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1 Introduction

1.1 Scope of this document 

This contribution attempts to combine the Spatial Channel Model (SCM) link level evaluation methodologies discussed in expert groups within 3GPP (TSG RAN WG1, MIMO and Channel Modeling Ad-hoc) and 3GPP2 (TSG C, WG3 Spatial Channel Model AHG).  The two methodologies are very similar.  Both groups started with a set of temporal channel models defined by specific power delay profiles (PDPs) and with corresponding mobile station speeds and Doppler spectra, as specified in Recommendation ITU-R M.1225. These PDP-based channel models were extended by a set of additional spatial modeling parameters independently by both groups. This extension of ITU models to SCM link level models was done for a number of different model cases.

1.2 Current status of SCM discussions in 3GPP and 3GPP2

Table 1 summarizes the current assumptions on SCM link level parameters as discussed in both groups so far. Common parameters are colored in black, 3GPP-specific parameters in blue and 3GPP2-specific parameters in red. The values in Table 1 are taken from [1] and [2]. Note that [1] was not presented in 3GPP TSG RAN1 so far and, therefore, is not an agreed 3GPP TSG RAN1 document. Although some of the parameters or parameter combinations are still seen controversial in 3GPP TSG RAN WG1, [1] captures the current status of discussions on SCM for link level evaluations in 3GPP TSG RAN. Also [2] is a living document "in work" and could still be changed in the near future.

Both groups have selected the ITU models “Pedestrian A”,  “Pedestrian B”, “Vehicular A” and a simple single path case as the basis for their modeling assumptions. Different designators have been selected for the SCMs discussed so far in 3GPP and 3GPP2, see the first three lines in Table 1. “Case B” (3GPP) and “Model E” (3GPP2), see column I, basically represent the same modeling concept, a mixture of a specular and multiple non-specular components. The underlying PDP is taken from ITU model “Pedestrian A”, which is extended by an additional Rician component. “Case C” (3GPP) and “Model C” (3GPP2), see column II, are based on the PDP of the ITU model “Vehicular A”, whereas the basis for “Case D” (3GPP) and “Model B” (3GPP2), see column III, is the ITU model “Pedestrian B”.  “Model A” and “Model D” (both 3GPP2), see column IV, are based on the ITU model  “Pedestrian A” and could be see as special cases of “Model E” with the Rician component switched off. “Case A” (3GPP) and “Model F” (3GPP2), see column V, represent the simple case of a single path fading channel with uncorrelated channel coefficients for different pairs of antennas. These model cases do not reflect any realistic scenario and are only included for alignment of simulators and for reference with respect to already existing simulation results.

Given the similarity of the model cases defined in columns I and IV, essentially only four different model cases exist. The differences and commonalities of these model cases will be discussed in the next paragraph.

Table 1 Summary of SCM link level parameters discussed in 3GPP and 3GPP2 so far.

Column #
I
II
III
IV
V

3GPP Designator
Case B
Case C
Case D
-
Case A

3GPP2 Designator
Model E
Model C
Model B
Model A
(Model D)
Model F

PDP name
Modified
ITU Pedestrian A
ITU Vehicular A
ITU Pedestrian B
ITU Pedestrian A
Single Path

# of Paths
4 + 1
6
6
4
1

Relative Path Power (dB)
Delay (ns)
0
-10.51
0
0
0
0
0
0
0
0
0



-9.7

-20.21
110
-1
310
-0.9
200
-9.7
110





-19.2

-29.71
190
-9
710
-4.9
800
-19.2
190





-22.8

-33.31
410
-10
1090
-8
1200
-22.8
410







-15
1730
-7.8
1730









-20
2510
-23.9
3700





Speed (km/h)
3, 40, 120
fD = 0 Hz Rician,
fD =1.5 Hz Rest
3, 40, 120
30
3, 40, 120
10

3 (Model A)
120 (Model D)
3, 40, 120
3

UE/Mobile Station
Topology
0.5λ-spacing

Reference 0.5λ
0.5λ-spacing

Reference 0.5λ
0.5λ-spacing

Reference 0.5λ
Reference 0.5λ
N/A


PAS
1) Ricean component (K=6dB , 10dB) for first path, remaining power has 360 degree uniform PAS.
2) Remaining power has RMS angle spread of 35 degrees with a Lapacian distribution
1) RMS angle spread of 35 degrees with a Lapacian distribution

2) 360 degree uniform PAS.

