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Introduction
It was agreed at RAN#80 to study NR positioning in Release 16 [1]. Firstly, it is planned to study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]. The objective of the revised SID in RP-182155 [2] includes:
	· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (UMi-street canyon and UMa scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.


For positioning, two general usage scenarios are distinguished
· For fulfilling regulatory requirements and for commercial applications with reduced accuracy requirements, 
· For commercial applications with high accuracy requirements and optimized deployment
Especially for the last one, objects close to the UE (“near scattering clusters”  “early arriving scattered signals”) have a high impact to the positioning accuracy for LOS as well as for NLOS cases. 
In this contribution, we motivate and include further details on the channel model usage. In principle, the channel models originally defined for communication applications can be also applied to the evaluation of positioning, but the parameters relevant for the performance are different.
Motivation and Background
For ToA measurement based positioning methods, the characteristics of the signal arriving first dominate the ToA error statistics. The characteristics of NR technologies (increased use of beam forming) and the requirements of positioning may result in deployment scenarios different from typical 3G/4G deployments. Furthermore for selected applications it may be even possible to take the requirements of positioning into account for the BS positions. The characteristics of the deployments (antenna height, position of BS in respect to the street orientation, etc.) influence also the channel characteristics. Hence, more flexibility on the adjustment of parameters of the channel models may be required.
An example is the installation at high sites within a factory building. For such scenarios the LOS signal is typically blocked/impaired by obstacles close to the UE. The resulting channel characteristics includes two parts
· those dominated by the objects close to the UE (blockage, di-fraction, reflection) 
· the other Scattering clusters 
Within many NR use cases high position accuracy is targeted. Offering higher bandwidth compared to LTE is one of the characteristics of NR. Optimizing the deployments may help to achieve the desired performance. Hence the positioning performance optimization can be split in two tasks:
· Develop a deployment concept (number of TRPs, layout …) suitable for accurate positioning and maximum coverage.
· [bookmark: _GoBack]Optimize the core technology taking into account different channel scenarios and, especially, the channel characteristics of the optimized scenarios. 
For the analysis of the core technology a channel model is required allowing adjustment of the characteristics as expected for optimized deployment scenarios. The enhancements shall fulfill the following requirements: 
· Add more flexibility for the parameter adjustments for characterization of selected propagation conditions. 
· Decouple the parameters relevant for communication and positioning.
· Achieve minimal impact to the models as described in TR38.901 [5].
· Remain applicable to the LLS and SLS models.
The following chapters describe the characteristics of the SSCM model as defined by [5] and includes proposals for enhancements related for better evaluation of the positioning technologies. 
[bookmark: _Ref399679903]Review of 3GPP channel models in the context of positioning systems
[bookmark: _Ref399484991]Channel characteristics relevant for positioning 
The 3GPP channel models according TR 38.901 [5] focus on the characteristics relevant for the MIMO capacity and the demodulator algorithms (channel estimation etc.). For positioning applications based on ToA-measurements (OTDOA, UTDOA …), parameters playing a minor role for MIMO capacity (etc.) dominate the success of the positioning effort. 
For positioning, two propagation scenarios are distinguished: 
· A LOS path exists and can be detected. In this case a high accuracy time-of-flight measurement is feasible and is resulting in high positioning accuracy. Multipath components with low relative delay (<1/B) may impair the accuracy of the LOS peak detection. Hence, special attention shall be put on the multipath components with low delay resulting from objects close to the mobile terminal (UE) or close to the TRP antenna(s). 
· For NLOS conditions the delay of the first detectable correlation peak defines more or less the systematic ToA measurement error (spatial bias). The probability of an “early detectable peak” should be evaluated carefully. This probability may highly depend on the deployment scenario. Assuming beam forming and TRP installations in high sites (e.g. in the roof of a building) the objects close to the UE may dominate the channel impulse response (CIR) characteristics, for example. Due to the resulting directivity, reflections with longer delay from far away objects are less likely.
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Figure 3‑1: Example for industrial deployment scenario

