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Abstract

This document provides the addendum to the TGn channel model document to be used for the Very High Throughput Task Group (TGac).
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1 Introduction

The TGn task group has developed a comprehensive MIMO broadband channel model, with support for 40 MHz channelization and 4 antennas [1]. The TGac task group is targeting >1 Gbps MAC SAP throughput using one or more of the following technologies:

· Higher order MIMO (> 4x4)
· Higher Bandwidth (> 40 MHz)
· Multi-User MIMO with > 4 AP antennas

· OFDMA

This document describes modifications to TGn channel models to enable their use for TGac. The reader is referred to [3] for supporting data and justification.

The scope of this document is limited to extensions of the existing TGn channel model definitions (i.e., Models A-F). 
2 Modifications for Larger System Bandwidth

The TGn channel models assume minimum tap spacing of 10 ns and were employed for system bandwidth of up to 40 MHz. TGac systems may have much larger bandwidth. For TGac systems with larger overall system bandwidth, the channel sampling rate shall be increased by reducing the power delay profile (PDP) tap spacing by a factor of 
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, where W is the new system bandwidth in MHz. These scaling factors are summarized in Table 1, for up to 1.28 GHz system bandwidth

Table 1: Channel sampling rate expansion (tap spacing reduction) factors

	System Bandwidth W
	Channel Sampling Rate Expansion Factor
	PDP Tap Spacing

	W ≤ 40 MHz
	1
	10 ns

	40 MHz < W ≤ 80 MHz
	2
	5 ns

	80 MHz < W ≤ 160 MHz
	4
	2.5 ns

	160 MHz < W ≤  320 MHz
	8
	1.25 ns

	320 MHz < W ≤ 640 MHz
	16
	0.625ns

	640 MHz < W ≤ 1.28 GHz
	32
	0.3125 ns


The PDP tap spacing shall be reduced by generating new PDP taps based on linear interpolation of the TGn-defined PDP tap powers on a cluster-by-cluster basis using the following approach: 

For each cluster in the TGn-defined model, and assuming a channel sampling rate expansion factor k (new sampling rate = k*100MHz), a sequence of k-1 new PDP taps, spaced 10/k ns apart, shall be appended after each TGn-defined PDP tap. The first PDP tap in the sequence shall occur 10/k ns after the TGn-defined PDP tap. The power (in dB) assigned to each new tap shall be determined by linear interpolation of the TGn-defined PDP tap powers (in dB) immediately before and after the new PDP tap, in proportion to its position in time relative to the two TGn PDP taps. No new PDP taps shall be added after the final TGn PDP tap for each cluster.

Figure 1 illustrates this procedure for the example of k=4 (new channel sampling rate = 400MHz), for a hypothetical pair of TGn-defined PDP taps spaced 20ns apart. The TGn PDP taps are denoted by the thick grey arrows, and the new interpolated PDP taps are denoted by the thin black arrows. In this case, 3 new taps are added 2.5ns, 5.0ns, and 7.5ns after TGn Tap i. Power for each of the new PDP taps is derived from the line connecting the power of the TGn PDP Taps i and i+1, which accomplishes the dB-proportional power interpolation described above. This procedure is performed for all TGn PDP Taps i for i=1 to (n_taps-1), where n_taps is the number of PDP taps in the cluster being interpolated.
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Figure 1: Illustration of PDP tap interpolation scheme for channel bandwidth expansion

Tap interpolation must be performed on the TGn cluster definitions themselves in order to allow for appropriate normalization of the NLOS PDP and ensure conservation of energy in the final modeled channel. This process is validated in [3], which shows that Ricean K is preserved after interpolation.

Note that since the interpolated PDP taps result in independent channel tap realizations, the newly generated TGac channel, post-interpolation, is a fundamentally different channel compared to TGn base channels. Such a TGac channel will have larger frequency diversity compared to TGn base channel. Hence, for development work going forward, it is recommended to state explicitly whether simulations are based on TGn or TGac versions of the channel models. 

