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1. Introduction

At the RAN1 #80bis meeting [1], issues on CSI acquisition schemes were discussed in order to enable CSI acquisition for two dimensional and larger antenna configuration for 3D MIMO. For FDD system, candidate schemes are grouped into the following three categories, i.e.,:
· Beamformed CSI-RS-based schemes;

· Non-precoded CSI-RS-based schemes;

· Schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS.

and detailed text proposals are discussed and captured in [2]. With the current texts in the TR, it is pretty clear how the CSI-RS transmission and CSI feedback can be implemented. Another important issue with 3D MIMO CSI acquisition and downlink (DL) data transmission is the intrinsic precoding structure, which is supposed to be designed to efficiently exploit the spatial properties in both vertical dimension and horizontal dimension. The precoding structure may impact the CSI-RS beam design in the beamformed CSI-RS scheme and the codebook design in the non-precoded CSI-RS scheme.
In this contribution, we investigate the precoding structures and compare the system level performance of two candidate precoding structures.
2. 3D MIMO Precoding Structures
2.1. General Precoding Structure
The downlink MIMO transmission can be generally expresses as follows:
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Where H is the MIMO channel, W is the precoding matrix for data transmission, s contains multiple user data streams and v is the interference plus noise. The design of the precoding matrix W relies on the CSI-RS transmission, CSI measurement and CSI feedback. For beamformed CSI-RS-based schemes, the transmission of the CSI-RS signals, e.g., sCSI-RS can be expressed as follows:
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where the CSI-RS is beamformed by WCSI-RS before transmission. The UE makes the channel estimation of the equivalent channel HWCSI-RS and derives the feedback information. Different design of the WCSI-RS structure may require different feedback information. But in general, we can formulate the UE feedback information as a matrix C, where C can be a beam selection matrix reconstructed by UE beam index feedback; or it may contains certain codebook indicated by the UE PMI feedback. At the eNB side, the single-user (SU) precoder for data transmission can be formed by:
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For non-precoded CSI-RS-based schemes, the transmission of the CSI-RS signals, e.g., sCSI-RS can be expressed as follows:
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where the CSI-RS is transmitted without any precoding. The UE makes the channel estimation of the channel H and derives the feedback information using codebook based feedback. In non-precoded CSI-RS-based schemes, the single-user (SU) precoder is directly derived from the codebook. Taking the legacy codebook design, the precoder can be then expressed as:
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The above description for both beamformed CSI-RS and non-precoded CSI-RS based schemes has clarified the composition of the precoder w.r.t. the CSI-RS transmission requirement and the UE feedback requirement. However, it was not mentioned the intrinsic structure of the precoder. More specifically, it is desired to understand how a 2D precoder, is constructed based on the 1D vertical and horizontal precoders. For beamformed CSI-RS-based schemes, this intrinsic structure may be encoded in the CSI-RS precoder, i.e., in WCSI-RS by eNB implementation. Or it may rely on the overall CSI feedback framework. For instance, the CSI-RS precoder, i.e., WCSI-RS only manages the vertical beamforming whereas horizontal beamforming is encoded in C, which is derived based on UE feedback. In that sense, the way how WCSI-RS and C is combined to obtain W will determine the way how vertical beamforming is combined with the horizontal beamforming. For non-precoded CSI-RS-based schemes, the intrinsic precoding structure is encoded in the 2D codebook. 
2.2. Candidate precoding structures
In this section, we focus on the intrinsic structure of the 2D precoding, irrespective of whether it is implemented by beamformed CSI-RS or non-precoded CSI-RS. More specifically, we investigate how to combine the vertical precoding with horizontal precoding to create the overall 2D precoding.
· Full Kronecker structure: Joint precoding formed by Kronecker product of rank-1 vertical precoder and horizontal precoder
In this scheme, the 2D precoder is formed by Kronecker product of a vertical precoding vector and a horizontal precoding matrix, i.e.,:
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The use of rank-1 vertical precoding vector indicates that the data transmission for a single UE shall take place within a single vertical beam. The rank adaptation takes place only in the horizontal dimension. With this implementation, the vertical and horizontal beam adaptation is relatively independent controlled, which can reduce the implementation complexity.
· 2D beam selection
In this scheme, a co-polarized 2D beam set is first constructed, e.g., 
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where each wv is supposed to be applied to all TXRUs in the same column of the same polarization; and each wH is supposed to be applied to all TXRUs in the same row of the same polarization. The entire precoding is then formed by reusing the legacy two-stage codebook design, i.e.,:
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where W1 is formed by the 2D beams w2D specified above, e.g.,
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and W2 is for beam selection and defining the phase difference between two polarizations for each layer, which can be designed by reusing the principle of Rel. 10 8 TX and Rel. 12 4 TX codebook designs. With such a precoding structure, for multi-layer transmission, rank adaptation is allowed in both vertical and horizontal dimension as the w2D elements in W1 can be formed by any combination of candidate vertial and horizontal beams. However, it will cause very high processing complexity and larger RS or feedback overhead, compared to  the scheme based on Kronecker product of rank-1 vertical precoder and horizontal precoder.
To further illustrate the difference of the above two schemes, an illustrative picture is made in Figure 1.


