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1 Introduction
In RAN#65, a study item on elevation beamforming and full dimensional (FD) MIMO was approved [1]. One of the main objectives of the study item is evaluation of the enhancement of codebook and feedback mechanisms to support SU/MU-MIMO operation. In this contribution we provide our view on the possible channel state information feedback enhancement that should be considered for the evaluations and specification.
2 Automated approach for TXRU virtualization in FD-MIMO
TXRU virtualization is one of the important steps in the network deployment.  One approach to virtualize TXRU is to select some static TXRU antenna weights based on the geometry of the environment. However such approach in practice would require significant operator efforts to optimize the TXRU configuration to the specific antenna deployment and UE distribution. Such efforts are expected to be further increased in FD-MIMO systems where antenna arrays typically would have a large number of elements. Therefore, for FD-MIMO enhancement it is desirable to consider automated solutions for TXRU virtualization, including involving UEs in the field, to reduce the operator costs for antenna optimization. For example, similar to minimization of drive tests (MDT), it may be beneficial to collect the channel measurements directly from UE transmissions, to enable a more optimal TXRU virtualization. More specifically, let’s consider a 2D antenna array [2] illustrated in Figure 1.

[image: image1.emf](0,0) (0,1) (0,N-1)

(M-1,N-1) (M-1,0)(M-1,1)

(1,0) (1,1) (1,N-1)


Figure 1: 2D antenna array defined in [2]
Mathematically, the received signal at the UE in an FD-MIMO system can be described by:
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where y is the Nr by 1 received signal vector; H is the Nr by Nt Nr×1 channel matrix precoding matrix; x is the Np by 1 data symbol vector; channel matrix; P is the Nt by Np n is the Nr by 1 noise vector; Nr is the number of receiving antennas; Nt is the number of antenna elements, and Np is the number of layers. If the employed antenna array is a 2D antenna array with two polarization as shown in Figure 1, Nr = 2NM and Nt is usually much greater than 8. For example, when N = 4 and M = 8, Nt = 64.

One approach to implement the FD-MIMO system is to virtualize the total Nt antenna elements into Nc = {1, 2, 4, 8} TXRUs and use one-to-one mapping from TXRU to CSI-RS antenna port. This allows implementing FD-MIMO technology with minimum cost. By doing so, the received signal mode (1) can be written as:
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where Pc is an Nt by Nc matrix; Pc is an Nc by Np matrix; 
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  is the effective channel matrix with dimensions Nr by Nc, and Nt = Nc K.
The proposed automated TXRU virtualization method is described by the following steps:
Step 1: The eNB estimates each UE uplink channel matrix Hs  from uplink sounding.
Step 2: The eNB calculates the composite channel covariance matrix Rave:

[image: image10.wmf]å

=

=

S

s

s

H

s

ave

S

1

1

H

H

R

                                                              
 (3)

where S denotes number of UEs in the cell served by the eNB.
Step 3: The eNB performs singular value decomposition (SVD) of the composite channel covariance matrix 
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where V.
and Δ  is a diagonal matrix of eigenvalues of Rave is the matrix of eigenvectors of Rave 
Step 4: The eNB uses the Nc strongest eigenvectors to construct the antenna virtualization matrix according to:
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where vn, n=1…Nc, denotes the n-th eigenvector of V.
Step 5: The UE measures the CSI from the CSI-RS of the Nc ports, quantizes the amplitude and phase of its preferred precoder using scalar quantization and feeds back the channel quality indicator (CQI) together with the quantized precoder to the eNB.
Then the design problem of Pd can be described as designing codebook or more generic principal eigen-beam quantization method for the effective channel 
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. It should be noted that due to the existence of spatial reciprocity in FDD systems [3],[4],[5],[6], the proposed 2D TXRU virtualization technique is applicable for both TDD and FDD systems. It should be also noted that the TXRU virtualization weights Pc derived from method described above may be also approximated by using the constant modulus TXRU virtualization vectors to achieve implementation advantages at the cost of some performance degradation due to suboptimal antenna weight selection.
Proposal:

· To reduce operational cost for operators in supporting FD-MIMO antenna deployment consider automated (MDT-type) approaches for TXRU virtualization that is based on the filed measurements from the UE signals.
3 LTE codebook design issue for automated approach of TXRU virtualization
Once the TXRU are virtualized the UE may be configured with NZP CSI-RS resource with the antenna ports directly mapped to the TXRU. The CSI feedback is then provided by the UE using the channel measurements on the reference signals of NZP CSI-RS resource. It should be noted that reusing LTE feedback to support CSI reporting for automated TXRU virtualization scheme described in Section 2 becomes problematic due to assumptions that were used in the design of the LTE codebook. More specifically, the constant modulus property is not well justified. More specifically Figure 2 shows the amplitude distribution of the elements corresponding to the 1st principle eigenvector of Pd. It can be seen that the resulting amplitude of the stronger cell-specific eigenbeams vn, e.g. the first eigenbeam and the second eigenbeam, is almost evenly distributed between 0 and 1. However, the resulting amplitude for the weaker eigenbeams, is more concentrated to smaller values. Considering that the design of 8 TX codebook is constant modulus, it may be concluded that further optimization to the existing codebook is required to support the proposed automated TXRU virtualization. 
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Figure 2: CDF of the 
[image: image22.wmf]1

r

 to 
[image: image23.wmf]8

r

 corresponding to the first principle eigen-vector
Proposal:
· Consider feedback enhancements for the precoding on TXRUs to support more generic automated TXRU virtualization schemes
4 Asymmetric TXU / RXU architecture
As mentioned in Section 2, the automated approach for TXRU virtualization requires uplink transmission from the UE for channel estimation on each receiving antenna of the eNB. For the full adaptive antenna array architecture, where each antenna element has a connection to individual TXRU, such channel estimation is feasible, however the implementation cost may be a concern in this case. In order to reduce the hardware cost associated with implementation of large number of TXRU, asymmetric configuration of TXU and RXU may be considered [7]. More specifically, to facilitate channel estimation on each antenna element, only RXU may use the individual connection to the antenna, while multiple antennas in the Tx mode may be virtualized to the reduced number of TXU.

Proposal:
· Consider asymmetric TXU and RXU architecture as one practical implementation choice for the FD-MIMO antenna array

5 Performance evaluation
In order to understand the expected performance benefits due CSI feedback enhancement, the FD-MIMO performance evaluation of UMa and UMi scenarios from 3GPP TR 36.873 were carried out for optional scenario with full buffer traffic model. In the analysis the baseline system is defined as conventional MIMO system with (10,2,2) antenna configuration which is virtualized using DFT precoding with common for all cells 1020 degree downtilt. In the ideal subspace system, all 40 antenna elements are virtualized into 8 antenna ports using the TXRU virtualization scheme described above and the principal eigen beam of Pd is un-quantized. The rest of the scenarios corresponds to the quantized eigenbeams with different number of bits per phase and amplitude. It can be seen from Table 1 that element-wise based eigen-beam quantization can achieve near optimum system performance with noticeable performance improvement over the conventional baseline system.
Table 1: Performance evaluate of the automated TXRU virtualization with different feedback schemes

	Evaluated FD-MIMO scenario
	UMa scenario (ISD = 500m)
	UMi scenario (ISD = 200m)

	
	Cell Avg., Mbps
	Cell Edge, Mbps
	Cell Avg, Mbps
	Cell Edge, Mbps

	Baseline, 1020 tilting, LTE codebook based feedback
	2.43 (100%)
	0.06 (100%)
	2.38 (100%)
	0.05 (100%)

	Ideal subspace (8 ports)
	2.74 (113%)
	0.07 (122%)
	3.67 (154%)
	0.085 (155%)

	3 bits amp, 3 bits phase
	2.59 (106%)
	0.068 (113%)
	3.41 (143%)
	0.082 (150%)

	2 bits amp, 4 bits phase
	2.6 (107%)
	0.067 (111%)
	3.41 (143%)
	0.082 (149%)

	3 bits amp, 2 bits phase
	2.4 (99%)
	0.066 (109%)
	3.02 (127%)
	0.078 (142%)

	2 bits amp, 3 bits phase
	2.56 (105%)
	0.071 (118%)
	3.28 (138%)
	0.074 (136%)


6 Summary

In this contribution we have provided our views on the possible channel state information feedback enhancement that should be considered for the following evaluations in FD-MIMO SI. The following proposals were made:

· To reduce operational cost for operators in supporting FD-MIMO antenna deployment consider automated (MDT type) approaches for TXRU virtualization that is based on the filed measurements from the UE signals.

· Consider feedback enhancements for the precoding on TXRUs to support more generic automated TXRU virtualization schemes
· Consider asymmetric TXU and RXU architecture as one practical implementation choice for the FD-MIMO antenna array
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