3 Higher Order MIMO 

The TGn channel models were originally conceived for systems with 4x4 MIMO, and are based on the Kronecker channel correlation model assumption [2]. 

The TGac channel models shall use the identical Kronecker correlation model for simulation of higher-order MIMO channels. See [3] for supporting measurements.
4 Modifications to AoA and AoD for Multi-User MIMO

TGac requires specification of channels to multiple users as simultaneous communication will take place to multiple STAs in technologies like multi-user MIMO. The TGn channel model document specifies the cluster AoAs and AoDs for point-to-point single user transmissions. Extensions of these AoDs and AoAs to the multi-user case are needed.

Multi-user channels shall be modeled with the following modifications to the AoA and AoD for each client:
· Assume TGn-defined cluster AoDs and AoAs as baseline.
· For each client:
· Apply single random offset uniformly distributed over ±180° to the LOS tap AoA
· Apply single random offset uniformly distributed over ±180° to the LOS tap AoD

· Apply single random offset uniformly distributed over ±180° to the NLOS cluster AoAs
· Apply single random offset uniformly distributed over ±180° to the NLOS cluster AoDs
See [3], [7], and [8] for supporting data

Note: The random offsets specified above shall be generated using the method described in Appendix A.
5 Modifications to Doppler Components

Recent indoor channel measurements [4, 9, 10, 11, 12, 13] indicate that the magnitude of Doppler assumed in the TGn channel model is too high for stationary users. TGac shall use the Doppler model specified in Section 4.7.1 of the TGn channel model document, but at a magnitude consistent with a channel coherence time of 800ms or an RMS Doppler spread of 0.414Hz at a carrier frequency of 5GHz. This level of ambient Doppler corresponds to an equivalent environmental speed vo=0.089 km/h. 
For the case of mobile users, a Doppler model of TBD speed magnitude and TBD spectral shape will be included.
6 Incorporating Dual-Polarized Antennas

By exploiting polarization diversity in the channel, dual-polarized antennas may provide significant improvement in MIMO channel capacity, especially in LOS scenarios. Furthermore, co-located dual-polarized antennas can minimize real estate in devices with large number of antennas, making them likely to be employed in TGac devices. 

The TGac channel model may (TBD) use the TGn-defined polarization model with the following parameters:

· XPD value of 10 dB for channel elements representing transmission between orthogonally-polarized antennas in the steering matrix HF  
· XPD value of 3 dB for for channel elements representing transmission between orthogonally-polarized antennas in the variable matrix Hv 
· Correlation of 0 for orthogonally-polarized antenna elements
The channels incorporating XPD shall be normalized only to the norm of the co-polarized elements of the channel matrix. This is because normalization to the Frobenius norm of the entire channel matrix will fail to account for the additional path loss due to transmitting and receiving on orthogonal polarizations.
Appendix A – Generation of Pseudorandom Per-User AoA and AoD Offsets for MU-MIMO Channel Model
Section 4 describes extensions to the TGn channel model to support multi-user (MU) MIMO scenarios, where multiple spatially-separated clients are served by a single AP. For each client, pseudorandom offsets shall be added to TGn-defined cluster AoAs and AoDs to simulate diversity of user position and orientation with respect to the AP. For each user, a different pseudorandom angle offset shall be applied to the LOS (steering matrix) AoD, NLOS cluster AoD, LOS AoA, and NLOS AoA. This appendix specifies the method to generate pseudorandom angle offsets to allow consistent implementation across development groups performing MU-MIMO channel simulation.

For each TGn angle parameter (e.g. LOS AoA), per-user angle offsets shall take the form of:
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where Δφi is the angle offset in degrees for User i, xi is a pseudorandom floating point value for User i, uniformly distributed on [0,1], and range is the total range of uniformly distributed random angle offsets specified in Section 4 for the TGn angle parameter being modeled (e.g. 360° for LOS AoA). 
The pseudorandom values shall be produced using a simple multiplicative congruential random number generator [5]. Although this method is unsuitable for large-scale Monte Carlo simulations, it is adequate for producing the limited number of pseudorandom values required for this application and has the following advantages over more sophisticated generators:

· This is the default method for the rand() function in MATLAB Version 4 and is still supported by that tool for legacy compatibility.