For positioning, several point to point links (for RTT based systems and 3D positioning ≥ 3, for O/UTDOA ≥4) are required. Obviously the reception scenario (LOS or NLOS) of each link differs from the others. The 3GPP models include already a statistical model for the LOS/NLOS probability (chapter 7.4.2 of [5]). This probability depends on the antenna heights and the ground distance between UE and TRP. In [5] the probability is given for the parameter sets defined by [5].  
Beside the characteristics of a single link (one UE  one TRP) the correlation of the propagation characteristics is relevant. Especially, the spatial correlation of the reception states (LOS/NLOS) may become relevant. 
Furthermore, for future NR applications the deployment scenarios may be optimized according to the requirements of positioning technologies or the characteristics of systems using extensively beam-forming. 
Properties of 3GPP channel models w.r.t. positioning
The channel models for 3GPP as defined by [5] are characterized as discussed below:
· The SLS models are based on the SCM concept. 
· Parameter sets are provided for LOS and NLOS conditions
· For the LOS channels a LOS path is combined with a PDP representing the multipath components
· For NLOS channels a random PDP is generated. 
· The properties of the PDPs are mainly defined by the formulas 7.5-1, 7.5-5 and the parameters given in table 7.5.6 of [5]
 	,	(7.5-1)
 		(7.5-5)
· The PDP is typically normalized to delay 0 (see formula 7.5-2). 
 	   	(7.5-2)
TR38.901 [5] defines channel model parameters for different environments. Typically two separate parameter sets for LOS and NLOS conditions are presented. For positioning, the ToA of the “earliest path” is of interest. For the LOS channels defined by [5] this LOS path can be easily detected. The probability that the LOS path is not the strongest path is exceptionally low. The resulting ToA measurement accuracy is high. For NLOS channels the relationship of the earliest detectable path and the LOS delay depends mainly on three parameters 
· The number of used cluster: If more clusters are used the average power per cluster is lower and the related correlation peak is more difficult to detect.  
· The delay spread ,
· The per cluster shadowing std This parameter impacts the probability that the earliest arriving cluster is weak and cannot be detected. 
These three parameters define more or less the achievable ToA estimation accuracy for NLOS conditions. 
Examples for the wideband channel impulse responses and the resulting (average) PDP are given in the following figures. The CIR is normalized to the total power. The figures show the simulated average PDP for 1600 drops equally distributed for the scenarios 38.901_indoor_LOS and 38.901_indoor_NLOS for a carrier frequency of 5GHz. 
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	The LOS peak carries most of the total power.
For K-factor = 7 dB the expected magnitude of the LOS path is 0.91. The average power of delayed clusters depends on the number of clusters used and the PDP profile defined by formula 7.5-5.  
	The plot includes two examples (two rounds of drops): 
· drop300: An early path exists with minor delay of less than 2 ns (in the example app. 8.5 dB below the strongest path, power is app. -12 dB relative to the total power). Depending on the ToA calculation method this peak may be useful. The strongest path is 77 ns (equivalent to distance error 23 m)
· drop800: Several clusters arrive with a delays of 20 to 35ns (equivalent to 6 m respectively 10.5 m distance error)
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	Indoor, LOS, 5GHz
	Indoor, NLOS, 5GHz


Figure 3‑2: Comparison of the properties of Indoor LOS and NLOS channels as defined by [5]
Furthermore the used bandwidth (BW) plays an important role. Clusters arriving within a time interval <1/BW affect the shape of the correlation function. Depending on the ToA estimation algorithm a high error may result, if the clusters cannot be distinguished. Figure 3‑3 depicts an example for the channels “INDOOR_LOS” and “INDOOR_NLOS”. The effective channel impulse response is shown for: 
· Bandwidth 1 GHz, sampling frequency 1 GHz (blue)
· Bandwidth 40 MHz, sampling frequency 1 GHz (oversampling).
· Bandwidth 40 MHz, sampling frequency 50 MHz
The figures highlight: 
· For LOS conditions no/minor impairments for the LOS peak results. The main reason is the distribution of the overall multipath power to several clusters and only small parts of the multipath power arrive within a time interval causing an impairment of the first correlation peak. 
· For NLOS conditions: The delay spread defines the spreading in time of the power. The “lowpass filtered” CIR is an overlap of the response to each channel tap and depends on the delay, the phase and the power of the tap. 
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	LOS conditions: No or minor impairment for the first peak. The “sidelopes” result from the impulse response of the filtering according to the available bandwidth. For the example an ideal lowpass filter (sinc impulse response) as an approximation of the OFDM spectrum is used. 
	NLOS conditions: The peaks of the band limited CIR (convolution of the bandwidth limiting filter and the wideband CIR) are a overlap of several taps of the wideband CIR


