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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the Channel Modeling Ad hoc meeting, small-scale parameters for > 6GHz channel model in UMi and UMa were discussed [1] , [2] and agreed as working assumption. In [1] and [2], cluster delay spread was proposed, however the implementation was not mentioned. Furthermore, the need to support large antenna arrays has been discussed and agreed to be captured in the TR [5]. In this contribution, we propose implementation of cluster delay and angle spread for > 6GHz channel model.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion
The present 3GPP 3D model [3] does not consider cluster delay spread. While generate clusters in 3GPP 3D model, only two strongest clusters are considered to be spread in delay to three sub-clusters, with fixed delay offset {0, 5, 10 ns}. The delays of the sub-clusters are

,	                                                                                                                                                     (1)

where   is delay of cluster n. Twenty rays of two strongest clusters are mapped to sub-clusters as presented in Table 1 below. 
	Table 1: 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


For the others clusters, twenty rays of those have the same delays with the cluster delays.
In the angular domain, these rays are mapped to offset angles as presented in Table 2 below. A scaling is applied to produce other cluster angular spreads.
	Table 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



All 20 rays have the same powers.
For the case of  >  6GHz channel,  the individual channel bandwidths may be in the range of 100 MHz to 2 GHz and large band width (BW) case is discussed [4]. For such a large bandwidth, the delay resolution may be much finer than the present 3GPP 3D model caters for. Similarly, larger antenna arrays may be considered where the angular resolution can be down to 1 degree. Considering narrow BW and large BW and small and large antenna arrays, we propose two alternatives of implementation method of cluster delay and angle spread.

Alternative 1: Implementation for narrow BW and smaller antenna arrays based on sub-cluster information of 3GPP 3D model

· Only two strongest clusters are considered to be spread in delay to three sub-clusters with offset delay as presented in Table 3 below.
Table 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
	1.28 

	3
	13,14,15,16
	4/20
	2.56 




where  is cluster DS.

· The other clusters have cluster DS equal to zero ns.
· Ray offset angles and scaling is reused from 3D SCM.
· Received levels of rays inside cluster are the same.


Alternative 2: Implementation for large BW and/or large arrays

· Delay times and angle offsets of rays are random
· Received levels of rays inside cluster are exponential function of delays and Laplacian function of offset angles.
[image: ]

Figure 1: Assignment of rays inside cluster with exponential distribution


Alternative 2a: Method using generating step of cluster delays and angles in the 3GPP 3D channel model

The delays and angles of the rays can be generated as follows:

Here the step 5 and 6 of generating delays of clusters of the 3GPP 3D model can be used to generate delays of rays as below:
Delays are drawn randomly from the delay distribution (exponential distribution). 

	(2)

Where  is the delay distribution proportionality factor, Xm ~ uniform (0,1), and ray index m = 1,…, M. With uniform delay distribution the delay values m’ are drawn from the corresponding range. Normalize the delays by subtracting the minimum delay and sort the normalized delays to ascending order:

           														          (3)

 The received levels of rays are determined by 

																(4)
Average received level so that the sum received level of all rays is equal to one, i.e.,

                                              		       (5)
Here the step 7 of generating angles of clusters of the 3GPP 3D model can be used to generate delays of rays as below:
The composite PAS in azimuth of all rays is modelled as Laplacian. The AOAs are determined by applying the inverse Laplacian function (6) with input parameters Pm and RMS cluster angle spread

														  (6)

In equation (6),  is cluster angle spread and the constant C is a scaling factor related to the total number of rays (value FFS) .


Assign positive or negative sign to the angles by multiplying with a random variable Xm with uniform distribution to the discrete set of {1,–1}, and add component  to introduce random variation

	    	           (7)
where ϕLOS,AOA is the LOS direction defined in the network layout description.

Alternative 2b: New method
The delays and angles of the rays can be generated as follows:
 Delays are drawn randomly from a uniform distribution. Calculate 

Where  is the maximum delay (value FFS, e.g. 2 times the cluster delay spread), Xm ~ uniform(0,1) and ray index m = 1,…,M. M is the number of rays per cluster.
Ray offset angles of arrival and departure in azimuth and elevation are independently drawn from uniform distributions:
Calculate
															(8)
Where  is the maximum angle (value FFS, e.g. 2 times the respective cluster angular spread), Ym ~ uniform(0,1)  and ray index m = 1,…,M. The same procedure is independently applied to azimuth and elevation AODs and AOAs with the respective spreads and autocorrelation distances. 
Ray powers are calculated assuming a single slope exponential power profile and Laplacian  angular power profiles. The ray powers are determined by
									  (9)
where  is the intra-cluster delay spread and  is the intra-cluster angular spread. 

