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1 Introduction

This document details the current discussion of the combined 3GPP-3GPP2 Spatial Channel Ad-hoc group.  A similar document
, developed independently in the 3GPP2 Spatial Channel Modeling Ad-hoc group, was used for reference.

1.1 Terminology (usage in 3GPP & 3GPP2)

In this document the following are terms that are commonly used interchangeably and are equivalent.  To promote consistency, the term on the left will be preferred in this document unless otherwise stated.

MS = Mobile Station = UE = User Equipment = Terminal = Subscriber Unit

BS = Base Station = Node-B = BTS

AS = Angle Spread = Azimuth Spread = PAS

Path = Ray

Path Component = Sub-ray

PAS = Power Azimuth Spectrum

DoT = Direction of Travel

AoA = Angle of Arrival

PDP = Power Delay Profile

1.2 Scope

[Editor’s Note: The scope is pending final agreement by the group)

The scope of the 3GPP-3GPP2 SCM AHG is to develop and specify parameters and methods associated with the spatial channel modeling that are common to the needs of the 3GPP and 3GPP2 organizations (harmonization).  The scope includes development of specifications for:

1.2.1 System level evaluation. 

Within this category, a list of four focus areas are identified, however the emphasis of the SCM AHG work is on items a & b.  

a. Physical parameters (e.g. power delay profiles, angle spreads, dependencies between parameters)

b. System evaluation methodology.

c. Antenna arrangements, reference cases and definition of minimum requirements. 

d. Some framework (air interface) dependent parameters.

1.2.2 Link level evaluation. 

The link level models are defined only for calibration purposes. It is a common view within the group that the link level simulation assumptions will not be used for evaluation and comparison of proposals.

2 Link Level Channel Models for Calibration Purposes

(Editor’s Note: A harmonized link level model is being proposed, and further discussion is expected prior to agreement.  This includes all aspects of the link level model described in Section 2.)

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 Link Level Channel Model Parameter Summary

(Editor’s Note: The following table is under discussion as a harmonized set of link level parameters and values.)

Table 2.2‑1. Summary of Suggested SCM Link Level Parameters for Calibration Purposes

	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 (LOS on, K = 6dB)

2)  4 (LOS 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) LOS on: Fixed AoA for LOS component, remaining power has 360 degree uniform PAS.
2) LOS 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 (LOS 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


*Designators correspond to channel models previously proposed in 3GPP and 3GPP2 ad-hoc groups.

2.3 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 BS and the MS specific spatial parameters.  The above assumptions are in effect only for the Link Level channel model.

2.4 BS and MS Array Topologies

The spatial channel model should allow any type of antenna configuration to be selected, although details of a given configuration must be shared to allow others to reproduce the model and verify the results.  

Calibrating simulators at the link level requires a common set of assumptions including a specific set of antenna topologies to define a baseline case.  At the MS, the reference element spacing is 0.5(. At the BS, three values for reference element spacing are defined: 0.5(, 4(, and 10(.   

Polarized arrays are TBD.

2.5 Spatial Parameters for the BS

2.5.1 BS Antenna Pattern

The antenna pattern used for each sector, Reverse Link and Forward Link, is plotted in Figure 2.5‑1 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 3dB beamwidth in degrees, and 
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 is the maximum attenuation.  For a 3 sector scenario 
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 is 70o.  For a 6 sector scenario 
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 is 35o.  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 spacings). For beamforming applications that require small spacings, alternative antenna designs may have to be considered leading to a different antenna pattern.  
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Figure 2.5‑1  Antenna Pattern for 3-Sector Cells

2.5.2 Per Path BS 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. The individual path powers are defined in the temporal channel model described in Table 2.2‑1. Two values of BS 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.  The BS antenna gain is applied to the path powers specified in Table 2.2‑1.

2.5.3 Per Path BS 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 BS array with respect to the boresite. 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) 

2.5.4 Per Path BS 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 BS per path PAS value at an angle ( is given by expression (1) 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 Section 2.5.1 by 
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Finally, No is the normalization constant:
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In the above equation, ( represents path components (sub-rays) of the path power arriving at an incoming AoA 
[image: image13.wmf]q

.  The distribution of these path components is TBD.
2.6 Spatial Parameters for the MS

2.6.1 MS Antenna Pattern

For each and every antenna element at the MS, the antenna pattern will be assumed omni directional with an antenna gain of -1 dBi.