[bookmark: _Ref399412783]Figure 3‑3: Impact of band limitation 
For positioning, the following behavior results:
· LOS conditions: 
The simulated power of the LOS-path depends mainly on the antenna patterns, the orientation and the pathloss model. The LOS path suffers only negligibly from “close reflections”. The reason is the normalization of the power. Using the normalization of the delays as described in formula 7.5-2 a multipath component with delay 0 (relative to LOS) is generated, but if many clusters are used the typical power of this cluster is very low and causes only minor impairments. If the SNIR is in a range that the correlation peak can be detected the ToA estimation error is very low. 
 The CIR resulting for LOS condition appears to be “optimistic” according to the characteristics relevant for positioning.
 By adjusting parameters like K-factor, number of clusters and delay spread, the characteristics relevant for positioning become more realistic. But the characteristics relevant for MIMO communication may be completely different. 
· NLOS conditions: 
Two cases are distinguished 
· For (very) high bandwidth (>100 MHz, for example), clusters from different origins can be better determined and the first peak can be distinguished from the following ones. Taking into account the typical numbers of clusters defined by the parameter sets in [5] (10 for RMa_NLOS and 20 for UMa_NLOS) typically the first two taps can be distinguished especially for high delay spreads. Taking into account the normalization to LOS (formula 7.5-2 in [5]) the delay of the first cluster is set to 0ns (relative to LOS). If this peak can be detected the resulting ToA-error is low. If the power of the first peak is low and can’t be detected in low SNIR receive scenarios the properties of the first detectable peak is mainly defined by the delay spread and the per cluster shadowing std Furthermore the mean power of the first cluster depends on the number of clusters selected for the model parameter set. 
· In case of reduced bandwidth the correlation peaks are an overlap of different clusters. According to the phase and the delay of the related channel coefficients a highly impaired correlation peak results. Assuming deployments are optimized for positioning the channel models shall also offer the flexibility to better control the properties of the first clusters. .
The ToA estimation error depends on the estimation algorithm. For the plots given in Figure 3‑4 the following algorithm was selected:
· The measured CIR (correlator output) is normalized to power 1
· The magnitude value is calculated (absolute value of the complex valued correlator output)
· The first peak exceeding the threshold is the ToA estimate.
· For the figures, the position of the ToA estimate is compared. 
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	Very high bandwidth (1GHz)
Example: Thr=-10dB: Median value of the error is 16ns
	Bandwidth 40MHz
Example: Thr=-10dB: Median value of the error is app. 17ns


