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Step 5:  Generate delays 
Delays are drawn randomly from the delay distribution defined in Table B.1.2.2.1-4. With exponential delay distribution calculate
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where r is the delay distribution proportionality factor, Xn ~ Uni(0,1), and cluster index n = 1,…,N. With uniform delay distribution the delay values n’are drawn from the corresponding range. Normalise the delays by subtracting the minimum delay and sort the normalised delays to ascending order:
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In the case of LOS condition, additional scaling of delays is required to compensate for the effect of LOS peak addition to the delay spread. The heuristically determined Ricean K-factor dependent scaling constant is
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where K [dB] is the Ricean K-factor as generated in Step 4. The scaled delays
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are not to be used in cluster power generation.

Step 6:  Generate cluster powers P.

Cluster powers are calculated assuming a single slope exponential power delay profile. Power assignment depends on the delay distribution defined in Table B.1.2.2.1-4. With exponential delay distribution the cluster powers are determined by



[image: image5.wmf]10

'

10

1

exp

n

r

r

P

n

n

Z

-

×

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

t

t

t

s

t


(B-9)
where 
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 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., 



[image: image7.wmf]å

=

=

N

n

n

n

n

P

P

P

1

'

'


(B-10)
Assign the power of each ray within a cluster as Pn / M, where M is the number of rays per cluster.

Remove clusters with less than -25 dB power compared to the maximum cluster power.

Step 7:  Generate arrival angles ( and departure angles (.

As the composite PAS of all clusters is modelled as wrapped Gaussian (see Table B.1.2.2.1-4), except indoor hotspot scenario (InH) as Laplacian, the AoAs are determined by applying the inverse Gaussian function (B-11) or inverse Laplacian function (B-12) with input parameters Pn and RMS angle spread (
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In the equation (B-11) 
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 is the standard deviation of the arrival angles (the factor 1.4 is the ratio of Gaussian std and the corresponding “RMS spread”). Constant C  is a scaling factor related to total number of clusters and is given in the table below: 

Table B.1.2.2.1-1
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	15
(InH)
	16
	19
	19
(InH)
	20

	C
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.434
	1.226
	1.273
	1.501
	1.289


In the LOS case, constant C is dependent also on the Ricean K-factor. Constant C in (B-11) and (B-12) is substituted by CLOS. Additional scaling of the angles is required to compensate for the effect of LOS peak addition to the angle spread. The heuristically determined Ricean K-factor dependent scaling constant is 
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As for indoor  hotspot scenario, the scaling constant is:
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where K [dB] is the Ricean K-factor as generated in Step 4.

Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and add component 
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 to introduce random variation
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where (LOS is the LOS direction defined in the network layout description, see Step1c.

In the LOS case, substitute (B-15) by (B-16) to enforce the first cluster to the LOS direction (LOS  
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Finally add offset angles m from Table B.1.2.2.1-2 to the cluster angles
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where cAoA is the cluster-wise rms azimuth spread of arrival angles (cluster ASA) in Table B.1.2.2.1-4.

Table B.1.2.2.1-2 Ray offset angles within a cluster, given for 1 rms angle spread

	Ray number m
	Basis vector of offset angles m

	1,2
	± 0.0447

	3,4
	± 0.1413

	5,6
	± 0.2492

	7,8
	± 0.3715

	9,10
	± 0.5129

	11,12
	± 0.6797

	13,14
	± 0.8844

	15,16
	± 1.1481

	17,18
	± 1.5195

	19,20
	± 2.1551


For departure angles (n the procedure is similar.

Step 8:  Random coupling of rays within clusters. 

Couple randomly departure ray angles (n,m to arrival ray angles (n,m within a cluster n, or within a sub-cluster in the case of two strongest clusters (see Step 10a and Table B.1.2.2.1-2).

Coefficient generation:

Step 9:  Draw random initial phase 
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 for each ray m of each cluster n and for four different polarisation combinations (vv,vh,hv,hh). The distribution for initial phases is uniform within (-).

In the LOS case, draw also random initial phases 
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Step 10a:  Generate channel coefficients for each cluster n and each receiver and transmitter element pair u,s.

For the N – 2 weakest clusters, say n = 3,4,…,N,  and uniform linear arrays (ULA), the channel coefficients are given by:
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where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarisations respectively, ds and du are the uniform distances [m] between transmitter elements and receiver elements respectively,  is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel v
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For the two strongest clusters, say n = 1 and 2, rays are spread in delay to three sub-clusters (per cluster), with fixed delay offset {0,5,10 ns} (see Table B.1.2.2.1-3). The delays of the sub-clusters are



[image: image22.wmf]ns

10

ns

5

ns

0

3

,

2

,

1

,

+

=

+

=

+

=

n

n

n

n

n

n

t

t

t

t

t

t
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Twenty rays of a cluster are mapped to sub-clusters as presented in Table B.1.2.2.1-3 below. The corresponding offset angles are taken from Table B.1.2.2.1-2 with mapping of Table B.1.2.2.1-3.

Table B.1.2.2.1-3 Sub-cluster information for intra cluster delay spread clusters

	sub-cluster #
	mapping to rays
	power
	delay offset

	1
	1,2,3,4,5,6,7,8,19,20
	10/20
	0 ns

	2
	9,10,11,12,17,18
	6/20
	5 ns

	3
	13,14,15,16
	4/20
	10 ns


In the LOS case, define 
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 and determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficient generated by (B-18). The channel coefficients are given by:
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where (.) is the Dirac’s delta function and KR is the Ricean K-factor as generated in Step 4 converted to linear scale.

Unaffected text was omitted