1) RMS angle spread of 35 degrees with a Lapacian distribution

2) 360 degree uniform PAS.

1) RMS angle spread of 35 degrees with a Lapacian distribution

2) 360 degree uniform PAS.
N/A


Direction of Travel (degrees)
0

Not Specified
22.5

Not Specified
-22.5

Not Specified
Not Specified
N/A


AoA (degrees)
22.5 (Ricean component) 

67.5 (all paths)
67.5 (all paths)
22.5 (odd numbered paths),
-67.5 (even numbered paths)

67.5 (all paths)
67.5 (all paths)
N/A

Node B/Base Station
Topology
Uniform Linear Array 
1) 0.5λ-spacing

2) 4λ-spacing

10λ reference correlation value
Uniform Linear Array 
1) 0.5λ-spacing

2) 4λ-spacing

10λ reference correlation value
Uniform Linear Array 
1) 0.5λ-spacing

2) 4λ-spacing

10λ reference correlation value
10λ reference correlation value
N/A


PAS
Lapacian distribution with RMS angle spread of 
?? degrees

2 or 5 degrees
Lapacian distribution with RMS angle spread of 
?? degrees

2 or 5 degrees
Lapacian distribution with RMS angle spread of 
?? degrees

2 or 5 degrees
Lapacian distribution with RMS angle spread of 2 or 5 degrees
N/A


AoD

AoA

 (degrees)
??

50( for 2( AS              20( for 5( AS
??

50( for 2( AS              20( for 5( AS
??

50( for 2( AS              20( for 5( AS
50( for 2( AS              20( for 5( AS
N/A

1.3 Commonalities and Differences

1.3.1 Remark

In this paragraph we try to compare the different SCM link level parameters suggested in 3GPP and 3GPP2 so far. Basically we are going through the parameters of Table 1 and compare the different table entries. The first three rows are related to the naming conventions and have been discussed in the previous paragraph.

1.3.2 Power Delay Profile (PDP)

The PDP name parameters listed in Table 1 indicate that in both groups, PDPs taken from the same ITU models have been used. The only modification is that, for column I, the PDP was extended by an additional Rician component. This concept is suggested in both groups. The K-factors suggested for the Rician component so far are different in the two groups, i.e. 10 dB in 3GPP2 and 6 dB in 3GPP. However, the definitions of the K factor are also a different in the two groups (power ratio of the Rician component and the first non-specular path in 3GPP; power ratio of the Rician component and all the non-specular components in 3GPP2). The different values for the relative powers of different paths in column I are consequences of the different definitions and assumed values for the K-factor. In 3GPP all path powers are defined relative to the power of the non-specular component of path 1. The power of the Rician component is suggested to be 6 dB above the power of the non-specular component of path 1. In 3GPP all path powers are defined relative to the power of the Rician component. Furthermore, column IV (exists in 3GPP2 only) is a special case of column I with the Rician component switched off.  

1.3.3 UE/Mobile Station Speed

The assumptions on the UE/Mobile Station speed are a little different in 3GPP and 3GPP2: In 3GPP, for all model cases a set of speeds (3, 40 and 120 km/h) was proposed. This is probably because so for no agreement was reached on how to reduce the number of different speeds for each model case. In 3GPP2 specific speeds have been suggested for the different model cases. This has the advantage that the variety of possible parameter combinations is much smaller.