[bookmark: _Ref399421508]Figure 3‑4: Impact of correlator peak detection threshold
Three observations can be concluded:
Observation 1: The probability of a detectable “early cluster” (this depends on the channel characteristics itself and the used algorithm) defines the Toa-Error statistics. 
Observation 2: The bandwidth has a high impact to the Toa estimation error. The impact depends on many parameters and for selected configuration the impact may be even small. 
Observation 3: The channel models defined by in TR38.901 offer limited flexibility to adjust the parameters of these early clusters.
We propose four actions to solve this issue:
Proposal 1: The CIR characteristics of “optimized deployments” (or the interaction between the deployment scenario and the channel characteristics) shall be studied. 
Proposal 2: For the LLS models additional CDL tables shall be defined. 
Proposal 3: Generate with the procedures defined by TR38.901 two sets of clusters using two DS parameters, with DS1 defining the delay spread of the early arriving cluster and DS2 defining the delay spread of the other components. DS2 may be identical to the already defined DS parameters in TR38.901.
Proposal 4: Allow the adjustment of the ratio of the power of the “early clusters” to the remaining clusters. This could be seen as parameter similar to the K-factor (“K2”). Instead of considering the (not delayed) LOS signal only, the sum of the power arriving with a [TBD] time interval is considered. 
A first outline of the implementation of proposal 2, 3 and 4 are given in the annex. 
Adding “semi deterministic clusters” to statistical models 
Background and concept
Both, statistical models and deterministic models (e.g. models based on ray-tracing) have pros and cons. The proposal adds advantages of the deterministic models to the statistical models mainly used within 3GPP.  
The concept is: For a few clusters the parameters delay, AoA, AoD, ZoA and ZoD are calculated according to the position of a scattering object. The position of the scattering object is defined manually or a statistical distribution defining the object relative to the UE position (e.g. taking into account the UE trajectory). This allows the modeling of effects like “reflections from buildings close to the street” in a semi deterministic way.
To keep the advantages of the statistical models most clusters parameters are calculated in the traditional way as defined in [5].
 Example 
The concept will be explained on the example of QuaDRiGa (QUAsi Deterministic RadIo channel GenerAtor) [6], but it is valid in principle for many channel modelling frameworks. QuaDRiGa is an implementation of SSCM (Statistical Spatial Channel Model) as considered in [5]. Generally, the channel modelling of QuaDRiGa can be split into 4 steps.  
1. Definition of the setup (TX positions/trajectories, RX positions/trajectories, antenna pattern, assignment of the receive scenario (select the applicable parameter set))
2. LSP: Calculation of the correlated large scale parameters ()
3. SSP: Generate small scale parameters (AoA, AoD, delays, cluster power, polarization parameters, coupling of rays)
4. Calculate channel coefficients (taking into account antenna patterns). 
Step 2 and 3 are statistically defined. QuaDRiGa implements step 4 in a deterministic way. The SSP are converted into a position of the bouncing clusters and the impact of position changes calculated in a deterministic way. This makes the model software useful for the testing of positioning applications including post processing of the raw data. For each update of the SSP inline with the procedures as defined in [5], including the spatial consistency procedures, the positions of the clusters are updated.  
Apart from the general methodology, it is possible to calculate the SSPs generated in step 3 in a deterministic fashion. A scattering object is placed in the layout and the AoA, AoD, ZoA, ZoD and delay are calculated according to the position of the TX and the RX. For the remaining parameters a statistical model can be applied.  
An example is depicted in Figure 3-5. Only two scattering clusters are shown. One is generated in a (semi-)deterministic way. In the example a scattering cluster is placed using the following input: 
· The simulation is performed along the trajectory shown in the figure (green bold line)
· The position of the scattering cluster is defined relative to the trajectory (in the example:  7.5m distance to the “street”, 13m ahead @ start of track)  
The second cluster is generated according to the procedures defined by [5]. A multi-bounce model is assumed in order to generate a propagation path inline with the statistically generated AoA, AoD and delay. 
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Figure 3‑5: Semi deterministic cluster

The introduced concept offers the following advantages. 
· The channel effects can be described inline with the usage scenario. 
· Defining the position of clusters implies a spatial consistency of the resulting parameter, e.g. for moving objects or close UEs. 
· The method can be also used to rebuild scenarios used for measurements in a simulation environment in order to compare the measurement data and the channel model plus the estimator output.
· Minor modifications to the SSCM as defined by [5] are required and the advantages of statistical models are combined with features of deterministic models. 
· The concept can be also extended (adding more deterministic clusters) for testing positioning method based on, e.g., fingerprinting. 
Observation 4:  Placing “semi-deterministic clusters” in the layout as an extension of the statistical models defined by TR38.901 is easy to implement. The position of the “semi-deterministic clusters” can be defined inline with application scenarios. Keeping for many (most) clusters the procedure as defined by TR38.901 reduces the number of additional parameters and maintains the statistical properties of the models. 
Proposal 5: Add the features “semi-deterministic clusters” to the SSCM model as defined by TR38.901.