Note: Possible spatial consistent extensions of alternative 2a and 2b are discussed in the Appendix 

Proposals 1:  Adopt Alternative 1 for low complexity simulations where narrow BW
Proposals 2:  Down select from Alternative 2a and Alternative 2b for for large BW and/or large arrays

3	Conclusion
In this contribution, implementation of cluster delay spread for > 6GHz channel model has been discussed. The following are proposals.
Alternative 1: Implementation for narrow BW based on sub-cluster information of 3GPP 3D model

Alternative 2: Implementation for large BW and/or large antenna arrays using generating step of cluster delays and angles in the 3GPP 3D channel model
Alternative 2a: Method using generating step of cluster delays and angles in the 3GPP 3D channel model
Alternative 2b: New method

Proposals 1:  Adopt Alternative 1 for low complexity simulations where narrow BW
Proposals 2:  Down select from Alternative 2a and Alternative 2b for large BW and/or large arrays

Appendix: Spatial consistency considerations
Both Alternative 2a and 2b rely on random realizations of delay times and angle offsets. It can be rather straightforward to make the random variables Xm and Ym spatially consistent in the same manner as agreed in [6]. What need to be specified then are the correlation distances. It seems reasonable to assume that the respective correlation distances are of the same order as the correlation distances of the delay and angular spreads. If either Alternative 2a or 2b is agreed then the question of spatial consistency procedure and correlation distances can be revisited.

References
[bookmark: _Ref446677259]R1-161661, “Joint proposal on large-scale parameters for UMa scenario”, Nokia Networks, AT&T, CMCC, Ericsson, ETRI, Huawei, HiSilicon, Intel, KT Corporation, NTT DOCOMO, Qualcomm, Samsung, Ljubljana, March. 14-16, 2016.
[bookmark: _Ref446751193]R1-161706, “Joint proposal on large-scale and small-scale parameters for >6GHz channel model”, Nokia Networks, AT&T, CMCC, Ericsson, ETRI, Huawei, HiSilicon, Intel, KT Corporation, NTT DOCOMO, Qualcomm, Samsung, Ljubljana, March. 14-16, 2016.
3GPP, TR36.873 (v12.2.0), “Study on 3D channel model for LTE,” July 2015.
R1-163487, “WF on propagation delay modeling over large antenna array”, LG Electronics, ETRI, InterDigital, Keysight, Samsung, Ericsson, Huawei, Busan, Korea, April 11-15, 2016.
R1-161742, “Text proposal to TR 38.900 to add channel modeling requirements	“. Huawei, HiSilicon, CMCC, Fraunhofer HHI, Keysight, Telecom Italia, Vodafone, Orange, ZTE, Ericsson, AT&T, Ljubljana, March 2016.
R1-163475, “WF on spatial consistency”, Intel Corporation, InterDigital, Huawei, HiSilicon, Qualcomm, Ericsson, LGE, Nokia, Alcatel Shanghai Bell, NTT DoCoMo, Samsung, CATT, ETRI, Lenovo, Motorola Mobility, NTT, ZTE, AT&T, Busan, Korea, April 11-15, 2016.
image2.wmf
n

t


oleObject2.bin

image3.wmf
DS

m


oleObject3.bin

image4.emf
t

Received level

Exponential delay profile

Ray inside cluster


image5.wmf
(

)

m

DS

DS

m

X

r

ln

'

m

t

m

-

=


oleObject4.bin

image6.wmf
DS

r

m


oleObject5.bin

image7.wmf
(

)

(

)

'

min

'

sort

m

m

m

t

t

t

-

=


oleObject6.bin

image8.wmf
÷

÷

ø

ö

ç

ç

è

æ

-

-

=

DS

DS

DS

m

m

r

r

P

m

t

m

m

1

exp

'


oleObject7.bin

image9.wmf
å

=

=

M

m

m

m

m

P

P

P

1

'

'


oleObject8.bin

image10.wmf
(

)

(

)

C

P

P

m

m

AOA

AOA

m

max

ln

'

,

,

f

s

f

-

=


oleObject9.bin

image11.wmf
AOA

,

f

s


oleObject10.bin

image12.wmf
(

)

2

2

7

,

0

~

,

AOA

m

Y

f

s

N


oleObject11.bin

image13.wmf
AOA

LOS

m

AOA

m

m

AOA

m

Y

X

,

,

,

'

f

f

f

+

+

=


oleObject12.bin

image1.wmf
ns

10

ns

5

ns

0

3

,

2

,

1

,

+

=

+

=

+

=

n

n

n

n

n

n

t

t

t

t

t

t


oleObject1.bin