1.3.4 Antenna Configuration at the UE/Mobile Station

In 3GPP, assumptions on the antenna configuration at the UE (UE topology) have not been fixed. A proponent is allowed to use any meaningful antenna configuration at the UE and shall disclose all details of the assumptions on antenna configurations that are needed to reproduce and compare link level simulation results. However a reference element spacing of 0.5( has been suggested for the purpose of simulator alignment and as a basis for comparing results. Also in 3GPP2, no restriction on the antenna configuration was established. For the purpose of calibration, correlation values of channel coefficients were derived for an antenna spacing of 0.5(. Note that in 3GPP2 an omnidirectional antenna pattern with a constant gain of –1 dBi is assumed for each and every antenna element. This assumption is not mentioned so far in 3GPP documents but seems to be in line with the discussion in 3GPP.

1.3.5 Power Azimuth Spectrum (PAS) at the UE/Mobile Station

Basically two different cases have been assumed in both groups. The PAS of the non-specular components is suggested to be:

1) RMS angle spread of 35 degrees with a Lapacian distribution,

2)  360 degree uniform PAS.

Only for the case that a Rician component is present (column I), 3GPP did not suggest to use the PAS under item 1) from this list.

1.3.6 Direction of Travel

3GPP has suggested a direction of travel parameter for each of the relevant model cases in order to uniquely determine the fading characteristics of the channel. This parameter was kept open in 3GPP2 so far.

1.3.7 Angle of Arrival (AoA) at the UE/Mobile Station

Some specific values have been suggested in 3GPP and 3GPP2 for the AoA of paths at the UE/Mobile station. Some of the values are the same in both groups. The main difference is that in 3GPP always the same value is used for all paths of all model cases.

1.3.8 Antenna Configuration at the Node B/Base Station

In 3GPP, assumptions on the antenna configuration at the Node B (Node B topology) have not been fixed. A proponent is allowed to use any meaningful antenna configuration at the Node B and shall disclose all details of the assumptions on antenna configurations that are needed to reproduce and compare link level simulation results. However reference element spacing of 0.5( and 4.0( have been suggested for the purpose of simulator alignment and as a basis for comparing results. Also in 3GPP2, no restriction on the antenna configuration at the Base Station was established. For the purpose of calibration, correlation values of channel coefficients were derived for an antenna spacing of 10(. Note that in 3GPP2 a realistic Base Station antenna pattern and a default antenna orientation is assumed for each and every antenna element in order to derive the reference correlation values. This assumption is not mentioned so far in 3GPP documents but seems to be in line with the discussion in 3GPP.

1.3.9 Power Azimuth Spectrum (PAS) at the Node B/Base Station

In both groups, it is suggested to use a Laplacian distribution for the PAS at the Node B/Base Station. In 3GPP2, two different values for the mean angular spread have been proposed: 2 degrees and 5 degrees. 3GPP could not agree on a suggestion for this parameter value so far.

1.3.10 Angle of Arrival or Departure (AoA or AoD) at the Node B/Base Station

As 3GPP did not come up with a suggestion of a value for the mean angular spread at the Node B, also no values for AoDs have been agreed. In 3GPP2 two different values for AoAs at the Base Station have been suggested, depending on the assumption on the mean angular spread. 

2 Proposal For A JOINT 3GPP/3GPP2 EVALUATION Methodology for Link Level Analysis

2.1 Purpose

Link level simulations alone will not be used for algorithm comparison because they reflect only one snapshot of the channel behavior. Furthermore, they do not account for system attributes such as scheduling and HARQ. For these reasons, link level simulations do not allow any conclusions about the typical behavior of the system. Only system level simulations can achieve that. Therefore we require system level simulations for the final algorithm comparison. 

Link level simulations will not be used to compare performance of different algorithms. Rather, they will be used only for calibration, which is the comparison of performance results from different implementations of a given algorithm.