Conclusions
In this contribution we evaluated the adjustments needed of the channel models defined in TR38.901 for positioning evaluations. 
Following the above analysis we have the following observations
Observation 1: The probability of a detectable “early cluster” (this depends on the channel characteristics itself and the used algorithm) defines the Toa-Error statistics. 
Observation 2: The bandwidth has a high impact to the Toa estimation error. The impact depends on many parameters and for selected configuration the impact may be even small. 
Observation 3: The channel models defined by in TR38.901 offer limited flexibility to adjust the parameters of these early clusters.
We propose four actions to solve this issue:
Proposal 1: The CIR characteristics of “optimized deployments” (or the interaction between the deployment scenario and the channel characteristics) shall be studied. 
Proposal 2: For the LLS models additional CDL tables shall be defined. 
Proposal 3: Generate with the procedures defined by TR38.901 two sets of clusters using two DS parameters, with DS1 defining the delay spread of the early arriving cluster and DS2 defining the delay spread of the other components. DS2 may be identical to the already defined DS parameters in TR38.901.
Proposal 4: Allow the adjustment of the ratio of the power of the “early clusters” to the remaining clusters. This could be seen as parameter similar to the K-factor (“K2”). Instead of considering the (not delayed) LOS signal only, the sum of the power arriving with a [TBD] time interval is considered.
In the last section we evaluated adding “semi-deterministic clusters” as an alternative (or complementary) method for the emulation of usage scenarios critical for positioning. Following observations and proposals are made:
Observation 4:  Placing “semi-deterministic clusters” in the layout as an extension of the statistical models defined by TR38.901 is easy to implement. The position of the “semi-deterministic clusters” can be defined in line with application scenarios. Keeping for many (most) clusters the procedure as defined by TR38.901 reduces the number of additional parameters and maintains the statistical properties of the models. 
Proposal 5: Add the features “semi-deterministic clusters” to the SSCM model as defined by TR38.901.
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Annex  
A. [bookmark: _Ref399756775]Discussion of Proposal 2, 3 and 4: „additional early clusters“
As highlighted above, the characteristics of the first arriving clusters are the key parameters for positioning. The models defined by [5] have the following drawbacks:
· The delay of the first arriving scattering cluster is normalized to the LOS delay ().
· The probability of an additional cluster arriving within a delay relevant for the impairment of the first correlation peak depends on the overall desired delay spread and the number of clusters. The effect of “object close to the UE” (either strong scattering clusters or blocking the LOS signal) plays an important role for positioning and shall be carefully modeled. This implies two requirements 
· The model shall offer additional parameters for defining these early clusters.
· The related parameters shall be studied (e.g. additional analysis of existing measurement data or complementary measurements).
· For LOS channels the proposed K-Factor and the PDP profile and the normalization of the power results in minor impairment of the first arriving signal. For high accuracy positioning applications focusing on LOS scenarios this is too optimistic. 
· The impact of “scatterers close to the UE” is partly modeled by splitting a cluster in sub-clusters and using an “intra cluster delay spread” (parameter cDS). For UMa and UMi the cDS depends on the carrier frequency. For RMa and INDOOR this parameter is set to a constant value representing a distance difference of 3.91*1.28ns and 3.91*2.56ns (equivalent to 1.5m and 3m).
A.1 Link-level models (proposal 2)
The clustered delay line (CDL) and tapped delay line (TDL) models defined by TR38.901 [5] are characterized in the following:
· CDL/TDL-D and E are very well natured with respect to the positioning accuracy featuring minor impairments of the LOS peak. 
· For CDL/TDL-A, the first cluster is very weak and may be very difficult to detect. The power of the first cluster is in average -18.8 dB relative to the total power. The delay of this first cluster is set to 0 ns. Assuming this is the LOS-delay the effective (average) K-Faktor is -18.7dB. The delay for the second (strong) cluster is 0.38*DSdesired (DSdesired is given in [5], Table 7.7.3-2).  Hence, the ToA estimator will typically be locked to the second cluster resulting in rather biased estimates. 
· CDL/TDL-B and C may be a good test case for many positioning applications. Depending on the delay scaling factor and the bandwidth, significant impairment for the first cluster representing the LOS-delay may result. 
A.2 System level models (proposal 3+4) 
The main drawback of the SLS model described in [5] is the interaction between the parameters. Adapting the characteristics of the “earliest detectable peak”, the existing model can support the implementation of realistic use cases.  
There are some options enabling higher impairments of the LOS peak (e.g. simulate reflections from objects close to the UE) for the LOS case.
1. If we reduce the K-factor, the ratio between LOS and close reflections is smaller.
2. Reducing the number of clusters yields a higher average power per cluster, i.e. also that of the first (non-LOS) cluster. 
3. With an increasing “Per cluster shadowing std “ the variation of the power of the first cluster grows.
If we want to adjust the properties of the “first detectable cluster” for NLOS cases, e.g. for increasing the power or for changing the delay range there are some further options. 
1. The reduction of the delay spread is equivalent with a higher probability of many cluster with a low delay.
2. A decrement of the “Per cluster shadowing std “ yields a higher probability that the “early cluster” is (one of) the strongest cluster.
3. If the number of clusters is reduced, it increases the average power for each of the remaining clusters.
Changing these parameters will result in a completely new behavior of the channel and may result in several characteristic being not inline with definitions and measurements. Another method offers a greater flexibility within the definition of channel property. 
The following method is proposed: 
· The delay of the first cluster is not longer normalized to 0. 
· One or [TBD] clusters are generated with low delay(s) (= “early arriving clusters”). 
· A second “K-factor” is introduced. The existing K-Factor defines the power ratio of the LOS (specular) component to the remaining power. The second factor then called  defines the ratio of the power of the “early arriving clusters” (for example clusters arriving within a delay <1/bandwidth) to the power of the remaining clusters. 
This impacts Step 5 and Step 6 of the generation of the channel model (see page 32 of [5]). A second delay spread  is introduced. It defines the spread of the “early arriving clusters”. 
Instead of


