3GPP TSG RAN WG1 Meeting #78bis
R1-143958
Ljubljana, Slovenia, 6th – 10th October 2014
Source:
CMCC
Title:
TXRU virtualization and array modeling
Agenda Item:
7.3.3.2
Document for:
Discussion and Decision
1. Introduction & Background
In RAN#65 meeting, a new SI ‘Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE’ was approved [1]. In the SI, the following aspects are required to be studied:
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.

In this paper, we will firstly discuss the virtualization of antenna elements per single TXRU. Then we will discuss the array modelling, with regards to antenna element spacing, number of antenna elements per TXRU, polarization and operating frequency range.
2. TXRU virtualization
From performance perspective, one-to-one mapping of TXRU and antenna elements are optimal, since the DoF of all antenna elements can be exploited by beamforming. However, consider the cost of TXRU is much higher than antenna elements, TXRU virtulization may be neccecary when the number of TXRU is smaller  than antenna elements. 
In the following, we will analyze the virtualization from antenna elements to TXRU. As an example, we consider a 64 antenna elements array, with 8 horizontal (X-polorized) elements and 8 vertical antenna elements as shown in  Fig. 1. The virtulization can be in horizontal domain or in vertical domain. If horizontal domain virtulization is applied, the horizontal coverage of the cell will be impacted. To ensure the horizontal coverage, only the virtulization of vertical antenna elements are considered. The virtualization methods of vertical antenna elements can be divided into two types: 1) Type 1 : port based virtualization ; 2) Type 2 : beam based virtualization.
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Fig. 1 Ilustration of the virtualization from 64 antenna elements to 16 TXRU
The terminology in this contribution is defined as follows: for virtualization from antenna element to TXRU, the weight is called “TXRU virtualization weight” and the beampattern is “TXRU virtualization beampattern”. For precoding applied on TXRU to form a PDSCH direction, the weight is called “precoding weight” and the beampattern is “precoding beampattern”. The final PDSCH direction is based on combination of TXRU virtualization beampattern and precoding beampattern, and the final beampattern is called “PDSCH beampattern”. Please note that TXRU virtualization beampattern already include beampattern of single antenna element.
3.1 Type 1 : Port-based TXRU virtualization

Port-based virtualization is : partition the virtical antenna elements into several groups, and the antenna elements in the same group is virtualized to be a TXRU, as illustrated in Fig. 2, where only one column of antenna elements with the same polarization are shown for clarity. There are two grouping options: Option 1 : Adjacent antenna elements grouping; Option 2: Comb-like antenna elements grouping, which are shown in Fig.2-a and Fig.2-b, respectively.
The TXRU virtualization vectors for different TXRU can be the same or different. If the same weighting vectors are used, i.e., 
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 in Fig.2-a and Fig.2-b, the virtualized beam pattern of all TXRU are the same, which helps for easier baseband beamforming design and coverage design of CRS and CSI-RS. If different weighting vectors are used for different TXRU, i.e., 
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 in Fig.2-a and Fig.2-b, the virtualized beam pattern of different TXRU are different, which may cause more efforts on baseband beamforming design and coverage design of CRS and CSI-RS. Thus same weighting vector of different antenna element groups is slightly preferred.
The difference between Option 1 and Option 2 mainly lies on two aspects: 1) distance of antenna element in the same group, which corresponds to TXRU beampattern, and 2) effective distance between different TXRUs, which corresponds to precoding beampattern. In the following discussions, we discuss TXRU beampattern and precoding beampattern respectively, and then analyze PDSCH beampattern, which is  essentially a multiplication of TXRU beampattern and precoding beampattern.
1) Analysis on TXRU beampattern
The TXRU beampattern for option 1 and 2 are plotted in figure 3-a and 3-b, respectively.

For Option 1, the adjacent antenna element distance in the same group is small, e.g., 
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 in Fig 2-a, by which the beam with wide main lobe can be formed. For better illustration, a beam pattern of TXRU virtualized by Option 1 is shown in Fig. 3-a, where the weighting vector is DFT, the direction of the main beam is 
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. From the figure we can observe that the 3dB beam width is 
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Regarding to Option 2, the antenna element distance in the same group is large, e.g., 
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 in Fig 2-b, which indicates that the beam width of the virtualized TXRU is smaller than that of Option 1. A beam pattern of TXRU virtualized by Option 2 is shown in Fig. 3-b, which is also obtained by applying DFT weighting vector, while setting 
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, grating lobe is observed for option 2. The grating lobe is suppressed by around 10 dB due to beampattern of antenna element, however it is not yet clear if such suppression is sufficient for a proper 3D-MIMO operation.
2) Analysis on Precoding beampattern
The precoding beampattern for option 1 and 2 are plotted in figure 4-a and 4-b, respectively.