· This method is well established and easily coded by users wishing to implement the TGac channel model without relying on MATLAB.

For each angle parameter, a different seed value shall be used to initialize the random number generator. A sequence of values is generated for each seed, one value per MU-MIMO client. For LOS AoA and AoD, the offset is applied to the steering matrix. For NLOS AoA and AoD, the offset is applied to all cluster angles.

A.1 – MATLAB Implementation

The following seed values (selected randomly from a list of primes between 2 and 50000) shall be used to generate angle offsets by the MATLAB multiplicative congruential generator:

	Angle parameter (Downlink)
	Angle parameter (Uplink)
	MATLAB seed value

	LOS AoD (steering matrix)
	LOS AoA (steering matrix)
	39161

	NLOS AoD (cluster angles)
	NLOS AoA (cluster angles)
	2803

	LOS AoA (steering matrix)
	LOS AoD (steering matrix)
	45191

	NLOS AoA (cluster angles)
	NLOS AoD (cluster angles)
	13367


The following example MATLAB code generates a column vector of user offsets for downlink LOS AoD:
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For reference, this example code generates the following angle offsets:

	User
	LOS AoD Offset (degrees)

	1
	-78.0189

	2
	-142.9707

	3
	91.0158

	4
	62.9668

	5
	-116.7050

	6
	178.2852


As of MATLAB Version 7.7.0, a new object-oriented syntax for random number generation has been adopted although the legacy method is still supported for backwards compatibility. The following example code uses the new syntax to produce the identical random sequence:


[image: image5]  
A.2 – MATLAB-Independent Implementation

The general expression for a linear congruential random number generator is:
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where a, c, and m are constants, and I0, I1, I2,… is a sequence of pseudorandom integers between 0 and (m-1). The MATLAB implementation uses 32-bit integers and assumes a = (75), c = 0, and m = (231-1) [6]. A uniform deviate between 0 and 1 is produced by dividing the sequence I by the modulus m. The method by which MATLAB seeds the generator from user-supplied seed values is undocumented, but the following seed values (used as I0) will produce angle offset sequences equivalent to the MATLAB implementation described above:

	Angle parameter (Downlink)
	Angle parameter (Uplink)
	Seed value (I0)

	LOS AoD (steering matrix)
	LOS AoA (steering matrix)
	608341199

	NLOS AoD (cluster angles)
	NLOS AoA (cluster angles)
	1468335517

	LOS AoA (steering matrix)
	LOS AoD (steering matrix)
	266639588

	NLOS AoA (cluster angles)
	NLOS AoD (cluster angles)
	115415752


The following example C code will produce a sequence of angle offsets equivalent to the MATLAB examples above:
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Appendix B – Revisions to “IEEE_802_11_Cases.m” for TGac Channel Model
B.1 – Introduction

This appendix summarizes changes to the existing TGn channel model [1] to support wider system bandwidths, multi-user MIMO (MU-MIMO) scenarios. All of these model extensions can be implemented by revisions to the existing TGn channel model Matlab code, currently distributed by Laurent Schumacher and the University of Namur. [1]
The Matlab script, “IEEE_802_11_Cases.m,” contains the basic PDP (power density profile) definitions for all TGn channel models. It is typically called once at the beginning of a channel simulation, and returns channel fundamentals such as the composite PDP, antenna correlation matrices, Ricean steering matrix, Ricean K factor, and path loss. 
This appendix details changes to the “IEEE_802_11_Cases.m” script required to support two TGac channel model features:

1) PDP interpolation to produce tap spacings less than 10ns (to support wider system bandwidths)

2) Pseudorandom per-user AoA/AoD rotations to support multi-user MIMO scenarios
As these TGac features specifically alter the cluster PDP definitions, it is most appropriate to incorporate them into the “IEEE_802_11_Cases.m” script. Other features, such as changes to the Doppler model and composite MU-MIMO channel construction shall be implemented externally to this script.