two sets of cluster delays are calculated by 



In the same way two sets of cluster powers are generated


The normalization of the power is performed in 2 steps 
· Pn1 and Pn2 are weighted with the “ factor”
· The total power is normalized to 1 
The following plots compare example PDPs
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	Without “early clusters”
	With early clusters (N1 = 2, N2 =14, K2lin = 4) 
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	PDP statistics without early clusters
	PDP statistics with early clusters


Figure 6‑1: Comparison of the CIR examples and PDP with and without early clusters 



B. [bookmark: _Ref399756795]First draft proposals for CDL-F and CDL-G
Two additional CDL tables should be added to TR38.901. The TDL tables can be derived from the CDL tables as described in TR38.901. 
Note: The values used for the tables are TBC 
B.1 CDL-F
The proposed table for CDL-F is characterized by: 
· Based on CDL-A (NLOS case with very weak early cluster and a strong second cluster)
· An additional cluster is added with a delay in between the first cluster (0ns) and the second cluster (normalized delay 0.3819) 
· The delay for this additional cluster shall be selected randomly 
· A new delay is calculated for each drop 
· The normalized delay is drawn from the distribution [uniform(0.05, 0.35)]
Justification for the proposed parameter: 
· The additional cluster shall be placed in between cluster 1 and 2 of CDL-A
· The delay is random resulting in an “early detectable cluster” or (for systems with limited bandwidth) an impairment of the strong cluster at 0.3819 
The resulting table is given below 

B.2 CDL-G
The proposed table for CDL-F is characterized by:
· Based on CDL-E (LOS case with minor variation of the LOS peak and high delay of the second cluster
· An additional cluster is added with a delay in between the first cluster (0ns) and the second cluster (normalized delay 0.5133) 
· The delay for this additional cluster shall be selected randomly 
· A new delay is calculated for each drop 
· The normalized delay is drawn from the distribution [uniform(0.05, 0.5)]
Justification for the proposed parameter 
· The additional cluster shall be placed in between cluster 1 and 2 of CDL-E
· Depending on the delay between cluster 1 and 2 a high or minor impairment for the first cluster (specular component plus minor multipath impairments)

