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1. Introduction

In [1], it was agreed to study the performance benefits of standards enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases: phase 1 for baseline performance evaluation and phase 2 for enhancement study. This contribution provides some observations on standards-transparent approaches for 3D MIMO transmission. 
2. Non-precoded CSI-RS with Multiple CSI Processes
For vertical beam steering, a single vertical antenna port/TXRU comprises of several antenna elements located in the same vertical column and polarization for simplicity. As with any other reference antenna port, the radio resources used for transmitting reference signals of different vertical ports would need to be orthogonal to each other. The orthogonality can be guaranteed by frequency/time domain orthogonal radio resource allocation, use of orthogonal sequences, and/or additional orthogonal cover codes. 
For the category of using non-precoded CSI-RS for CSI feedback enhancement, the eNB can configure both horizontal and vertical channel measurements and feedback CSI information by multiple CSI processes. With this approach, the UE does not need to know whether pre-configured CSI-RS is for vertical or horizontal channel measurement. The eNB can configure CSI measurement by high level signalling and acknowledge UE the configuration of CSI-RS ports, codebook selection, etc. in corresponding CSI process configuration. Then the reconstruction of a true 3D CQI is the main issue at the eNB since the vertical and horizontal CSI are feedback independently. It has been noted in [2] that the 3D CQI reconstruction can be simplified significantly if the 3D codebook is designed based on the principle of Kronecker product. 
More details are given below. Following Kronecker PMI definition in [4], a 3D CQI can be approximated as: 
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and ‘i’ is the interference source index, ‘P’ is the power in linear scale, subscript ‘N’ denotes the noise, subscript ‘h’ and ‘v’ denote horizontal and vertical, respectively. The CQI definition in this section is linear SINR for system level simulation.
It can be seen that the value of factor 
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 is generally determined by the noise and per dimension interference power ratio. It is generally difficult to obtain an accurate 
[image: image4.wmf]a

 in practice due to the estimation of vertical and horizontal domain interference. However we have following observations:
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2) For an interference dominant scenario, i.e., 
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3) For a noise dominant scenario, i.e., 
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These observations have been verified by simulation results below. 
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Figure 1. CDF of 3D CQI
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Figure 2. CDF of instantaneous difference of 3D CQI
Following notations are used in Figures 1 and 2:
· “CQI_ideal_3D” denotes SINR values calculated directly from ideal 3D channel (with V4H4 TX (16TXRU) configuration at eNB side, 2 RX at UE side, thus a 2x16 3D channel matrix);

