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1. Introduction

In 25.996 [1], the COST 231 Walfisch-Ikegami model is incorporated for modelling propagation in microcell environments. However in [3]  it is pointed out that an error exists in the source COST 231 model, as outlined in section 2.

The aim of this contribution is to summarise the nature of the error and invite discussion as to how to handle the error in the MIMO channel model. A proposal for a solution is outlined in the appendix.

2. Error in NLOS component of the Walfisch Ikegami model

In 25.996 [1], two equations relating to the Walfisch-Ikegami pathloss are given in section 5.2 for modelling propagation in a microcell environment. The NLOS component is stated as follows:

PL (dB) = -55.9 + 38*log10(d) + (24.5 + 1.5fc/925)*log10(fc) 


(1)


with d in metres. This pathloss has been derived from the COST-231 model:

Lb = Lo + LRTS + LMSD = 


[32.4 + 20log (d) + 20log(f)]  + 



Lo

[-16.9 – 10logW + 10log(f) + 20log(Δhmobile​) + Lori] + 
LRTS

[Lbsh + ka + kdlog(d) + kf log f – 9 log b]


LMSD   

(2)

In the above expression:

d = 

Distance of mobile from basestation (in km)

f = 

Carrier frequency in MHz

W = 

Street width in metres (25m in 25.996)

Δhmobile = 
Distance from rooftop top mobile in metres (10.5m in 25.996)

b = 

Building separation in metres (50m in 25.996)

Further information on the components of (2) can be found in [2]
The correspondence between (2) and (1) can easily be verified by inserting the parameters of (25.996):

Lb = 
[32.4 + 20log(d) + 20log(f)] +


[-16.9 – 10log(25) + 10log(f) + 20log(12 – 1.5) + (-10 + 0.354*30)] +


[-18log(1+(12.5-12)) + 54 + 18log(d) + (-4 + 1.5*f/925-1.5)log(f) – 9log(50)]

     = 58.1 + 38log(d) + (24.5 + 1.5f/925)log(f)

(d in km)

(3)

     = -55.9 + 38log(d) + (24.5 + 1.5f/925)log(f)

(d in m)

(4)

Consider the LRTS component in (2):

LRTS = -16.9 – 10log(W) + 10log(f) + 20log (Δhmobile​) + Lori



(5)

Compare this to the original Ikegami model (given by (10) in [4]):

Er – Eo =  

-(5.8 + 10log(1+3/Lr2) + 10log(w) – 20log(Δhmobile) – 10log(sin Φ) - 10log(f)) 











(6)

In this case,

Er = 
Mean field strength received by the mobile

Eo = 
Mean field strength at the last rooftop

Φ = 
orientation angle

Lr = 
Reflection loss due to reflecting building

In [2] it is stated that LRTS in the COST 231 model is similar to Ikegami’s model, except that it takes the street orientation factor into account differently. Let us compare (5) and (6), without taking into account the Lori and 10log(sin Φ) terms:

-16.9 – 10log(W) + 10log(f) + 20log (Δhmobile​) 

= -(5.8 + 10log(1+3/Lr2) + 10log(w) – 20log(Δhmobile) – 10log(f))

16.9 = 5.8 + 10log(1+3/Lr2)

Thus Lr must be made equivalent to 0.5 for COST231 and the Ikegami models to agree. However in [4], Lr2 is assumed to be 6dB; i.e. Lr = 2. Therefore it appears that in incorporating Ikegami’s model into COST, a factor of 2 has inadvertently been replaced by 0.5. 0.5 is clearly incorrect since it implies a gain in energy due to reflection.

[3] Contains a further comparison with another model to confirm the existence of the error.

In order to correct the error, a additional constant term of 8.7dB is introduced into (5). Thus, (5) becomes:

LRTS = -8.2 – 10log(W) + 10log(f) + 20log (Δhmobile​) + Lori



(7)

If the additional 8.7dB is added with the result in (4), it can be seen that the “-55.9” term in (4) needs to be changed to “-47.2”.

