOA 
ESTIMATION USING 
WIDEBAND 
MEASUREMENT OF 
INDOOR RADIO 
PROPAGATION

• Direct path below detection threshold, 
while other paths 20+dB above

• Presumably long term behavior captured

DDP NDDP

UDP



MP Model Recommendations

• With GSCM multipath modeling, direct path is included in all cases, by 
virtue of subtraction of min path delay. However, direct path power varied 
relative to others, resulting in a variety of profiles, e.g. NDDP. 

• UDP-like scenarios (20+ dB of direct path attenuation) are also generate-
able with GSCM, though with a low incidence statistically.

• It is difficult to quantify how common DDP, NDDP, UDP scenarios might be 
at indoor locations, but the GSCM model appears sufficiently realistic.

• MP Model recommendations: GSCM MP model as summarized on slides 
8, 9 and 10 is appropriate for positioning study.



Accounting for Height
From TR 36.873

hUT=3(nfl – 1) + 1.5

nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)

3D distance between BS and UT used in path-loss computation (see next chart)



Path Loss Model
Based on TR 36.873

3D-UMa O-to-I

PL = PLb + PLtw + PLin
For hexagonal cell layout:
PLb = PL3D-UMa(d3D-out + d3D-in)
PLtw = 20
PLin = 0.5d2D-in

σSF =7

10m < d2D-out + d2D-in < 1000m
0m < d2D-in < 25m
hBS = 25m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 
3, 4, 5, 6, 7, 8.
Explanations: see 5)

3D-UMa NLOS

PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS),
PL3D-UMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) –
(24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10
(hBS)) (log10 (d3D)-3) + 20 log10(fc/10^9) – (3.2 (log10
(17.625)) 2 - 4.97) – 0.6(hUT - 1.5)

---

10 m < d2D < 5 000 m
h = avg. building height, W = street
width
hBS = 25 m, 1.5m ≦ hUT≦ 22.5m, W =
20m, h = 20 m
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1.5 m ≦ hUT ≦ 22.5 m
Explanations: see 6)

3D-UMa LOS

PL = 22.0log10(d3D) + 28.0 + 20log10(fc/10^9)

PL = 40log10(d3D)+28.0+20log10(fc/10^9) –
9log10((d'BP)2+(hBS - hUT)2)

---

10m < d2D < d'BP
4)

d'BP < d2D < 5000m4)

hBS = 25m4), 1.5m ≦ hUT ≦ 22.5m4)

Break point distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and 
h'UT are the effective antenna heights at the BS and the UT, respectively h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna 
heights, and the effective environment height hE is a function of the link between a BS and a UT, and here it is assumed to be equal to 1m.



Path Loss Model Issues
• Carrier frequency supported:

– 2-6 GHz

– However, same (parameterized) NLOS model specified for a number of scenarios including Rural Ma in TR 
36.814 for which sub-GHz frequencies permitted.

– Supported ranges may be a reflection of LTE network parameters intended for use in various scenarios, rather 
than PL model accuracy/suitability 

• Propagation distances supported:
– As stated, only propagation distances < 1km

– Thus, ISD > 1 km not supported. For ISD of 500m wt. hexagonal layout, up to two rings supported (more 
restrictions for square layout), etc.

– This is consistent with planned scenarios for LTE. May stick to the same ISD ranges for TBS network scenario 
(even though actual MBS deployments may use different settings).

– However, supported propagation distances for NLOS model of up to 5km. 

• Fixed BS heights (25m for UMa O-to-I model, 10m for UMi model) although wider range 
supported (TR 36.814)

• Consistency with LOS/NLOS definition in literature, baseline TR 36.814, ITU-R  M.2135



Summary of Recommendations

1. Multipath model recommendations for indoor positioning study: 

– MP model as summarized on slides 8 and 9, enabled with the UMa O-to-I parameters 
summarized on slide 10.

2. Path-loss (and shadowing) model recommendations for indoor positioning 
study:

– Use path-loss model for 3D-UMa O-to-I shown on slide 16, where PLb = PL3D-UMa-NLOS 
(d3D-out + d3D-in).

– Reuse the model for sub-GHz carrier frequencies (above 450 MHz) and larger 
distances up to 5 km (note: frequency and distance dependent terms already accounted 
for).


