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1 Introduction
TR 37.977 V1.1.0 [1] specifies the channel models for “Verification of radiated multi-antenna reception performance of User Equipment”. The channel models are so called SCME Urban macro and SCME Urban micro. The propagation parameters are specified in Tables 8.2-1 and 8.2-2 in [1], with a clarification that the “…SCME Urban Micro (/Macro)-cell is unchanged from the original SCME paper…”. On the other hand the cluster power angular spectrum (PAS) shape is specified as Laplacian. This description gives room for two slightly different interpretations of the exact PAS of the models: 
· Interpretation 1: per cluster PAS is a continuous Laplacian function, 
· Interpretation 2: per cluster PAS is a discrete function composed of 20 sub-paths (rays or sinusoids) with the magnitudes and angular offsets as specified in [2]. 
While both these interpretations are correct, one of these interpretations has to be selected in order to define unambiguous reference curves to section 8.3.2: “Validation measurements” of [1]. 
 
Both interpretations of PAS are described in this document as well as the methods to determine spatial and temporal correlation functions derived from the PAS. The resulting spatial and temporal correlation functions are presented and a recommendation for reference curves to section 8.3.2 is provided.
2 Power Angular Spectra
1 
2 
Theoretical SCME Implying Continuous Laplacian Angular Spread
The distribution of the magnitudes/angles of arrival of plane wave components within the mth cluster is a truncated Laplacian random variable such that the power angular spectrum (PAS) of one cluster is:

	
	



where  is the relative power ratio of the cluster,  is the azimuth angle of arrival,  is the mean angle of arrival of the cluster, and  is the arrival angular spread of the cluster (all clusters share the same angular spread parameter).  The power angular spectra of the vertically and horizontally polarized arrivals are identically shaped. A reference for the Laplace distribution is [5].
Discrete 20 rays
The discrete PAS of one cluster with 20 rays is defined as

	
	(2)



where  is the nth offset angle in radians, specified in Table 1. The main reference for this equation is [2].
[bookmark: _Ref370989624]Table 1. Sub-path AoA offsets (Table 5.2 of [2])

	Sub-path # (m)
	
Offset for a 35 AS ()

	1, 2
	
1.5649

	3, 4
	
4.9447

	5, 6
	
8.7224

	7, 8
	
13.0045

	9, 10
	
17.9492

	11, 12
	
23.7899

	13, 14
	
30.9538

	15, 16
	
40.1824

	17, 18
	
53.1816

	19, 20
	
75.4274



3 Spatial correlation
Spatial correlation, i.e. the correlation between field coefficients in spatially separated locations, is the inverse Fourier transform of the power angular spectrum [3] observed by a DUT. It can be calculated based on a sampled PAS or analytically for truly continuous PAS. In the following both methods are introduced.
3 
Sampled
Spatial correlation can be calculated from a sampled continuous (or discrete) PAS by the inverse discrete Fourier transform. Correlation coefficient for a spatial separation , in wave lengths on the carrier center frequency, to the direction perpendicular to the AoA direction  (i.e. DoT ) is

	
	(3)



where M is the number of clusters, N is the number of rays (or plane waves or angular samples) per cluster,  is the power of received ray m,n and P is the sum power of all received rays [3]. Power of received ray m,n is defined as

	
	(4)



where  is the ray power specified by the propagation model, i.e. the mth cluster power and the cluster power angular spectrum,    and  are Tx antenna gains to AoD  for the vertical and horizontal polarizations, respectively. Because angular spread in BS side is narrow and the coupling of AoA and AoD ray angles is typically not pre-defined the Tx antenna gains can be approximated by substituting nominal AoDs to eq. (2):  and . 