[image: image10]
Figure 1: Illustrative compatison of two precoding structures.
3. Performance Evaluation
We provide system-level simulation results in order to verify the performance of the two candidate precoding structures. Major evaluation assumptions are summarized in Table A. The evaluation is performed in 3D-UMi environment with the eNB antenna configuration (M, N, P, Q) of (8, 2, 2, 8), (8, 2, 2, 16), (8, 4, 2, 16) and (8, 4, 2, 32). For performance comparison, we also provide a baseline performance with category 2 scheme. The baseline scheme assumes two CSI-processes with each of them being beamformed to two different vertical directions. For Kronecker based precoding structure, 8 candidate vertical beams are considered for wv. For antenna array of (8, 2, 2, x), the Rel. 12 4 TX codebook is used for generating the precoder WH covering the horizontal dimension and the two polarizations. For antenna array of (8, 4, 2, x), the Rel. 10 8 TX codebook is used for generating the precoder WH. For 2D beam selection based scheme, we consider 8 candidate vertical beams and reuse beams contained in the W1 of Rel. 12 4 TX codebook and Rel. 10 8 TX codebook for creating the 2D candidate beams per polarization for antenna array of (8, 2, 2, x) and (8, 4, 2, x) respectively. For rank-2 transmission, 512 different combinations of 2D beams are considered for the two different layers. The precoder W2 is made by fully reuse the W2 of Rel. 12 4 TX codebook and Rel. 10 8 TX codebook for antenna array of (8, 2, 2, x) and (8, 4, 2, x), respectively.
The performance of the above schemes is characterized by the mean, 5 % and 50 % user packet throughput (UPT) at different traffic load levels. The evaluation results of the UPT values for antenna array (8, 2, 2, x) and (8, 4, 2, x) are summarized in Table 1 and Table 2 respectively.
Table 1: Performance of precoding structures (8, 2, 2, 8 or 16)
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Table 2: Performance of precoding structures (8, 4, 2, 16 or 32)
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From the evaluation results, we observe followings.
Observation 1: Both enhanced precoding schemes, i.e., Full Kronecker and 2D beam selection, can provide sufficiently large gain over the baseline scheme, especially in the (8, 2, 2, x) array configuration.
· For antenna array of (8, 2, 2, x), 5%~13% gain and 14%~34% gain can be achieved by the enhanced schemes for mean and 5% UPT respectively in low traffic load case.

· For antenna array of (8, 2, 2, x), 18%~55% gain and 14%~34% gain can be achieved by the enhanced schemes for mean and 5% UPT respectively in high traffic load case.

Observation 2: The 2D beam selection based precoding scheme can provide certain performance benefit over the full Kronecker product based precoding scheme.
It shall be noted that the compared precoding schemes are implemented with different levels of complexity. To make a fair comparison, we also summarize the precoder size for each scheme in Table 3. In Kronecker product based scheme, a total number of 128 combinations of vertical beams and horizontal beams are considered and the multi-rank transmission per user takes place only in the same vertical beam. In 2D beam selection scheme, a total number of 512 combinations of vertical beams and horizontal beams are considered in order to enable transmitting different layers in different horizontal beams as well as in different vertical beams. 
Table 3: Comparison of the precoder size of the two candidate schemes
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Based on the above comparison, we shall also make the following observation and proposal:
Observation 3: The 2D beam selection based precoding scheme achieves performance gain with high processing complexity and may lead to high DL RS or feedback overhead.