Table 7.7.1-X. CDL-F (TO BE ADDED TO TR 38.901)
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-13.4
	-178.1
	51.3
	50.2
	125.4

	2
	Random
[ uniform(0.05,0.35)]
	-5
	0
	150
	93.2
	80

	3
	0.3819
	0
	-4.2
	-152.7
	93.2
	91.3

	4
	0.4025
	-2.2
	-4.2
	-152.7
	93.2
	91.3

	5
	0.5868
	-4
	-4.2
	-152.7
	93.2
	91.3

	6
	0.4610
	-6
	90.2
	76.6
	122
	94

	7
	0.5375
	-8.2
	90.2
	76.6
	122
	94

	8
	0.6708
	-9.9
	90.2
	76.6
	122
	94

	9
	0.5750
	-10.5
	121.5
	-1.8
	150.2
	47.1

	10
	0.7618
	-7.5
	-81.7
	-41.9
	55.2
	56

	11
	1.5375
	-15.9
	158.4
	94.2
	26.4
	30.1

	12
	1.8978
	-6.6
	-83
	51.9
	126.4
	58.8

	13
	2.2242
	-16.7
	134.8
	-115.9
	171.6
	26

	14
	2.1718
	-12.4
	-153
	26.6
	151.4
	49.2

	15
	2.4942
	-15.2
	-172
	76.6
	157.2
	143.1

	16
	2.5119
	-10.8
	-129.9
	-7
	47.2
	117.4

	17
	3.0582
	-11.3
	-136
	-23
	40.4
	122.7

	18
	4.0810
	-12.7
	165.4
	-47.2
	43.3
	123.2

	19
	4.4579
	-16.2
	148.4
	110.4
	161.8
	32.6

	20
	4.5695
	-18.3
	132.7
	144.5
	10.8
	27.2

	21
	4.7966
	-18.9
	-118.6
	155.3
	16.7
	15.2

	22
	5.0066
	-16.6
	-154.1
	102
	171.7
	146

	23
	5.3043
	-19.9
	126.5
	-151.8
	22.7
	150.7

	24
	9.6586
	-29.7
	-56.2
	55.2
	144.9
	156.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	3
	10



Table 7.7.1-X. CDL-G (TO BE ADDED TO TR 38.901)
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular (LOS path)
	0.000
	-0.03
	0
	-180
	99.6
	80.4

	
	Laplacian
	0.000
	-22.03
	0
	-180
	99.6
	80.4

	2
	Laplacian
	Random, 
[ uniform(0.05,0.5)]
	-5
	0
	-170
	99.6
	80.4

	3
	Laplacian
	0.5133 
	-15.8
	57.5
	18.2
	104.2
	80.4

	4
	Laplacian
	0.5440
	-18.1
	57.5
	18.2
	104.2
	80.4

	5
	Laplacian
	0.5630
	-19.8
	57.5
	18.2
	104.2
	80.4

	6
	Laplacian
	0.5440
	-22.9
	-20.1
	101.8
	99.4
	80.8

	7
	Laplacian
	0.7112
	-22.4
	16.2
	112.9
	100.8
	86.3

	8
	Laplacian
	1.9092
	-18.6
	9.3
	-155.5
	98.8
	82.7

	9
	Laplacian
	1.9293
	-20.8
	9.3
	-155.5
	98.8
	82.7

	10
	Laplacian
	1.9589
	-22.6
	9.3
	-155.5
	98.8
	82.7

	11
	Laplacian
	2.6426
	-22.3
	19
	-143.3
	100.8
	82.9

	12
	Laplacian
	3.7136
	-25.6
	32.7
	-94.7
	96.4
	88

	13
	Laplacian
	5.4524
	-20.2
	0.5
	147
	98.9
	81

	14
	Laplacian
	12.0034
	-29.8
	55.9
	-36.2
	95.6
	88.6

	15
	Laplacian
	20.6419
	-29.2
	57.6
	-26
	104.6
	78.3

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	7
	8
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