B.2 – Script Overview

The bulk of the code in the “IEEE_802_11_Cases.m” script is comprised of PDP definitions for each TGn model ID (i.e. A-F). These definitions are contained in a “switch-case” construction, which populates data matrices containing the PDP, per-cluster AoA, AoD, and DL and UL AS, Ricean K factor, and LOS/NLOS distance breakpoint based on the channel model ID specified by the calling function. After the appropriate model parameters are determined, the script determines composite AoA/AoD and AS, calculates TX and RX correlation matrices, computes the Ricean steering matrix, and calculates dB path loss and shadow fading factor, and returns them to the calling function.

The TGac features described above are implemented by interpolation of the TGn-defined PDP taps and rotation of the TGn-defined cluster AoAs and AoDs. Consequently, the majority of the new code occurs immediately after the “switch-case” construction. Once the model parameters have been altered in accordance with the TGac model, the original TGn model code continues as before.

Note that all code changes described here refer to the version of “IEEE_802_11_Cases.m” dated December 11, 2003, and contained in the January 22, 2004 distribution of the TGn channel model code from University of Namur.

B.3 – Detail of Code Changes

B.3.1 – Changes to Script Name and Function Definition

B.3.1.1 – Script Name Change

To avoid confusion with the original TGn script, the revised script shall be renamed, “IEEE_802_11ac_Cases.m.”

B.3.1.2 – New Function Definition

The function definition at the beginning of the script shall be replaced with the following:

function [PDP_linear, RTx, RRx, Fading_Type, RiceMatrix, K_factor_dB, ...
    PathLoss_dB, ShadowFading_dB, DirectionOfMovement_rad, ...
    AngleAtMobile_rad, ASAtMobile_rad] = ...
    IEEE_802_11ac_Cases(Connection, ID, CorrelationCoefficientType, ...
    CarrierFrequency_Hz, NumberOfTxAntennas, SpacingTx, ...
    NumberOfRxAntennas, SpacingRx, distance_Tx_Rx_m, ...
    tap_spacing_ns, client_id)
This new function definition reflects the name change of the script as described above. Furthermore, it defines two new function parameters:

1) ‘tap_spacing_ns’ – Specifies the PDP tap spacing (in ns) to be used in the modeled channel to support system bandwidths >40 MHz as described in Section 2 of this document. Per Section 2, this value must be equal to 10 divided by a power of 2. If this parameter is set to 10, no tap interpolation shall occur, and the function will produce tap times equivalent to the TGn definition.

2) ‘client_id’ – Integer index to specify a particular client in a multi-user MIMO scenario. If this parameter is set to 0, no cluster AoA or AoD rotation shall occur, and the TGn-defined values shall be used.
B.3.2 – Cluster Angle Rotation Code for MU-MIMO

The following code shall be inserted immediately after the end of the “switch-case” construction containing the cluster definitions, and before the calculation of the variable “PDP_linear” (Line 366 in the original script). This code implements the pseudorandom cluster AoA and AoD rotation for multi-user MIMO scenarios described in Section 4 and Appendix A.

