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1. Introduction

In TR 25.996, in section 4.5.1, it is described the gain pattern for beamforming application as：

‘For beamforming applications that require small spacings, alternative antenna designs may have to be considered leading to a different antenna pattern.’
In [2], an antenna unit gain pattern was proposed for the beamforming antenna application, and the sector gain is composed by the sector beamforming weight. In this proposal, we give a way forward for the usage of the antenna gain pattern for beamforming applications for 3GPP and ITU evaluation purpose.
2. Discussion

In [2], we suggested an idea baffle-board model for the antenna unit gain as given below.
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Where, 
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is the distance between the antenna unit and the back board, usually 
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/4. The 3dB beamwidth of this pattern is about 120 in degree.
In actual adaptive antenna product, the unit gain will be decided by the product design and cross-coupling among the units. The gain pattern’s is usually not ideal as the baffle-board model. Measurement results show that the 3dB beam-width is usually within 90 to 110 degree. Figure1 shows measurement results of one of the smart antenna systems deployed in TD-SCDMA network, the 3dB beamwidth is about 90 degree.
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Figure 1, Antenna unit gain pattern for beamforming application

In order to keep consistent with TR25.996, we suggest the same gain pattern equation as defined in section 4.5.1 as the following
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Where 
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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 Am is the maximum attenuation. For beam-forming applications that require small spacings, 
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 is 90 degrees, see the figure1.
Because the antenna spacing is 0.5 wavelength (7.5cm for 2GHz), it’s difficult to make the unit gain pattern’s 3dB beamwidth smaller than 90 degree. On the other hand, if the unit pattern 3dB beamwidth is 70 degree, it is hard to get the 70 degree 3dB beamwidth for sector pattern by sector beamforming weight. In order to get realistic simulation result, we suggest the 90 degree 3dB beamwidth pattern as the beam-forming antenna unit gain. The sector gain pattern can be composed by the weight of W= [0.35,  1,  1,  -0.6] for the 4 element array, see the figure2.
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Figure 2, 90 degree unit pattern and sector pattern
So, we suggest that for the 3GPP case1 and case3, the 3dB beamwidth of the unit gain pattern for beamforming is set as 90 in degree. Corresponding draft text proposals for TR25.996 and TR36.814 are attached at the end of this document.

Since in [3], the antenna gain pattern has been adopted as 70 degree 3dB beamwidth, for ITU submission and ITU scenarios, it is proposed to keep the configuration same as in [3]. The sector beamforming weight w=[0.3751 + 0.0363*i, 1, 1, -0.7243 + 0.0308*i] for the 4 elements array will produce the sector pattern as shown in figure 3.
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Figure3 70 degree unit pattern and sector pattern
Additionally, in order to show the realistic result of beamforming, some additional results with 90 degree pattern shall also be considered.

3. Conclusion:

In this proposal, we give the following way forward:

· Adopt the pattern of 90 degree 3dB beamwith for beamforming antenna for the 3Gpp scenarios.

· Keep the pattern of 70 degree 3dB beamwith for beamforming antenna for the ITU scenarios for ITU submission, additional results in the condition of 90 degree pattern can also be provided for information.

4. Reference

[1] Spatial channel model for Multiple Input Multiple Output (MIMO) simulations. 3GPP TR25.996 V8.0.0

[2] R1-091611, “Clarification of the polarized antenna array channel model and typical parameters suggestion”, CATT, CMCC, Elektrobit, Potevio
[3] ITU-R Report M.2135, Guidelines for evaluation of radio interface technologies for IMT-Advanced, 2008.
TP for 25.996
----------------------------------start of text proposal for 25.996----------------------------------------------

4.5.1
BS antenna pattern

The 3-sector antenna pattern used for each sector, Reverse Link and Forward Link, is plotted in Figure 4.1 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  Am is the maximum attenuation. For a 3 sector scenario 
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 is 70 degrees, 
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20dB,and the antenna boresight pointing direction is given by Figure 4.2.  For a 6 sector scenario 
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 is 35o, 
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=23dB, which results in the pattern shown in Figure 4.3, and the boresight pointing direction defined by Figure 4.4.  The boresight is defined to be the direction to which the antenna shows the maximum gain.  The gain for the 3-sector 70 degree antenna is 14dBi.  By reducing the beamwidth by half to 35 degrees, the corresponding gain will be 3dB higher resulting in 17dBi. The antenna pattern shown is targeted for diversity-oriented implementations (i.e. large inter-element spacings). For beamforming applications that require small spacing, alternative antenna designs may have to be considered leading to a different antenna pattern. 
For a 3 sector scenarios with beamforming applications, antenna unit gain pattern
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 is 90 degrees. And the sector gain is composed by sector-beamforing weight:w=[0.3751 + 0.0363*i, 1, 1, -0.7243 + 0.0308*i] for 4 antennas and w=[ 0.4993 - 0.0550*i,-0.5736 + 0.8192*i,-0.9063 - 0.4226*i,-0.4226 - 0.9063*i,-0.4226 - 0.9063*i,-0.9063 - 0.4226*i,-0.5736 + 0.8192*i,

0.4993 - 0.0550*i] for 8 antennas, see figure4.5.
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Figure 4.1: Antenna pattern for 3-sector cells
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Figure 4.2: Boresight pointing direction for 3-sector cells
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Figure 4.3: Antenna pattern for 6-sector cells
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Figure 4.4: Boresight pointing direction for 6-sector cells
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Figure 4.5: Beam-forming antenna pattern and sector pattern

----------------------------------end of text proposal for 25.996-----------------------------------------------
TP for 36.814
-----------------------------------start of text proposal for 36.814---------------------------------------------
Table A.2.1.1-2 – 3GPP Case 1 and 3 (Macro-cell) 
system simulation baseline parameters modifications as compared to TR 25.814
	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees, 
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 = 90 degrees for beamforming antenna pattern
 Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 10,  SLAv = 20 dB

The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   
46/49dBm – 10, 20MHz carrier
Some evaluations to exploit carrier aggregation techniques may use wider bandwidths e.g. 60 or 80 MHz (FDD). For these evaluations [49 dBm] Total BS Tx power should be used.

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	In addition to the antenna bore-sight orientation in TR25.814 (center direction points to the flat side), an optional orientation as shown can be used if needed in Coordinated Multipoint study (i.e., point to corners) for 3GPP internal evaluations
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