Page 1

3GPP TSG-RAN WG1 #AH Channel Model
R1-161645
Ljubljana, Slovenia, 14 – 16 March, 2016
Source: 
Nokia Networks, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title:




Wideband Array Modeling for Frequency Spectrum above 6 GHz
Agenda item:
    7
Document for:
Discussion and Decision
1. Introduction
The next generation systems will have significantly higher bandwidths than are currently available.  In particular much higher bandwidths are available at the higher frequency bands and it is possible even 2.0 GHz bandwidths will be available in the E-band (71-76 and 81-86 GHz).  Also RF beamforming, which is characterized by frequency non-selective beamforming weights, will be attractive at these higher frequencies because of need for a large number of antennas to overcome the increased path loss plus the need to minimize some RF components like A/D and D/A converters.  The possible need for an improved type of antenna array modeling for this case in 5G systems was pointed out in [2].

The current 3D channel model [1] simulates the antenna arrays with the use of array manifold vectors which are tied to the wavelength and do not change across the bandwidth of the signal.  The use of array manifold vectors is an approximation as technically the array manifold vector changes across the frequencies spanned by the bandwidth of the signal.  If the bandwidth is small compared to the carrier frequency (e.g., less than around two percent) and the array size is not very large, then this is a reasonable approximation.  However as higher bandwidths become available especially at the higher frequencies where RF beamforming will likely be used with large antenna arrays, the array manifold modeling becomes inaccurate as we will show in this contribution.  This contribution will explain the approximation taken in array manifold modeling and will propose a straight-forward solution which can be applied when the conditions warrant and this solution can even be applied to the current 3D channel model [1].
2 Details of Wideband Array Modeling
To understand where the array manifold approximation originates, take the example shown in Figure 1. In this simple example there are two receive (Rx) antennas aligned on the x axis and separated by d m.  A transmitter (Tx), not shown, is far enough away so that the incoming wave appears like a plane wave to the receive array where the plane wave arrives with an angle of  as shown.  So when the Tx sends a transmission in this example, antenna 1 will receive the signal dsin/c seconds before antenna 2 where c is the speed of light.  Say x(t) is the signal sent from the Tx where t is referenced to Rx antenna 1, fc is the carrier frequency in Hz, and  is the wavelength in m.  Then at time t, Rx antenna 1 receives:
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At the same time, Rx antenna 2 receives what antenna 1 saw dsin/c seconds in the past:
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Mixing down to baseband and sampling at time nT where T is the sample rate gives the following received baseband signals:
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The array manifold approximation assumes either that d is small enough or that dsin/c is small relative to the sample rate.  So as the bandwidth (BW) increases for a fixed antenna spacing, the sample time decreases in proportion to 1/BW and dsin/c becomes a larger fraction of the sample time making the array manifold approximation less accurate.  Note that along with bandwidth that array size (d) also plays a role in the accuracy of the manifold approximation.
Completing the derivation of the array manifold approximation, z2(n) becomes:
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where the exponential term is the array manifold for antenna 2.  In other words, the array manifold vector for this simple example would be:
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The wideband array modelling would not follow the approximation given above and would incorporate the per-antenna delays of the signal seen by the antennas.  Note that the above derivation assumed a plane wave, however the analysis could easily be extended to spherical wave modelling for cases where the Rx is close to the Tx.
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Figure 1.
Two Rx antennas separated by d m with antenna 1 being the reference antenna.  An incoming plane wave impinges on the array with an angle of .
3 Required Changes for Wideband Array Modeling
Since the channel model equation for channels above 6 GHz is not yet defined, the changes required for wideband array modeling are explained with the channel generation equation (7.21) of step 11 in [1].  That equation and supporting text is given as (where (u, s) is the Rx/Tx antenna pair respectively, n is the cluster number, M is the number of rays per cluster):
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where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors, 
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 and 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors, 
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 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
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is the location vector of receive antenna element u and 
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is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector 
[image: image20.wmf]v

with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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(7.24)”
Wideband Array Modeling Extension

The main difference with wideband array modeling is that instead of each ray within a cluster having the same time of arrival (TOA) and each Rx/Tx antenna pair having the same TOAs, each ray within a cluster for a given Rx/Tx antenna pair will have a unique TOA which depends on the angles of arrival and departure.  So instead of being able to simply sum the contributions of all rays within an equation like (7.21) from [1] does, each ray within a cluster for a given u (Rx) and s (Tx) will have a unique TOA.
So for wideband array modeling, equation (7.21) would become:
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where the delay (TOA) for Hu,s,n,m(t) is given as:
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where n,m is the delay for ray m in cluster n produced by the current channel model and c is the speed of light.  Note that n,m might be the same for all rays within a cluster and for all Rx/Tx pairs as is defined in the current channel model.
4 Simulation Examples
In this section we show two examples of the impact of wideband array modelling when employing wideband maximal ratio combining (MRC) and wideband null steering (analogous to what would be done for SU-MIMO and MU-MIMO respectively with wideband weights).  Consider a 72 GHz carrier frequency with a 64-element uniform linear array (ULA) with /2 spacing, a 4.0 GHz bandwidth, a desired user at 50 degrees, and the SNR to the desired user of 10 dB.  Two cases will be studied, first the effect of the wide bandwidth on MRC with a wideband RF beamforming weight and second the effect on wideband null steering with an interferer at 30 degrees with an SIR = -5 dB.  The system employs RF beamforming with both gain and phase control.  For the MU-MIMO receiver we use MMSE Rx weights designed to the array manifold vectors at 72 GHz corresponding to the desired user’s angle of arrival and the interferer’s angle of arrival.  Note that because of RF beamforming, only one Rx weight is used across the entire 4.0 GHz of bandwidth.  The results for MRC are shown in Figure 2 and for MU-MIMO in Figure 3.  With the array manifold modelling, the same SNR (for MRC) or SINR (for MU-MIMO) of around 28 dB would erroneously be seen across the entire 4.0 GHz of bandwidth in both cases.  However with the wideband array modelling, the SNR varies between 20 dB and 28 dB in the MRC case and between 17 dB and 28 dB in the MU-MIMO case with the only match to the array manifold modelling being near the carrier frequency.
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Figure 2.
SNR for MRC case across the 4.0 GHz bandwidth for the manifold approximation (red line) and the delay modelling (i.e., wideband modelling) of section 3 (blue line). 
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Figure 3.
SINR for MU-MIMO case across the 4.0 GHz bandwidth for the manifold approximation (red line) and the delay modelling (i.e., wideband modelling) of section 3 (blue line). 
5 Conclusion
This contribution presented a wideband modeling for antenna arrays.  In summary the findings of this contribution are:

1.
No changes are necessary in the channel modeling methodology for generating the channel parameters and the wideband array enhancements can be implemented even with the current 3GPP channel models including the 3D channel model.  The wideband array modeling is applied only in step 11 of [1] when generating the channel with the given equations.

2.
Wideband array modeling only needs to be applied under certain conditions, for example with RF (wideband) beamforming when the ratio of bandwidth over carrier frequency is greater than around 2.0% or with very large antenna arrays.  Note that MU-MIMO with wideband array weights will be more sensitive to the array manifold approximation than would SU-MIMO or frequency-selective weights.  Hence it is proposed to only employ this type of modeling when a given study requires it.

Proposal: Adopt the wideband array modeling extension as an option for potential use in future studies.
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