2.6.2 Per Path MS Angle Spread (AS)

The MS per path AS is defined as the root mean square (RMS) of angles of an incident path’s power at the MS 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).

2.6.3 Per Path MS  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 2.6‑1.  
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Figure 2.6‑1. Angle of Arrival orientation at the MS.

Three different per path AoA values at the MS are suggested for the cases of a non-uniform PAS, see Table 2.2‑1 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 LOS component)

2.6.4 Per Path MS 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 MS is modeled as either a Laplacian distribution or a uniform over 360 degree distribution. Since an omni directional  MS antenna gain is assumed, the received per path PAS will remain either Laplacian or uniform. For an incoming AOA 
[image: image15.wmf]q

 and RMS angle-spread (, the MS per path Laplacian PAS value at an angle ( is given by expression (4) 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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In the above equation, ( represents path components (sub-rays) of the path power arriving at an incoming AoA 
[image: image19.wmf]q

.  The distribution of these path components is TBD.
2.6.5 MS 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 2.6‑1.

2.6.6 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 MS.  This should correspond to the per path fading behavior for either the correlation-based or ray-based method.

2.7 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 are TBD.

2.8 Calibration and Reference Values

For the purpose of link level simulations, reference values of the average correlation are given below in Table 2.8‑1. 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 BS antennas and between MS antennas.  The spatial parameter values used are those defined already throughout Section 2.

Table 2.8‑1. Reference Correlation Values.

	
	Antenna Spacing
	AS (degrees)
	AOA (degrees)
	Correlation (magnitude)
	Complex Correlation

	BS
	0.5
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	5
	20
	TBD
	TBD

	
	0.5
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	2
	50
	TBD
	TDB

	
	4
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	5
	20
	TBD
	TBD

	
	4
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	2
	50
	TBD
	TDB

	
	10
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	5
	20
	0.0704
	-0.0617+i0.034

	
	10
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	2
	50
	0.5018
	-0.2762-i0.4190

	MS
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/2
	104
	0
	0.3042
	-0.3042
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/2
	35
	-67.5
	0.7744
	-0.6948-i0.342
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[image: image29.wmf]l

/2
	35
	67.5
	0.7744
	-0.6948+i0.342


3 System Level Spatial Channel Model

A Spatial Channel Model for use at the system level is described below.  Parameter values and their ranges will be specified to enable the generation of a Spatio-Temporal channel for use in evaluating multiple antenna schemes.

3.1 Scenarios

To limit the number of cases for consideration, the following represent a definition of the unique environments for simulation.

a. Suburban Macro (approximately 3Km distance BS to BS)

b. Urban Macro (approximately 3Km distance BS to BS)

c. Urban Micro (less than 1Km distance BS to BS)

d. Suburban Macro Outdoor-Indoor. This is to model the special case of outdoor to indoor propagation. 

The macro cell definition applies when the base station antennas are above rooftop height. The micro cell definition applies otherwise.

3.2 Temporal Channel Models Description

3.2.1 Power Delay Profiles

Power Delay Profiles (PDPs) modeling is TBD.

Possible techniques include:

a. Deterministic PDPs, as defined in ITU (as used in SCM-010).

b. Ray based statistical PDPs (as used in SCM-011). 

c. Continuous statistical PDP (as used in SCM-006 and SCM-007).

Associated issues with the PDP model that are in discussion are:

a. Statistical model for the delay spread

b. The dependency of the PDP profile on the BS-MS distance. 

c. Dependency of the composite signal angle spread on the PDP. 

All the issues regarding PDP modeling remain open.  

The number of paths (i.e. distinct paths in the PDP) will be limited to 6.

3.2.2 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 MS.  This should correspond to the per path fading behavior for either the correlation-based or ray-based method.