· “CQI_ideal_KP” denotes SINR values calculated by using a 3D channel constructed from Kronecker product of averaged H columns and averaged V columns of the V4H4 channel matrix. It means that the channel estimation at V and H domains are roughly ideal without any quantization error.  Then a single 3D CQI is determined by a composite channel based on KP. 
· “CQI_realistic_KP” denotes SINR values calculated by firstly calculating H and V CQI using legacy LTE 2D approach for H and V dimension separately and then reconstruct a 3D CQI by taking  the sum of them (CQI_H+CQI_V). Note that, in this approach, LTE Rel-8 4Tx codebook is used for vertical PMI quantization.
Figure 1 and Figure 2 show that KP based CQI can be taken as an estimation of ideal 3D CQI with up to 3dB error for cell edge UEs. However such a mismatch between a real 3D CQI based on perfect CSI at the UE and a reconstructed 3D can be compensated by OLLA. As we state in [4], updating rate of vertical PMI is roughly around 100ms so that its coherent time can be dramatically larger than coherent time of horizontal PMI which is around 5ms. Depending on the design of vertical PMI, its coherent time can be even large if the codebook granularity is further reduced. Please also note that the difference between CQI_ideal_KP and CQI_ideal_3D may also come from the assumption of KP during channel quantization. In other words, a real 3D MIMO propagation channel may not strictly follow KP all the time. Therefore a joint/single 3D CQI derivation at UE side based on KP may not really help since some of CSI information cross both vertical and horizontal domains has been lost.  
3. Precoded CSI-RS with Multiple CSI Processes
For the category of using precoded CSI-RS for CSI enhancement, we propose to reuse current horizontal port definitions and configurations. For a R11 and above, precoded CSI-RS can be implemented by enabling multiple CSI-RS configurations originally designed for CoMP UEs’ cross-cell CSI measurements. The major benefit of such a solution is that it can avoid new CSI-RS pattern definitions. The vertical TXRU would be precoded and embedded into each horizontal CSI-RS port. The UE will be configured with multiple CSI processes by high layer signalling where each CSI process will be used to probe 3D beamforming gain for one vertical precoding. Please note that the UE has no knowledge about the procedure of vertical precoding and will do normal horizontal PMI/RI/CQI measurement for horizontal CSI-RS ports where vertical beamforming gain has been embedded inside. 
The disadvantage of such an approach is that the number of vertical precoders would be limited by the maximum number of parallel CSI processes. However such a drawback can be relieved if we combine non-precoded CSI-RS (section 2) and precoded CSI-RS (section 3) approaches. We can use non-precoded CSI-RS to select a coarse vertical PMI firstly with a slow updating, and then use precoded CSI-RS (e.g. only 2 CSI processes) to do a finer vertical PMI selection with a relatively fast updating. It can also avoid the concern of 3D CQI reconstruction or any specification changes. 
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Figure 3. Illustration of multiple CSI process with precoded CSI-RS.
4. Simulation Results
We evaluated the full buffer and non-full buffer performance for 2D antenna array with 3 CSI process configurations in UMi/UMa case with different TXRU configurations. The CSI-RS of each process is precoded with different downtilts (UMa: {95, 100, 110}; UMi: {80, 95, 110}). For FDD SU, rank adaptation is adopted with maximum 2 streams per UE. For FDD SU case, rank adaptation is adopted, and up to 2 streams per UE. For FDD MU case, dynamic SU/MU switching is adopted with maximum 1 stream per UE. For TDD with channel reciprocity, SU/MU dynamic switching is adopted, and up to 2 UEs per transmission with up to 2 streams per UE.
Table 1. Full buffer system performance of precoded CSI-RS with FDD
	MIMO Schemes (M,N,P,Q)
	UMa (ISD 500m) FDD
	UMi (ISD 200m) FDD

	Spectrum efficiency [bits/s/Hz]
	SU
	(8,2,2,4)
	Average
	1.70 (0%)
	1.71 (0%)

	
	
	
	5% UE
	0.043 (0%)
	0.048 (0%)

	
	
	(8,2,2,8)
	Average
	1.78 (+4.71%) 
	1.84 (+7.6%)

	
	
	
	5% UE
	0.059 (+37.21)
	0.064 (+33.33%)

	
	MU
	(8,2,2,4)
	Average
	N/A
	1.79 (0%)

	
	
	
	5% UE
	N/A
	0.051 (0%)

	
	
	(8,2,2,8)
	Average
	N/A
	1.91 (+6.7%)

	
	
	
	5% UE
	N/A
	0.069 (35.29%)


Table 2.  Non-full Buffer Performance of non-precoded/precoded CSI-RS with FDD
	Scenario
(M,N,P,Q)
	Precoded CSI-RS

(File arriving rate = 2.5)
	Non-precoded CSI-RS

(File arriving rate = 2.5)

	
	RU
	5%
	50%
	Mean
	RU
	5%
	50%
	Mean

	3D-UMi, 200m/2GHz
(8,2,2,4) SU
	67%
	2.18
(0%)
	11.09
(0%)
	13.28
(0%)
	67%
	2.18
(0%)
	11.09
(0%)
	13.28
(0%)

	3D-UMi, 200m/2GHz
(8,2,2,8) SU
	63%
	3.98
(82.8%)
	12.18
(9.83%)
	13.70

(3.16%)
	63%
	4.19
(92.2%)
	12. 18
(9.83%)
	13.71
(3.24%)

	3D-UMi, 200m/2GHz
(8,2,2,4) MU
	61%
	4.15

(0%)
	13.23

(0%)
	14.13

(0%)
	61%
	4.15

(0%)
	13.23

(0%)
	14.13

(0%)

	3D-UMi, 200m/2GHz
(8,2,2,8) MU
	60%
	5.84

(40.7%)
	14.2

(7.33%)
	15.64

(10.7%)
	60%
	5.95

(43.4%)
	14.76

(11.6%)
	16.01

(13.3%)