3. Conclusions

An error in the incorporation of the Ikegami NLOS model into COST 231, as identified in [3] has been outlined. Since COST 231 has been incorporated into 25.996, this in turn implies that the error has been propagated into 25.996.

As a solution, a suggested amendment to 25.996 section 5.2 is outlined in the appendix.
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Appendix:  Suggested change for 25.996

5.2   Environments

We consider the following three environments.

a)
Suburban macrocell (approximately 3Km distance BS to BS)

b)
Urban macrocell (approximately 3Km distance BS to BS)

c)
Urban microcell (less than 1Km distance BS to BS)

The characteristics of the macro cell environments assume that BS antennas are above rooftop height.  For the urban microcell scenario, we assume the BS antenna is at rooftop height. Table 5.1 describes the parameters used in each of the environments. 

Table 5.1. Environment parameters

	Channel Scenario
	Suburban Macro
	Urban Macro
	Urban Micro

	Number of paths (N)
	6
	6
	6

	Number of sub-paths (M) per-path
	20
	20
	20

	Mean AS at BS
	E(
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	BS per-path AoD Distribution standard distribution 
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	U(-40deg, 40deg)

	Mean AS at MS
	E((AS, MS)=680
	E((AS, MS)=680
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	Per-path AS at MS (fixed)
	350
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	MS Per-path AoA Distribution
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	Delay spread as a lognormal RV 
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	8dB
	8dB
	NLOS: 10dB

LOS: 4dB 

	Pathloss model (dB), 

d is in meters
	31.5 + 35log10(d) 
	34.5 + 35log10(d) 
	NLOS: 43.23 + 38log10(d)

LOS: 30.18 + 26*log10(d) 


The following are assumptions made for the suburban macrocell and urban macrocell environments.

a)
The macrocell pathloss is based on the modified COST231 Hata urban propagation model:
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where 
[image: image26.wmf]bs

h

is the BS antenna height in meters, 
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 the MS antenna height in meters, 
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 the carrier frequency in MHz, d is the distance between the BS and MS in meters, and C is a constant factor (C = 0dB for suburban macro and C = 3dB for urban macro). Setting these parameters to 
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=1900MHz, the pathlosses for suburban and urban macro environments become, respectively, 
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b)
Antenna patterns at the BS are the same as those used in the link simulations given in Clause 4.5.1.  

c) 
Site-to-site SF correlation is 
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. This parameter is used in Clause 5.6.2.

d)
The hexagonal cell repeats will be the assumed layout.

The following are assumptions made for the microcell  environment.

a)
The microcell NLOS pathloss is based on the COST 231 Walfish-Ikegami NLOS model with the following parameters: BS antenna height 12.5m, building height 12m, building to building distance 50m, street width 25m, MS antenna height 1.5m, orientation 30deg for all paths, and selection of metropolitan center. With these parameters, the equation simplifies to: 


PL(dB) = -–47.2 + 38*log10(d) + (24.5 + 1.5*fc/925)*log10(fc).  


The resulting pathloss at 1900 MHz is: PL(dB) = 42.23 + 38*log10(d), where d is in meters.  The distance d is at least 20m.  A bulk log normal shadowing applying to all sub-paths has a standard deviation of 10dB.


The microcell LOS pathloss is based on the COST 231 Walfish-Ikegami street canyon model with the same parameters as in the NLOS case. The pathloss is 


PL(dB) = -35.4 + 26*log10(d) + 20*log10(fc)


The resulting pathloss at 1900 MHz is PL(dB) = 30.18 + 26*log10(d), where d is in meters.  The distance d is at least 20m.  A bulk log normal shadowing applying to all sub-paths has a standard deviation of 4dB. 

b)
Antenna patterns at the BS are the same as those used in the link simulations given in Clause 4.5.1.  

c)
Site-to-site correlation is 
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. This parameter is used in Clause 5.6.2.

d)
The hexagonal cell repeats will be the assumed layout.

Note that the SCM model described here with N = 6 paths may not be suitable for systems with bandwidth higher than 5MHz.
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