%% MU-MIMO CLUSTER ROTATION (TGac)
if client_id > 0
    % MU-MIMO MODEL PARAMETERS
    range_AP_LOS = 360;      % specified range of LOS diversity at AP(+/-180deg)
    range_AP_NLOS = 360;     % specified range of NLOS diversity at AP (+/-180deg)
    range_STA_LOS = 360;     % specified range of LOS diversity at STA (+/-180deg)
    range_STA_NLOS = 360;    % specified range of NLOS diversity at STA (+/-180deg)
    seed_AP_LOS = 39161;     % seed value for LOS DL AoD or UL AoA offsets
    seed_AP_NLOS = 2803;     % seed value for NLOS DL AoD or UL AoA offsets
    seed_STA_LOS = 45191;    % seed value for LOS DL AoA or UL AoD offsets
    seed_STA_NLOS = 13367;   % seed value for NLOS DL AoA or UL AoD offsets
    % Assign model parameters based on Connection direction
    if strcmp(Connection, 'downlink')
        seed_Tx_LOS = seed_AP_LOS;
        seed_Tx_NLOS = seed_AP_NLOS;
        seed_Rx_LOS = seed_STA_LOS;
        seed_Rx_NLOS = seed_STA_NLOS;
        range_Tx_LOS = range_AP_LOS;
        range_Tx_NLOS = range_AP_NLOS;
        range_Rx_LOS = range_STA_LOS;
        range_Rx_NLOS = range_STA_NLOS;
    else
        seed_Rx_LOS = seed_AP_LOS;
        seed_Rx_NLOS = seed_AP_NLOS; 
        seed_Tx_LOS = seed_STA_LOS;
        seed_Tx_NLOS = seed_STA_NLOS;
        range_Rx_LOS = range_AP_LOS;
        range_Rx_NLOS = range_AP_NLOS;
        range_Tx_LOS = range_STA_LOS;
        range_Tx_NLOS = range_STA_NLOS;
    end
    % Generate offsets for client client_id
    % NOTE: 'seed' method specifies MATLAB multiplicative congruential generator
    % Tx LOS
    rand('seed',seed_Tx_LOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Tx_LOS_deg = (rand_seq(end)-0.5)*range_Tx_LOS; % End of the sequence corresponds to client client_id
    % Tx NLOS
    rand('seed',seed_Tx_NLOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Tx_NLOS_deg = (rand_seq(end)-0.5)*range_Tx_NLOS; % End of the sequence corresponds to client client_id
    % Rx LOS
    rand('seed',seed_Rx_LOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Rx_LOS_deg = (rand_seq(end)-0.5)*range_Rx_LOS; % End of the sequence corresponds to client client_id
    % Rx NLOS
    rand('seed',seed_Rx_NLOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Rx_NLOS_deg = (rand_seq(end)-0.5)*range_Rx_NLOS; % End of the sequence corresponds to client client_id
else % client_id = 0, use TGn angles
    offset_Tx_LOS_deg = 0;
    offset_Tx_NLOS_deg = 0;
    offset_Rx_LOS_deg = 0;
    offset_Rx_NLOS_deg = 0;
end
% Rotate LOS (steering matrix) angles
% For all models, LOS (steering matrix) angle is always first element of
% first cluster -- not necessary to use composite to compute Rice matrix
angle_Tx_LOS_deg = mod(AoD_Tx_deg(1,1) + offset_Tx_LOS_deg,360);
angle_Rx_LOS_deg = mod(AoA_Rx_deg(1,1) + offset_Rx_LOS_deg,360);
% Convert to radians for call to init_Rice()
angle_Tx_LOS_rad = angle_Tx_LOS_deg*pi/180;
angle_Rx_LOS_rad = angle_Rx_LOS_deg*pi/180;
% Now rotate NLOS component (all taps of all clusters)
AoD_Tx_deg = mod(AoD_Tx_deg + offset_Tx_NLOS_deg,360);
AoA_Rx_deg = mod(AoA_Rx_deg + offset_Rx_NLOS_deg,360);
% Mod function creates NaNs where there were -Infs -- Restore -Infs
AoD_Tx_deg(isnan(AoD_Tx_deg)) = -Inf;
AoA_Rx_deg(isnan(AoA_Rx_deg)) = -Inf;
% End of cluster rotation
B.3.3 – Tap Interpolation Code for Higher Channel Bandwidth

