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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 last RAN1 #78bis meeting, the first technical discussion on FD-MIMO was initiated. One aspect that has been discussed is how to model virtualization of antenna elements per single TXRU. 
For TXRU virtualization, two options are agreed for further discussion, which are 1) Option 1: Subarray partition model, and 2) Option 2: Full connection model [2]. The mapping from 64 antenna elements to 16 TXRU was also discussed [3], but the mapping from 64 antenna elements to 32 TXRU has not been well discussed yet. In this paper, in addition to the mapping from 64 antenna elements to 16 TXRU, we will further discuss the performance of the two options considering the mapping from 64 antenna elements to 32 TXRU. Besides, more analysis on the performance of Option 2 is also provided.
2. TXRU virtualization
In the following, we will analyze the virtualization from 64 antenna elements to 32 TXRU, 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 two options that has been agreed in last RAN1 meeting will be disccussed : 1) Option 1: Subarray partition model, and 2) Option 2: Full connection model.
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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.
2.1 Option 1 : Subarray partition model
Subarray partition model 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. 2a and Fig. 2b, where only one column of antenna elements with the same polarization are shown for clarity. In the last meeing, the adjacent antenna elements grouping as shown in Fig. 2a and Fig. 2b was agreed, and it is assumed that the same TXRU virtualization weight vector is applied for all the columns.
1) Analysis on TXRU beampattern
The TXRU beampattern for option 1 with 64 to 16 mapping and 64 to 32 mapping are plotted in figure 3-a and 3-b, respectively, where the adjacent elements distance is set as 
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. For better illustration, the beam pattern of TXRU virtualized by Option 1 with 64 to 16 mapping and 64 to 32 mapping are shown in Fig. 3-a and Fig.3-b, where the weighting vector is DFT, the direction of the TXRU main beam is 
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, Nv is the number of antenna elements in a TXRU. 
From the figure we can observe that the 3dB beam width of a TXRU virtualized by 4 antenna elements (64 elements to 16 TXRU) is 
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, while the 3dB beam width of a TXRU virtualized by 2 antenna elements (64 elements to 32 TXRU) is 
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Observation 1: For a 64 elements FD-MIMO antenna array, the 3dB beam width of TXRU virtualized by 4 antenna elements is approximately half of the TXRU virtualized by 2 antenna elements.
2) Analysis on PDSCH beampattern

The PDSCH beampattern for option 1 with 64 to 16 mapping and 64 to 32 mapping are plotted in figure 4-a and 4-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 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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Fig. 4a shows the PDSCH pattern when mapping from 64 elements to 16 TXRU. From Fig. 4a we can observe that the range of PDSCH beam is limited by the TXRU pattern. When the difference of desired PDSCH beam direction (
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) and TXRU direction (
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) becomes large, the PDSCH beam pattern can not be formed well.  For example, when 
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, a beam pattern is formed with grating lobe power be larger than that of the main beam, besides, the main beam can not be pointed to the desired direction of 
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. This will 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 for 16 TXRU.

Fig. 4b shows the PDSCH pattern when mapping from 64 elements to 32 TXRU. Since the TXRU pattern formed by 2 antenna elements has larger beamwidth, the PDSCH pattern can be easily adjusted according to the desired PDSCH beam direction (
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) .  The DFT vector as both virtualization weight and precoding weight seems works well for 32 TXRU.
Observation 2: More vertical TXRU provides more degree of freedom for vertical direction adjustment by DFT as both virtualization weight and precoding weight. Beampattern with 32 TXRU exhibits lower sidelobe, which implies better MU performance and lower inter-cell-interference.
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Fig 2-a. Option 1: TXRU virtualization from

Fig.2-b. Option 1: TXRU virtualization from
64 elements to 16 TXRU


   

64 elements to 32 TXRU
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Fig 3-a. TXRU Beam pattern for Option 1                           
Fig 3-b. TXRU Beam pattern for Option 1  
(64 elements to 16 TXRU)



(64 elements to 32 TXRU)
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Fig. 4-a. PDSCH Beam pattern for option 1 (64 elements to 16 TXRU)
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Fig. 4-b. PDSCH Beam pattern for option 1 (64 elements to 32 TXRU)
2.2 Option 2 : Full connection model
Full connection model 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 and Fig.5-b. Compared with Option 1, such beam-based virtualization will form narrower beam width since more elements are applied for virtualization. 
For comparison, the beam patterns of TXRUs virtualized by method shown in Fig. 5-a and Fig.5-b are illustrated in Fig. 6-a and Fig.6-b, where the virtualization weighting vector is DFT: 
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For mapping from 64 elements to 16 TXRU, the 
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 of the two vertical TXRU are set as 
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. For mapping from 64 elements to 32 TXRU, the 
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 of the four vertical TXRU are set as 
[image: image32.wmf]1

95

q

=

o

, 
[image: image33.wmf]2

100

q

=

o

,
[image: image34.wmf]3

105

q

=

o

, 
[image: image35.wmf]2

110

q

=

o

.