3.3 System Wide Definitions and Parameters

3.3.1 Description

In order to define the spatial parameters associated with each user drop in a system simulation, Figure 3.3‑1 is shown below to illustrate the definitions that will be used in the descriptions of spatial parameters.  The figure shows one drop for a specific user within a multi-cell system (three cells shown), each user is assigned a two dimensional location relative to each of the base stations, with a resulting angle of arrival, (, with respect to the boresite of the desired base station array. In this figure, the angle of arrivals with two interfering base stations are shown, (I1,(I2.  Each MS is assigned an orientation and a velocity with respect to the BS of interest.  (Although a velocity is specified, the MS location is assumed to be fixed during the user drop.]  Direction of travel is measured with respect to the MS orientation.
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Figure 3.3‑1  Definitions of BS and MS AoAs

For system level simulation purposes, the time evolution of the channel conditions will not be modeled. Time evolution is defined to be the time-variation in a terminal’s spatial and temporal statistics as a result of the terminal’s (or the other interfering sources’) location movement during a drop in the system level simulation. Although a variety of doppler speeds (represented by the temporal description of the channel models) will be modeled at the system level, no such effect through the explicit movement of the terminal will be considered. 

3.4 BS and MS Array Topologies

The spatial channel model should allow any type of antenna configuration to be selected, although details of a given configuration must be shared to allow others to reproduce the model and verify the results.  

It is intended that the spatial channel  model be capable of operating on any given antenna array configuration.

3.4.1 Polarized arrays

Practical antennas on handheld devices require spacings much less than l/2.     

Polarized antennas are TBD.

3.4.2 Reference Antenna Configurations

In order to compare algorithms, reference antenna configurations based on uniform linear array configurations with 0.5, 4, and 10 wavelength inter-element spacing will be used.  
3.5 Spatial Parameters for the BS

3.5.1 BS Antenna Pattern

The antenna pattern for 3-sector cells will be the same as the one used in the link level simulations as defined in Section 2.5.1 
3.5.2 Composite BS Angle Spread

Dependencies, e.g. on Delay Spread, Distance, or Path Loss, TBD.  

 The mean values of the composite BS angle spreads are
a. Suburban macro: 6 degrees.

b. Urban macro: 12 degrees.

c. Urban micro: 12 degrees

d. Suburban macro outdoor-indoor: 6 degrees.
3.5.3 Per-Path BS Angle of  Departure

The AoD for each path will have a Gaussian distribution with a mean given by the LOS direction.


3.5.4 Composite BS Power Azimuth Spectrum


The composite PAS will be dependent on the per path PAS. If a LOS component is defined by the assigned channel model the appropriate PAS will be used, details TBD.

3.5.5 BS per path Angle Spread

TBD

3.5.6 BS per path Power Azimuth Spectrum

The per path PAS will each have a Laplacian distribution with mean given by the AoD of the corresponding path.
3.6 Spatial Parameters for the MS

3.6.1 MS Antenna Pattern

For each antenna element at the Mobile Station (MS), the antenna pattern will be assumed omni-directional with Antenna Gain of -1 dBi.

3.6.2 MS Orientation

The orientation of the MS antenna array (when applicable) is defined as the angle between the broadside of the MS array and the broadside of the base station. The MS orientation will be fixed for each drop and assume a random value drawn from a uniform 360 degree distribution. When either the BS or MS have a single antenna, then the reference with respect to the broadside is replaced with the reference with respect to the boresight of the antenna. 

3.6.3 Composite MS Angle Spread

The mean value of the composite MS angle spread  is tentatively 71 degrees .



Street Canyon scenario, details TBD.
3.6.4 Per-Path MS Angle of Arrival 

The AoA for each path will have a Gaussian distribution with a mean given by the LOS direction.  Further specifications are TBD.

3.6.5 MS Composite Power Azimuth Spectrum

The composite PAS will be dependent on the per path PAS. 
3.6.6 MS per path angle spread



 The MS per path angle spread will be identical and independently distributed lognormal random variables with mean 35 degrees. 
3.6.7 


3.6.8 MS per path Power Azimuth Spectrum

The per path PAS will each have a Laplacian distribution with mean given by the AoA of the corresponding path.

3.7 Generation of Channel Model

TDB

4 Reference
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