The following code shall be inserted immediately after the cluster angle rotation code contained in the previous section. If a value less than 10 is used for the parameter “tap_spacing_ns”, new cluster taps shall be calculated by interpolation as described in Section 2.
%-------------------------------------------------------------
%% TAP INTERPOLATION (TGac)
bw_factor = 10/tap_spacing_ns; % bandwidth expansion factor
if mod(log2(bw_factor),1) > 1e-9 || tap_spacing_ns > 10 || tap_spacing_ns < 0
    disp('ERROR: tap_spacing_ns must be equal to 10 divided by a power of 2.');
    return;
end
if tap_spacing_ns < 10 && ~strcmp(ID,'A')
    size_TGn = size(Power_per_angle_dB);
    % Step through each cluster and identify new tap locations
    % Due to non-overlapping clusters in some models (F), not all TGn taps
    % will be followed by interpolated taps
    TGac_times = []; % Accumulate all new tap times here
    for cluster = 1:size_TGn(1)
        cluster_taps = find(Power_per_angle_dB(cluster,:) > -Inf); % where are taps defined for this cluster?
        for tap = cluster_taps(1:(end-1)) % new taps after each TGn tap except the last one
            tap_times_TGac = (0:bw_factor-1)*(tap_spacing_ns/1e9) + PDP_dB(2,tap);
            TGac_times = [TGac_times tap_times_TGac];
        end
        TGac_times = [TGac_times PDP_dB(2,cluster_taps(end))]; % include final tap time for this cluster
    end
    TGac_times = sort(unique(TGac_times)); % toss out the dupes and sort
    size_TGac = [size_TGn(1) size(TGac_times,2)];
    % Preallocate matrices containing interpolated values
    Power_per_angle_dB_TGac = -Inf*ones(size_TGac);
    PDP_dB_TGac = zeros(2,size_TGac(2)); % cumulative PDP
    AoD_Tx_deg_TGac = -Inf*ones(size_TGac);
    AS_Tx_deg_TGac = -Inf*ones(size_TGac);
    AoA_Rx_deg_TGac = -Inf*ones(size_TGac);
    AS_Rx_deg_TGac = -Inf*ones(size_TGac);
    % Generate interpolated matrices
    for cluster = 1:size_TGn(1)
        % Nudge the times of the first and last TGn taps of this cluster so
        % interpolation doesn't fail at ends
        defined_taps_TGn = find(Power_per_angle_dB(cluster,:) > -Inf);
        TGn_times = PDP_dB(2,:);
        TGn_times(defined_taps_TGn(1)) = TGn_times(defined_taps_TGn(1)) * (1-(1e-9));
        TGn_times(defined_taps_TGn(end)) = TGn_times(defined_taps_TGn(end)) * (1+(1e-9));
        Power_per_angle_dB_TGac(cluster,:) = interp1(TGn_times,Power_per_angle_dB(cluster,:),TGac_times);
        % Find valid interpolated values -- interpolating on -Infs generates NaNs
        defined_taps = ~isnan(Power_per_angle_dB_TGac(cluster,:));
        Power_per_angle_dB_TGac(cluster,~defined_taps) = -Inf; % Restore -Infs
        cluster_angle = max(AoD_Tx_deg(cluster,:)); % Extract cluster angle
        AoD_Tx_deg_TGac(cluster,defined_taps) = cluster_angle;
        cluster_angle = max(AoA_Rx_deg(cluster,:)); % Extract cluster angle
        AoA_Rx_deg_TGac(cluster,defined_taps) = cluster_angle;
        cluster_AS = max(AS_Rx_deg(cluster,:)); % Extract cluster AS
        AS_Rx_deg_TGac(cluster,defined_taps) = cluster_AS;
        cluster_AS = max(AS_Tx_deg(cluster,:)); % Extract cluster AS
        AS_Tx_deg_TGac(cluster,defined_taps) = cluster_AS;
    end
    % Update Type_Rx, Type_Tx, and K_factor vectors
    Type_Rx    = Type_Rx(1)*ones(1, size_TGac(2));
    Type_Tx    = Type_Tx(1)*ones(1, size_TGac(2));
    K_factor_dB_TGac = (-100).*ones(1,size_TGac(2));
    K_factor_dB_TGac(1) = K_factor_dB(1); % Model K factor is first element
    % Generate composite PDP (sum tap power across clusters)
    Power_per_angle_TGac_linear = 10.^(Power_per_angle_dB_TGac/10);
    PDP_dB_TGac(1,:) = 10*log10(sum(Power_per_angle_TGac_linear));
    PDP_dB_TGac(2,:) = TGac_times;
    % Replace matrices with interpolated forms
    PDP_dB = PDP_dB_TGac;
    Power_per_angle_dB =  Power_per_angle_dB_TGac;
    AoD_Tx_deg = AoD_Tx_deg_TGac;
    AoA_Rx_deg = AoA_Rx_deg_TGac;
    AS_Tx_deg = AS_Tx_deg_TGac;
    AS_Rx_deg = AS_Rx_deg_TGac;
    K_factor_dB = K_factor_dB_TGac;
end
% End of tap interpolation
B.3.4 – Change to Call to “init_Rice”