2.2 Proposed Parameters

The proposed link level assumptions define a set of temporal and spatial parameters that correspond to static channel conditions (stationary channel statistics). The values are chosen to represent a range of channel scenarios. The variety of spatial channel model parameters examined for link level analysis is shown in Table 2. Four different model cases termed “Case I” through “Case IV” are suggested. These model cases are extensions of the temporal-only models in [3]. “Case IV” is used as a reference model and it does not represent any realistic scenario. It is provided for algorithm and simulation calibrations. The following sections describe each item in detail. 

2.3 Temporal Channel Models Description (PDP and Doppler Spectra)

The temporal channel model properties are defined by a specific PDP for each model case and one or more corresponding UE/Mobile Station speeds, as specified in Recommendation ITU-R M.1225. 

The PDPs used in Case I through Case III are labled “Modified Pedestrian A”,  “Vehicular A” and “Pedestrian B”, respectively, since they are based on the corresponding ITU channel models. Note that the PDP for Case I is based on “ITU Pedestrian A”, which is extended by a Rician component that may be switched on or off. The average power assigned to each of the paths is shown in Table 2 as a value relative to that of the strongest path (in all three ITU equivalent models the strongest path happens to be the first one). The paths fade independently of each other. 

Depending on the presence of the Rician component, the relative powers in the PDP for Case I change according to the values indicated by options 1) and 2) in Table 2. If the Rician component in Case I is switched on, this model case represents a superposition of an ITU Pedestrian A model component 
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. The strongest Pedestrian A component is assigned a zero relative delay with respect to the Rician component. The powers assigned to the five, in total, paths are given relative to the power of the strongest (Rician) component. Their values are derived from the Pedestrian A profile and are scaled down appropriately due to the Rician factor K = 6 dB as seen in Table 2.

Table 2. Summary of Suggested SCM Link Level Parameters.

Model
Case I
Case II
Case III
Case IV

Corresponding 3GPP Designator
Case B
Case C
Case D
Case A

Corresponding
3GPP2 Designator
Model A, D, E
Model C
Model B
Model F

PDP
Modified Pedestrian A
Vehicular A
Pedestrian B
Single Path

# of Paths
1)  4+1 (Rician on, K = 6dB)

2)  4 (Rician off)
6
6
1

Relative Path Power (dB)
Delay (ns)
1) 
0,0

2)     -Inf

0
0,0

0
0,0

0
0
0



1) 
-6,51

2) 
0,0

0
-1,0

310
-0,9

200





1) 
-16,21

2) 
-9,7

110
-9,0

710
-4,9

800





1) 
-25,71

2) 
–19,2

190
-10,0

1090
-8,0

1200





1) 
-29,31

2) 
-22,8

410
-15,0

1730
-7,8

1730







-20,0

2510
-23,9

3700



Speed (km/h)
1) 3

2) 30, 120
3, 30, 120
3, 30, 120
3

UE/Mobile Station
Topology
Reference 0.5λ
Reference 0.5λ
Reference 0.5λ
N/A


PAS
1) Ricean on: Fixed AoA for Rician component, remaining power has 360 degree uniform PAS.
2) Rician off: PAS with a Lapacian distribution, RMS angle spread of 35 degrees per path
RMS angle spread of 35 degrees per path with a Lapacian distribution

Or 360 degree uniform PAS.
RMS angle spread of 35 degrees per path with a Lapacian distribution
N/A


DoT (degrees)
0
22,5
-22,5
N/A


AoA (degrees)
22,5 (Ricean component) 

67,5 (all other paths)
67,5 (all paths)
22,5 (odd numbered paths),
-67,5 (even numbered paths)
N/A

