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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 method of implementation was not mentioned.
In this contribution, we discuss on implementation of cluster delay 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.
For the case of >6GHz channel, because the individual channel bandwidths may be in the range of 100 MHz to 2 GHz, the delay resolutions of the channels will be higher and more sub-clusters will be observed in delay dimension. Hence, cluster delay spread (DS) was proposed in [1] and [2]. To implement this property, four following alternatives can be made.

Alternative 1: Based on 3GPP 3D model with offset delay change to fit with the values of cluster DS in [1] and [2].
· Only two strongest clusters are considered to be spread in delay to three sub-clusters with offset delay change to fit with the measured values of cluster DS of each environment. The detail of assigning rays should be FFS.
· The other clusters have cluster DS equal to zero ns.
· Received levels of rays inside cluster are the same.
· This method can be used for the case of channel bandwidth is narrow with low complexity of implementation.

Alternative 2: Every cluster is spread in delay to three sub-clusters with offset delay change to fit with the measured values of cluster DS of each environment.
· The detail of assigning rays should be FFS.
· Received levels of rays inside cluster are the same.
· This method can be used for the case of channel bandwidth is narrow with low complexity of implementation.

Alternative 3: Every cluster is spread in delay with the same delay interval and constant received level.
· Delay time intervals between rays are the same. 
· Received levels of rays inside cluster are the same. 

The detail of time interval is defined as (2).

,                                                           (2)


Where  is number of rays per cluster and is cluster DS. 
 And the cluster width is defined as (3).

                (3)
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Figure 1:   Assignment of rays inside cluster with same delay interval

· This method can be beneficial for various channel bandwidths with low complexity of implementation.

Alternative 4: Every cluster is spread in delay with exponential distribution.
· Delay time intervals between rays are constant or random.
· Received levels of rays inside cluster are exponential function of delays.
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Figure 2: Assignment of rays inside cluster with exponential distribution

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). 

,	(4)

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:

               (5)

 The received levels of rays are determined by 

	(6)
where m ~ N(0,) is the per cluster shadowing term in [dB]. Average received level so that the sum received level of all rays is equal to one, i.e., 

                                                (7)
· This method has affinity with direct sampling method of Laplacian and can be beneficial for various channel bandwidths.

3	Conclusion
In this contribution, implementation of cluster delay spread for >6GHz channel model has been discussed. The four following alternatives are made.
Alternative 1: Based on 3GPP 3D model with offset delay change to fit with the values of cluster DS.

Alternative 2: Every cluster is spread in delay to three sub-clusters with offset delay change to fit with the values of cluster DS of each environment.

Alternative 3: Every cluster is spread in delay with the same delay interval and constant received level.

Alternative 4: Every cluster is spread in delay with exponential distribution.

Proposals: 
Proposals 1: The Alternative 1 and 2 can be used for the case of channel bandwidth is narrow with low complexity of implementation
Proposals 2: The Alternative 3 can be beneficial for various channel bandwidths with low complexity of implementation.
Proposals 3: The Alternative 4 should be used for the case of requirement for high accuracy of channel with various bandwidths.
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