Comparing Option 1 and Option 2, we can observe that the effective distance between vertical TXRU of Option 1 is larger than that of Option 2, e.g., as shown in Fig. 2-a and Fig 2-b, the effective distance of Option 1 and Option 2 are 
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, respectively. Because the effective antenna spacing for option 1 is large, grating lobe would be observed for precoding beampattern of option 1. On contrast, for option 2 there is no grating lobe but mainlobe beamwidth is extremely large.
3) Analysis on PDSCH beampattern

The PDSCH beampattern for option 1 and 2 are plotted in figure 5-a and 5-b, respectively.

The final PDSCH beampattern is determined by both TXRU beampattern and precoding beampattern, because the weight for PDSCH is concatenation of virtualization weight and precoding weight. The PDSCH beampattern are plotted for option 1 and 2, respectively.
The precoding vector for two vertical TXRUs is DFT with different beam directions, i.e., 
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 is the effective distance between two TXRU, 
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 is the intended beam direction of two TXRUs. The values of 
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From the figure for option 1, we can observe that when 
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, a beam pattern is formed with grating lobe power be almost the same as that of the main beam. This will lead to severe power leakage to grating lobe, which not only reduce the beamforming gain, but also increase the interference towards the direction of the grating lobe. Therefore the feasibility of using DFT vector as both virtualization weight and precoding weight may needs to be further studied if Option 1 is adopted.
In the figure for option 2, it is observed that the PDSCH direction is almost fixed although the precoding weight is adjusted from 94 to 110 degrees. The reason is that the precoding beampattern is very wide, but the TXRU beampattern is narrow. When the wide precoding beam is steered, the direction of the narrow TXRU beam is fixed. Then the overall combined beampattern is almost fixed because the PDSCH beampattern is multiplication of precoding beampattern and TXRU beampattern. Therefore, the feasibility of option 2 for 3D-MIMO is very questionable.

Observation 1: For option 1, if DFT vectors are used for both TXRU virtualization and precoding, the grating lobes of precoding beampattern would be within the mainlobe of TXRU beampattern, which means power leakage to undesired directions, and PDSCH beampattern is unnecessarily wide which losses beamforming gain.

Observation 2: For option 2, if DFT vectors are used for both TXRU virtualization and precoding, the mainlobe width of precoding beampattern is much wider than the beamwidth of TXRU beampattern. Consequently adjusting precoding weights does not correctly steer beam direction.

Proposal 1: Based on the above observations, it is suggested to prioritize option 1 for further study. However, the exact method for TXRU virtualization and precoding would need further study, as a straightforward DFT vector seems not working well.
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Fig 2-a. Option 1: TXRU virtualization by

 
Fig.2-b. Option 2:  TXRU virtualization by 
adjacent antenna elements grouping 


   comb-like antenna elements grouping
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Fig 3-a. TXRU Beam pattern for Option 1                           Fig 3-b. TXRU Beam pattern for Option 2  
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Fig 4-a. Precoding beampattern for Option 1                       Fig 4-b. Precoding beampattern for Option 2
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Fig. 5-a. PDSCH Beam pattern for option 1
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Fig. 5-b. PDSCH Beam pattern for option 1

3.2 Type 2 : Beam-based TXRU virtualization
Beam-based virtualization is: each TXRU is virtualized by all vertical antenna elements, and the weighting vectors for each TXRU are different, as illustrated in Fig. 5-a. Compared with Option 1 of Type 1, such beam-based virtualization will form narrower beam width since more elements are applied for virtualization. 
For comparison, the beam patterns of two TXRUs virtualized by method shown Fig. 6-a is illustrated in Fig. 5-b, where the virtualization weighting vector is DFT, 
[image: image31.wmf]1,

1

exp(*2***cos(/180*))

4

V

m

l

d

wjm

pp

l

q

=-

,
[image: image32.wmf]1,,8

m

=

K

, 
[image: image33.wmf]1,2

l

=

. The 
[image: image34.wmf]l

q

 for the virtualization weighting vectors of the two TXRU are set as 
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. From Fig 6-b we can observe that, the 3dB beam width is 
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, which is smaller than the Option 1 of Type 1.
Despite the simplicity of type 2 virtualization, the beamforming flexibility is limited because the final PDSCH direction is limited by the TXRU beampattern. In other words, the final PDSCH weighting vector is a linear combination of the two fixed TXRU virtualization weigth (two adjustable parameters), but not a vector with eight adjustable parameters. The constraint due to TXRU virtualization weight still need careful analysis.
Proposal 2:  The beam-based virtualization of TXRU is suggested to be further studied, and the constraint on PDSCH beamforming flexibility due to TXRU virtualization weight still need careful analysis. 
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Fig 6-a. Beam-based virtualization
         Fig.6-b. Beam pattern of TXRU formed by beam-based virtualization
3. Array modelling