Node B/ Base Station
Topology
Reference: ULA with

0.5λ-spacing    or    4λ-spacing    or    10λ-spacing
N/A


PAS
Lapacian distribution with RMS angle spread of

2 degrees    or    5 degrees,

per path depending on AoA/AoD
N/A


AoD/AoA

 (degrees)
50( for 2( RMS angle spread per path

20( for 5( RMS angle spread per path
N/A

The proposed values for the UE/Mobile Station speed are 3, 30, and 120 km/h. Speeds of 3 and 120 km/h were included in the suggestions of both groups (3GPP and 3GPP2) so far. In addition 3GPP has suggested using 40 km/h whereas 3GPP2 suggests 30 km/h. Since also 3GPP TSG RAN WG4 is currently using a speed of 30 km/h in their performance evaluation work on HSDPA, we propose to use also 30 km/h in the SCM link level parameters. According to our proposal, Case I uses 3 km/h if the Rician component is switched on and 30 or 120 km/h when the Rician component is switched off. Cases II and III use all possible values (3, 30, 120 km/h). This needs to be discussed. Maybe a further reduction of possible speeds would be appropriate. Case IV uses only 3 km/h as this is only a reference and alignment model.

With the assumptions on 

· the PAS at the UE/Mobile Station, 

· the DoT of the UE/Mobile Station, and 

· the speed of the UE/Mobile Station,

the corresponding Doppler spectra can be derived. 

2.4 Spatial Parameters per Path

Each resolvable path is characterized by its own spatial channel parameters (angle spread, angle of arrival, power azimuth spectrum). All paths are assumed independent. These assumptions apply to both the Node B/Base Station and the UE/Mobile Station specific spatial parameters.  The above assumptions are in effect only for the Link Level Evaluation.

2.5 Node B/Base Station and UE/Mobile Station Array Topologies

As reference topologies, Uniform Linear Arrays (ULAs) are used at both the Node B/Base Station and the UE/Mobile Station for link level analysis. Note that proponents are free to use any other appropriate array topology as long as the parameters needed to reproduce or compare simulation results are shared. The purpose of reference array topologies is the creation of a baseline to compare simulation results for some simplistic reference cases. At the UE/Mobile Station, the reference element spacing is 0.5(. At the Node B/Base Station, three values for reference element spacing are defined: 0.5(, 4(, and 10(.  

2.6 Spatial Parameters for the Node B/Base Station

2.6.1 Node B/Base Station Antenna Pattern

The antenna pattern used for each Node B/Base Station antenna element (Up/Reverse and Down/Forward Link), is plotted in Figure 1 and is specified by
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the maximum attenuation with respect to the maximum gain. The boresight is defined to be the direction to which the antenna shows the maximum gain. The antenna pattern shown is targeted for diversity-oriented implementations (i.e. large inter-element spacing). For beamforming applications that require small inter-element spacing, alternative antenna designs may have to be considered leading to a different antenna pattern.  
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Figure 1. Antenna Pattern for Node B/Base Station Antenna Elements. 

2.6.2 Per Path Node B/Base Station Angle Spread (AS)

The base station per path angle spread is defined as the root mean square (rms) of angles with which an arriving path’s power is received by the base station array. In general, an equivalent AS can be defined for departing paths. The individual path powers are defined in the temporal channel model, Table 2. Two values of Node B/Base Station angle spread (each associated with a corresponding mean angle of arrival, AoA) are considered: 

-
AS: 2 degrees at AoA 50 degrees

· AS: 5 degrees at AoA 20 degrees

It should be noted that attention should be paid when comparing the link level performance between the two angle spread values since the BS antenna gain for the two corresponding AoAs will be different.  

2.6.3 Per Path Node B/Base Station Angle of Arrival

The Angle of Arrival (AoA) or Angle of Departure (AoD) is defined to be the mean angle with which an arriving or departing path’s power is received or transmitted by the Node B/Base Station array with respect to the broadside. The two values considered are: 

· AoA: 50 degrees (associated with the RMS Angle Spread of 2 degrees) 

· AoA: 20 degrees (associated with the RMS Angle Spread of 5 degrees) 

2.6.4 Per Path Node B/Base Station Power Azimuth Spectrum

The Power Azimuth Spectrum (PAS) of a path arriving at the base station is assumed to have a Laplacian distribution. For an incoming AOA 
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 and RMS angle-spread (, the Node B/Base Station per path PAS value at an angle ( is given by expression (2) below: 
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where both angles 
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and ( are given with respect to the boresight of the antenna elements. It is assumed that all antenna elements’ orientations are aligned. Also, P is the average received power and G is the numeric base station antenna gain described in 2.6.1 by 
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Finally, No is the normalization constant:



[image: image13.wmf]ò

-

-

=

p

p

q

q

s

q

d

P

N

o

)

,

,

(

1


 LISTNUM "EQS" 
2.7 Spatial Parameters for the UE/Mobile Station

2.7.1 UE/Mobile Station Antenna Pattern

For each and every antenna element at the UE/Mobile Station, the antenna pattern will be assumed omnidirectional with an antenna gain of -1 dBi.

2.7.2 Per Path UE/Mobile Station Angle Spread (AS)

The UE/Mobile Station per path AS is defined as the root mean square (RMS) of angles of an incident path’s power at the UE/Mobile Station array. Two values of the path’s angle spread are considered: 

-
AS: 104 degrees (results from a uniform over 360 degree PAS),

· AS: 35 degrees for a Laplacian PAS with a certain path specific Angle of Arrival (AoA).

2.7.3 Per Path UE/Mobile Station  Angle of Arrival

The per path Angle of Arrival (AOA) is defined as the mean of angles of an incident path’s power at the UE/Mobile Station array with respect to the broadside as shown Figure 2.  
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Figure 2. Angle of Arrival orientation at the UE/Mobile Station.

Three different per path AoA values at the UE/Mobile Station are suggested for the cases of a non-uniform PAS, see Table 2 for details: 

· AoA: -67.5 degrees (associated with an RMS Angle Spread of 35 degrees)

· AoA: +67.5 degrees (associated with an RMS Angle Spread of 35 degrees)

· AoA: +22.5 degrees (associated with an RMS Angle Spread of 35 degrees or with an Rician component)

2.7.4 Per Path UE/Mobile Station Power Azimuth Spectrum

The Laplacian distribution and the Uniform distribution are used to model the per path Power Azimuth Spectrum (PAS) at the MS.

The Power Azimuth Spectrum (PAS) of a path arriving at the UE/Mobile Station is modeled as either a Laplacian distribution or a uniform over 360 degree distribution. Since an omnidirectional  UE/Mobile Station antenna gain is assumed, the recived per path PAS will remain either Laplacian or uniform. For an incoming AOA 
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 and RMS angle-spread (, the UE/Mobile Station per path Laplacian PAS value at an angle ( is given by expression (5) below: 
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where both angles 
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and ( are given with respect to the boresight of the antenna elements. It is assumed that all antenna elements’ orientations are aligned. Also, P is the average received power and No is the normalization constant:
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2.7.5 UE/Mobile Station Direction of Travel

The mobile station direction of travel is defined with respect to the broadside of the mobile antenna array as shown in Figure 2.

2.7.6 Per Path Doppler Spectrum

The per path Doppler Spectrum is defined as a function of the direction of travel and the per path PAS and AoA at the UE/Mobile Station.

2.8 Generation of Channel Model

The proponent can determine the model implementation. Examples of implementations include correlation or ray-based techniques. Further details on examples of the model implementation could be captured in an informative document in the future.

2.9 Calibration and Reference Values

For the purpose of link level simulations, reference values of the average correlation are given below in Table 3. The reference values are provided for the calibration of the simulation software and to assist in the resolution of possible errors in the simulation methods implemented. Specifically, the average complex correlation and magnitude of the complex correlation is reported between Node B/Base Station antennas and between UE/Mobile Station antennas. The spatial parameter values used are those defined already throughout Section 2.

Table 3. Reference Correlation Values.


Antenna Spacing
AS (degrees)
AOA (degrees)
Correlation (magnitude)
Complex Correlation
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0.5
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5
20
0.9688
0.4743+0.8448i


0.5
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2
50
0.9975
-0.7367+0.6725i


4
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20
0.3224
-0.2144+0.2408i


4
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