The following code shall replace the existing call to “init_Rice” and the preceding comments (Line 467-471 in original script). This change is required to support independent rotation of LOS and NLOS components in MU-MIMO models:

% Computation of the Rice steering matrix
% Changed for TGac model -- Dedicated variables for angles rather than
% using first tap of composite angle -- With MU-MIMO, LOS and NLOS paths
% are rotated independently
RiceMatrix = init_Rice(NumberOfTxAntennas, SpacingTx, angle_Tx_LOS_rad, ...
    NumberOfRxAntennas, SpacingRx, angle_Rx_LOS_rad);
B.3.5 – Changes to Script Documentation (Optional)

The following are updates to the comments immediately after the function definition, which are displayed as help text if “help IEEE_802_11ac_Cases” is typed at the Matlab command line.

B.3.5.1 – Replacement for Lines 8-17 in original script:

%function [PDP_linear, RTx, RRx, Fading_Type, RiceMatrix, K_factor_dB, ...
%        PathLoss_dB, ShadowFading_dB, DirectionOfMovement_rad, ...
%        AngleAtMobile_deg, ASAtMobile_deg] = ...
%        IEEE_802_11ac_Cases(Connection, ID, CorrelationCoefficientType, ...
%        CarrierFrequency_Hz, NumberOfTxAntennas, SpacingTx, ...
%        NumberOfRxAntennas, SpacingRx, distance_Tx_Rx_m, ...
%        tap_spacing_ns, client_id)
%
% Provides the PDP of the chosen IEEE 802.11ac case, plus
% the spatial correlation properties of the taps in
% the case of a ULA. The I/O variables are listed here after.
B.3.5.2 – New parameter definitions to be appended after Line 38 in original script:

% * Variable tap_spacing_ns, minimum spacing between PDP taps after
%   interpolation of TGn 10ns taps to support channel bandwidths >40 MHz
% * Variable client_id, integer MU-MIMO client index. Determines
%   user-specific pseudorandom offset to be applied to cluster AoA and AoD.
%   Value of zero results in no offset (TGn angles)
B.3.5.3 – Update to Revision History (Line 71 of original script)

% Revision history
%
% June 2009       - Update of original IEEE_802_11_Cases.m script to
%                   support TGac extensions for MU-MIMO and higher channel
%                   bandwidth in compliance with IEEE 802.11-09/0308r5
%                   (Greg Breit)
Appendix C – MU-MIMO Channel Generation
7 C.1 – Introduction

The TGac channel model introduces support for multi-user (MU) MIMO simulations. This appendix provides guidance on applying the new model features to generate channels between a single AP and multiple spatially-separated client stations. 
8 C.2 – MU-MIMO Scenario

Figure C1 illustrates an example downlink MU-MIMO scenario, consisting of a single AP and three spatially-separated stations, STA1, STA2, and STA3. The AP is assumed to have Ntx antennas. The three stations possess Nrx1, Nrx2, and Nrx3 antennas, respectively.