The PDSCH transmission performance depends on both the virtualization weighting vector of each TXRU and the PDSCH beamforming. Three possible PDSCH beamforming methods can be considered:

1) Method 1: Each user choose only one vertical TXRU for transmission;
2) Method 2: The PDSCH is transmitted by the weighting of all vertical TXRUs, with the power of each TXRU fully transmitted, e.g., phase adjustment to ensure the received signal from different TXRU are co-phased. 
3) Method 3: The PDSCH is transmitted by the weighting of all vertical TXRUs, with the power of each TXRU can be adjusted according to the beamforming design, e.g., MRT.
The benefit of Method 1 is its simplification of feedback, e.g., the UE only needs to feedback its preferred TXRU. The drawback of method 1 is that only the transmit power of the selected TXRU can be transmitted to the UE, which may cause the performance loss. 
By contrast, the Method 2 and Method 3 can apply the transmit power of all TXRU for transmission. Considering the per-TXRU power limitation, Method 2 can ensure the maximum power transmission of each TXRU, while the Method 3 with MRT can ensure the maximum receive SNR by adjust both the phase and the power of each TXRU. If per-TXRU power limitation is considered, the precoding of Method 3 should be normalized to meet the power constraint of each TXRU.  
For better comparison of the three methods, the PDSCH pattern with mapping from 64 elements to 32 TXRU by Option 2 is shown in Fig. 7a and Fig. 7b. The Method 1 is achieved by choosing one of the four vertical TXRU with maximum receive power. The Method 2 uses only phase adjustment to ensure the received signal from different TXRU are co-phased. The Method 3 uses MRT, while the Method 3 with normalized is to normalize the MRT precoding to meet the power constraint of TXRU. Two desired PDSCH direction are considered, which are 
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From the Fig. 7a we can observe that Method 3 with MRT achieves the highest gain at the desired PDSCH direction, but it is impractical when considering the per-TXRU power limitation. Method 2 provides higher gain at the desired PDSCH direction than Method 3 with normalization, but also has larger sidelobe, which indicates larger interference to other UEs. The Method 1 provides the lowest gain, since it only uses the power of one TXRU. From the perspective of TXRU power usage, the method 2 and method 3 to use all TXRU to transmit to UE performs better than only choose one TXRU to transmit.
From Fig. 7b we can observe that when the desired PDSCH direction is not in the coverage of the TXRUs, the PDSCH mainbeam direction can hardly point to the desired direction. Therefore, if the Option 2 is applied, the direction of each TXRU should be well studied to cover all possible UE directions. 

Observation 3: More vertical TXRU provides more degree of freedom for vertical direction adjustment by DFT as both virtualization weight and precoding weight.
Proposal 1: For Option 2, from the perspective of TXRU power usage, the method 2 and method 3 to use all TXRU to transmit to UE performs better than only choose one TXRU to transmit, which allow both TXRU to transmit for one UE
Proposal 2:  If the Option 2 is applied, the direction of each TXRU should be well studied to cover all possible UE directions, because it is difficult to cover UEs out of TXRU beam directions
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Fig 5-a. Option 2: TXRU virtualization from

Fig.5-b. Option 2: TXRU virtualization from
64 elements to 16 TXRU


   

64 elements to 32 TXRU
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Fig 6-a. Option 2: TXRU virtualization from

Fig.6-b. Option 2: TXRU virtualization from
64 elements to 16 TXRU


   

64 elements to 32 TXRU
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Fig. 7a. PDSCH Beam pattern for option 2 (64 elements to 32 TXRU, desired PDSCH direction is 108 degree)
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Fig. 7b. PDSCH Beam pattern for option 2 (64 elements to 32 TXRU, desired PDSCH direction is 115 degree)

3. Conclusion
In this proposal, we discussed the virtualization of antenna elements per single TXRU. For TXRU virtualization, two types of virtualization method are discussed: 1) Option 1: Subarray partition model, and 2) Option 2: Full connection model. The performance of the two options considering the mapping from 64 antenna elements to 32 TXRU was analyzed. The following observations and proposals are provided :
Observation 1: For a 64 elements FD-MIMO antenna array, the 3dB beam width of TXRU virtualized by 4 antenna elements is approximately half of the TXRU virtualized by 2 antenna elements.
Observation 2: For subarray partition model, more vertical TXRU provides more degree of freedom for vertical direction adjustment by DFT as both virtualization weight and precoding weight. Beampattern with 32 TXRU exhibits lower sidelobe, which implies better MU performance and lower inter-cell-interference.
Observation 3: For full connection model, more vertical TXRU provides more degree of freedom for vertical direction adjustment by DFT as both virtualization weight and precoding weight.
Proposal 1: For Option 2, from the perspective of TXRU power usage, the method 2 and method 3 to use all TXRU to transmit to UE performs better than only choose one TXRU to transmit, which allow both TXRU to transmit for one UE.
Proposal 2:  If the Option 2 is applied, the direction of each TXRU should be well studied to cover all possible UE directions , because it is difficult to cover UEs out of TXRU beam directions
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