Proposal: The Kronecker product based precoding structure can be taken as a baseline precoding structure. Other precoding structure can be considered if the performance benefit can be justified by also considering the potential increase of complexity and overhead.
4. Summary

In this contribution, we compared two candidate precoding structures which defines how the 1D vertical precoding and horizontal precoding are combined to form the 2D precoding. We conducted system-level evaluation on 3D-UMi scenario with 2 GHz. Based on the study we made the following observations and proposals.
Observation 1: Both enhanced precoding schemes, i.e., Full Kronecker and 2D beam selection, can provide sufficiently large gain over the baseline scheme, especially in the (8, 2, 2, x) array configuration.

· For antenna array of (8, 2, 2, x), 5%~13% gain and 14%~34% gain can be achieved by the enhanced schemes for mean and 5% UPT respectively in low traffic load case.

· For antenna array of (8, 2, 2, x), 18%~55% gain and 14%~34% gain can be achieved by the enhanced schemes for mean and 5% UPT respectively in high traffic load case.

Observation 2: The 2D beam selection based precoding scheme can provide certain performance benefit over the full Kronecker product based precoding scheme.
Observation 3: The 2D beam selection based precoding scheme achieves performance gain with high processing complexity and may lead to high DL RS or feedback overhead.

Proposal: The Kronecker product based precoding structure can be taken as a baseline precoding structure. Other precoding structure can be considered if the performance benefit can be justified by also considering the potential increase of complexity and overhead.
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Appendix
Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P, Q) = (8, 2, 2, 8), (8, 2, 2, 16), (8, 4, 2, 16), (8, 4, 2, 32)
(dH, dV) = (0.5 , 0.8 )

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

(low: ~20 % RU and high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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(8.4.2.16)

(8.4,2,32)

(M. N. P. Q)
Arrival rate Performance metric Baseline Full 2D beam Full 2D beam
(UE/sector/s) Kronecker selection Kronecker selection
Mean 35.6(100%) | 35.5(99%) 35.8(101%) | 36.0(101%) | 36.3(102%)
UPT ~
G (Mbits/s) 5% 12.6 (100%) 12.2(97%) 12.8(102%) 13.2(105%) 13.7 (109%)
50% 36.2(100%) | 36.5(101%) | 36.5(101%) | 38.1(105%) | 38.5(106%)
Resulting RU 19% 19% 19% 19% 18%
Mean 18.4(100%) | 20.0(109%) 19.7(107%) | 21.0(114%) | 21.5(117%)
UPT ~
4 (Mbitss) 5% 4.4(100%) | 5.2(118%) | 5.2(118%) | 5.8(132%) | 6.2(141%)
50% 14.5(100%) 16.1(111%) 15.6 (109%) 17.1(118%) 17.8(123%)
Resulting RU 60% 56% 57% 54% 53%
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(LN, P, O) (8.2.2,8) (8.2.2,16)
Arrival rate Performance metric Baseline Full 2D beam Full 2D beam
(UE/sector/s) Kronecker selection Kronecker selection
Mean 30.1(100%) | 31.7(105%) | 31.9(106%) | 32.4(108%) | 34.0(113%)
UPT ~
G (Mbits/s) 5% 8.6 (100%) 9.8(114%) 9.8(114%) 10.1(117%) 11.5(134%)
50% 27.4(100%) | 29.1(106%) | 29.5(108%) | 30.4(111%) | 33.6(123%)
Resulting RU 24% 23% 22% 22% 21%
Mean 12.1(100%) 14.3(118%) 16.5(136%) 18.0(149%) 18.7 (155%)
UPT ~
1o (Mbitss) 5% 2.2(100%) | 3.1(141%) | 3.5(159%) | 4.5(205%) | 4.6(209%)
50% | 8.6(100%) | 10.6(123%) | 12.4(144%) | 14.2(165%) | 14.6(170%)
Resulting RU 74% 65% 61% 58% 56%
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