The example MU-MIMO channel can be considered to consist of three independent single-user (SU) MIMO channels between the AP and each STA, denoted as H1, H2, and H3, respectively. Each SU-MIMO channel assumes different spatial correlations for both the AP and STA antenna arrays as a result of unique cluster AoA and AoD definitions for each client, as described in Section 4 and Appendices A and B. Spatial correlation between antennas on different STAs is assumed to be zero.
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Figure C1: Example downlink MU-MIMO scenario consisting of independent SU-MIMO channels between the AP and three STAs. Dimension of each SU-MIMO channel matrix is shown in parentheses.
9 C.3 – Channel Generation

MU-MIMO support in the TGac channel model is addressed by the “client_id” input parameter in the IEEE_802_11ac_Cases.m Matlab script described in Appendix B. The integer value of this parameter dictates the pseudorandom angle offset applied to each cluster AoA and AoD prior to calculation of the spatial correlation matrices of the SU-MIMO channel for that client. Channel model parameters (spatial correlations, PDP, etc.) specific to each MU-MIMO client are generated by calling IEEE_802_11ac_Cases() with a unique integer “client_id” value (clients indexed sequentially starting from 1). 

Generation of each client-specific SU-MIMO channel is accomplished by the identical procedure specified in the TGn channel model, but using the model parameters returned by IEEE_802_11ac_Cases() for that client_id. Figure C2 illustrates the final construction of the composite MU-MIMO channel from the independent client-specific SU-MIMO channels.
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Figure C2: Illustration of MU-MIMO channel construction by concatenation of client-specific SU-MIMO channels

The composite MU-MIMO channel is constructed from row-by-row concatenation of the individual SU-MIMO channels, H1, H2, and H3. The dimension of the composite channel is (Nrx1+Nrx2+Nrx3) x Ntx. For OFDM channels, this concatenation is performed for each frequency subcarrier.

For uplink MU-MIMO channels, the channel generation process is identical, although the resulting channel dimensions are transposed from the downlink case.
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n_users = 6;              % number of clients


seed_AoD_LOS = 39161;     % seed value for DL LOS AoD values


range_AoD_LOS = 360;      % specified range of LOS AoD diversity (+/-180deg)





% NOTE:’seed’ method specifies MATLAB multiplicative congruential generator


rand('seed',seed_AoD_LOS);   % initialize random number generator


offsets_AoD_LOS = (rand(n_users,1)-0.5)*range_AoD_LOS; % generate offsets








n_users = 6;              % number of clients


seed_AoD_LOS = 39161;     % seed value for DL LOS AoD values


range_AoD_LOS = 360;      % specified range of LOS AoD diversity (+/-180deg)





% NOTE: 'mcg16807' method specifies MATLAB multiplicative congruential generator. 


% ’Seed’ in this case refers to a property of the random stream s1. 


s1 = RandStream('mcg16807','Seed',seed_AoD_LOS); % init random number generator


offsets_AoD_LOS = (rand(s1,n_users,1)-0.5)*range_AoD_LOS;  % generate offsets





#include <stdio.h>





main() {


	int i;


	int n_users = 6; /* Number of clients */


	int range_AoD_LOS = 360; /* specified range of LOS AoD diversity (+/-180deg) */





	unsigned long seed_AoD_LOS = 608341199; /* seed value for DL LOS AoD values */


	unsigned long a = 16807;      /* (7^5) */


	unsigned long m = 2147483647; /* (2^31-1) */


	unsigned long rand_val[16];





	float rand_variant;





	rand_val[0] = seed_AoD_LOS; /* Seed sequence */





	/* Generate sequence */


	for (i=1; i<n_users; i++) { 


    	    rand_val[i] = (a*rand_val[i-1])%m;


	} 





	/* Print sequence */


	for (i=0; i<n_users; i++) {


    	    rand_variant = (double)rand_val[i]/(double)m; /* normalize to modulus */


    	    printf("%d  %10.4f\n", i, (rand_variant-0.5)*range_AoD_LOS);


	}


}
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