Assuming ideal isotropic dual polarized Rx antenna the eq. (3) and (4) can be utilized to determine spatial correlation both for sampled continuous Laplacian PAS and for 20 rays SCM of [2]. If Rx antenna is assumed ideal vertically polarized the eq. (3) has to be modified by XPR parameter  as follows

	
	(5)



For example with 20 rays defined in [2] the ray power  is the power  of nth cluster in the propagation model table divided by 20, i.e. . Further on with 20 rays of [2] the AoA are defined as  . Because angular spread in BS side is narrow the Tx antenna gains can be approximated in SCMe case by nominal AoDs:  and .
Theoretical
Derivation of the spatial correlation is given [4]. If the formulas of [4] are utilized the cluster power values  have to be affected by Tx antennas according to eq. (3) for ideal isotropic dual polarized Rx antenna and according to eq. (4) for ideal vertically polarized Rx antenna.
4 Temporal correlation
Temporal correlation, i.e. the correlation between field coefficients with a time separation, is the inverse Fourier transform of the Doppler power spectrum [3]. A time invariant environment, i.e. time invariant PAS, an immobile Tx, and a linear motion of Rx with constant velocity is assumed. Knowing the velocity vector, i.e. the direction of travel and speed, the temporal correlation can be calculated based on a sampled PAS or analytically for truly continuous PAS. In the following both methods are introduced. 
4 
Sampled
Similarly to the spatial correlation the temporal correlation can be calculated from a sampled continuous (or discrete) PAS by the inverse discrete Fourier transform. Correlation coefficient for a temporal separation  in seconds, or equivalently in wavelengths on constant velocity to the direction travel , is [3]

	
	(6)



where  is the maximum Doppler shift defined by the velocity v, the speed of light c, and the carrier center frequency fc as

	
	   (7)


Analytical
A full derivation of analytical temporal correlation function is not shown in this document. The temporal correlation is analogous to the spatial correlation with the assumptions listed above. The travelled distance in wavelengths on constant velocity is 

	
	  (8)



 Further on from basic trigonometry

	
	  (9)



Thus the temporal correlation with the unit of wavelength can be calculated exactly as the spatial correlation in section 3.2 by introducing DoT dependency and substituting AoA  with 
	
	    (10)


5 Correlation curves
5 
Spatial correlation
Figure 1 shows the spatial correlation comparison of the continuous and discretized PAS sampling methods. The channel models are as specified in the tables in [1], including the angular filtering and polarization imbalance effects due to the combination of BS antenna field pattern, AoD and XPR. The model with 20 sinusoids matches well with the continuous model for the UMi case but deviates about 0.05 at 0.5 wavelengths for the UMa case. 
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(a)				       (b)
Figure 1. Spatial correlation curves comparing of the model with a continuous Laplacian PAS (blue) and the model with a discretized 20 ray PAS (red) of SCME UMi (a) and UMa (b).
Temporal correlation
Figure 2 shows the temporal correlation comparison of the continuous and discretized PAS sampling methods. The channel models are as specified in the tables in [1], including the angular filtering and polarization imbalance effects due to the combination of BS antenna field pattern, AoD and XPR. The model with 20 sinusoids deviates about 0.05 around 0.5 wavelengths for both of the UMi and UMa cases.
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Figure 2. Temporal correlation curves comparing of the model with a continuous Laplacian PAS (blue) and the model with a discretized 20 ray PAS (red) of SCME UMi (a) and UMa (b).
6 Reference Curves
In Figures 8.4.3.1 and 8.4.4.1 of [1], it appeared that the curves were different. This is because one of these curves used the continuous Laplacian assumption, while the other curve was based on the quantized version with 20 sinusoids.  While the throughput results with both these interpretations were within the uncertainty bound, a proper reference need to set, so that this ambiguity can be resolved.  We propose to select the 20 ray discrete PAS reference as the model is more commonly used within 3GPP. 

7 Conclusions
Two interpretations of the exact PAS SCME Urban micro and macro models of [1] are presented. In order to define unambiguous reference correlation curves to section 8.3.2 “Validation measurements” of [1] we propose to select the 20 rays discrete PAS as the reference since the discrete model is the more commonly used assumption and defined by 3GPP in [2]. The actual implementation of channel models is still left open for each vendor as far as the validation measurements match the reference curves of section 8.3.2 in [1].
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