In this section, we will discuss the array modelling, with regards to number of antenna elements of the antenna array, number of antenna elements per TXRU, antenna element spacing,  polarization and operating frequency range.
Currently, the antenna array supporting 8 horizontal antenna ports, with each antenna port being virtualized by 8-10 vertical antenna elements, has been used in real network. Consequently, the antenna array that studied in this SI is suggested to include the array with eight horizontal antenna elements and at least 8 vertical antenna elements. For easier TXRU virtualization, the vertical antenna elements can be set as the power of 2. The starting point of the study can set the antenna elements in vertical domain as 8, but the related schemes should be scalable to the antenna array with more than 8 vertical antenna elements. 
The number of antenna elements per TXRU depends on the number of total antenna elements, the number of TXRU and the TXRU virtualization method. Assuming the array with 8 vertical antenna elements and 8 horizontal antenna elements and assuming the virtualization of vertical antenna elements, the  number of antenna elements per TXRU can be summarized in Table I, in which the Type 1 and Type 2 virtualization methods are analyzed respectively.
Table I. Number of antenna elements per TXRU with 8/16/32/64 TXRU
	
	TXRU=8
	TXRU=16
	TXRU=32
	TXRU=64

	Antenna elements per TXRU (Type 1 TXRU virtualization)
	8
	4
	2
	1

	Antenna elements per TXRU (Type 2 TXRU virtualization)
	8
	8
	8
	8


For the purpose of reducing the width of antenna array, the horizontal antenna spacing is preferred to be 
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, and cross-polarization is suggested. Regarding to the vertical antenna spacing, the range from 
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 are acceptable, and the specific value can be further discussed and determined. The operating frequency can be range from 1.9G to 3.5G. 
Proposal 3: The antenna array that studied in this SI is suggested to include the array with eight horizontal and at least 8 vertical antenna elements, the related schemes should be scalable to the antenna array with more than 8 vertical antenna elements. The number of antenna elements per TXRU depends on the number of total antenna elements, the number of TXRU and the TXRU virtualization method.
Proposal 4: The horizontal antenna spacing is preferred to be 
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, and cross-polarization is suggested. Regarding to the vertical antenna spacing, the range from 
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 are acceptable, and the specific value can be further discussed and determined. The operating frequency can be range from 1.9G to 3.5G.
4. Conclusion
In this proposal, we discussed the virtualization of antenna elements per single TXRU and the array modelling. 
For TXRU virtualization, two types of virtualization method are discussed: port based virtualization and beam based virtualization. Port-based virtualization is: partition the virtical antenna elements into several groups, and the antenna elements in the same group is virtualized to be a TXRU type 1 is to map multiple  antenna elements to on. Beam-based virtualization is: each TXRU is virtualized by all vertical antenna elements, and the weighting vectors for each TXRU are different. Illustrations can be found in figure 2 and 6 respectively.
For type 1 port-based virtualization, two options are discussed. Option 1 is to use adjacent antenna elements grouping, and option 2 is to use comb-like antenna elements grouping. The beampattern of the two options are simulated and compared. It is observed that:

Observation 1: For option 1, if DFT vectors are used for both TXRU virtualization and precoding, the grating lobes of precoding beampattern would be within the mainlobe of TXRU beampattern, which means power leakage to undesired directions, and PDSCH beampattern is unnecessarily wide which losses beamforming gain.

Observation 2: For option 2, if DFT vectors are used for both TXRU virtualization and precoding, the mainlobe width of precoding beampattern is much wider than the beamwidth of TXRU beampattern. Consequently adjusting precoding weights does not correctly steer beam direction.

Based on the observation, we propose the following for port-based virtualization:

Proposal 1: Based on the above observations, it is suggested to prioritize option 1 for port-based virtualization and further study port-based virtualization. However, the exact method for TXRU virtualization and precoding would need further study, as a straightforward DFT vector seems not working well.
For beam based virtualization, it is proposed that:

Proposal 2:  The beam-based virtualization of TXRU is suggested to be further studied, and the constraint on PDSCH beamforming flexibility due to TXRU virtualization weight still needs careful analysis.

Array modeling is also discussed in this contribution, and it is proposed that:
Proposal 3: The antenna array that studied in this SI is suggested to include the array with eight horizontal and at least 8 vertical antenna elements, the related schemes should be scalable to the antenna array with more than 8 vertical antenna elements. The number of antenna elements per TXRU depends on the number of total antenna elements, the number of TXRU and the TXRU virtualization method.
Proposal 4: The horizontal antenna spacing is preferred to be 
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, and cross-polarization is suggested. Regarding to the vertical antenna spacing, the range from 
[image: image47.wmf]0.5

l

 to 
[image: image48.wmf]0.9

l

 are acceptable, and the specific value can be further discussed and determined. The operating frequency can be range from 1.9G to 3.5G.
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