Note:  For non-precoded CSI-RS with two CSI-processes in Table 2, new vertical codebook has been used for vertical CSI process and channel quantization. 
Table 3. Full buffer system performance of non-precoded CSI-RS with Reciprocity
	MIMO Schemes (M,N,P,Q)
	UMa (ISD 500m) TDD
	UMi (ISD 200m) TDD

	Spectrum efficiency [bits/s/Hz]
MU (up to 4 streams)
	(8,2,2,4)
	Average
	2.65 (0%)
	2.59 (0%)

	
	
	5% UE
	0.043 (0%)
	0.059 (0%)

	
	(8,2,2,8)
	Average
	2.66 (+0.38%)
	2.81 (+8.49%)

	
	
	5% UE
	0.066 (+53.49%)
	0.079 (+33.90%)

	
	(8,2,2,16)
	Average
	2.79 (+5.28%)
	3.11 (+20.08%)

	
	
	5% UE
	0.078 (+81.40%)
	0.094 (+59.32%)

	
	(8,4,2,8)
	Average
	3.1 (+16.98%)
	3.08 (+18.92%)

	
	
	5% UE
	0.08 (+86.05%)
	0.082 (+38.98%)


Table 4.  Non-full Buffer Performance of non-precoded CSI-RS with Reciprocity (up to 4 streams)
	Scenario
(M,N,P,Q)
	Medium RU ~50% 

(File arriving rate = 2.5)
	High RU ~70%
(File arriving rate = 4)

	
	RU
	5%
	50%
	Mean
	RU
	5%
	50%
	Mean

	3D-UMa, 500m/2GHz
(8,2,2,4)
	32%
	7.46 (0%)
	18.14
(0%)
	19.42
(0%)
	67%
	3.68

(0%)
	12.82

(0%)
	14.28
(0%)

	3D-UMa, 500m/2GHz
(8,2,2,8)
	30%
	8.98
(20.4%)
	18.57
(2.4%)
	19.48

(0.3%)
	63%
	4.66

(26.6%)
	14.39
(12.2%)
	15.62
(9.4%)

	3D-UMa, 500m/2GHz
(8,2,2,16)
	29%
	9.28
(24.4%)
	19.70
(8.6%)
	19.88
(2.4%)
	
	
	
	

	3D-UMi, 200m/2GHz
(8,2,2,4)
	41%
	6.56

(0%)
	16.81
(0%)
	17.79
(0%)
	79%
	3.25

(0%)
	12.08
(0%)
	13.82
(0%)

	3D-UMi, 200m/2GHz
(8,2,2,8)
	40%
	7.84

(19.5%)
	17.47

(3.9%)
	18.36
(3.2)
	68%
	4.04

(24.3%)
	13.03
(7.9%)
	14.56
(5.4%)

	3D-UMi, 200m/2GHz
(8,2,2,16)
	34%
	8.17
(24.5%)
	18.96
(12.8%)
	18.84
(6.0%)
	
	
	
	


5.  Conclusion
In this paper, we analyzed the possible enhancement requirement for CSI-RS and CSI feedback based on our preliminary observations from the 3D MIMO study. We proposed the CQI combination method for non-precoded CSI-RS with multiple CSI processing with the independent vertical and horizontal CQI feedback. The simulation verified that the proposed method shows good approximation between combined CQI feedbacks whilst reducing the user equipment complexity.
We also provide the UE transparent schemes in 3D MIMO system with precoded CSI-RS with multiple CSI processes. The simulation results with precoded CSI-RS have been provided in this contribution. It can be observed that the precoded CSI-RS scheme has better performance for cell edge users both in SU and MU case by reusing the existing CoMP configuration to realize multiple CSI processes.
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Appendix: Simulation Assumptions 

Table A: Phase 1 Evaluation Assumptions

	Parameter
	Value

	Homogeneous scenarios
	3D-UMa with ISD = 500m in 2GHz, 46 dBm

3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model -2 from 36.873

	Duplex
	FDD/TDD

	Traffic model 
	Full Buffer

FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU)

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the eNB 

	Transmission scheme
	FDD/TDD,  SU/MU-MIMO with rank adaptation

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling
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