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1. Introduction
In RAN1 #78bis, simulation assumptions for the three homogeneous network scenarios namely 3D-UMa ISD 500m, 3D-UMa ISD 200m and 3D-UMi ISD 200m are agreed with updates of [3] in [1].  In addition, it is agreed that vertical antenna element spacing and number of antenna elements with the same polarization in each column are (dV , M): (0.8λ, 8) respectively for homogeneous networks.  
In the email discussion [78bis-18], the downtilt angle for phase-1 simulations in FD-MIMO is agreed as follows: 
· θetilt = 100 degree for 3D-UMa ISD 500m, 3D-UMi ISD 200m 
· θetilt = 104 degree for 3D-UMa ISD 200m

Based on the simulation assumptions agreed, different 2D antenna array systems with 8TXRUs are evaluated.  In this contribution, we provide initial evaluation results and compare these antenna configurations with 8TXRUs under homogeneous network scenarios.

2.  Simulation method
With the same number of TXRUs, different antenna array configurations provide different performance due to different virtualization of horizontal and vertical antenna elements. In this contribution, three types of antenna array with 8 TXRUs are evaluated.  The three array types have same M but different N.  The value of N for these three types of array is 4, 2 and 1 as shown in figure 1. The vertical and horizontal antenna element spacing are 0.8λ and 0.5λ respectively.
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Figure 1: Different antenna array configurations with 8TXRUs
The feedback mode for simulation is PUSCH feedback mode 3-2.  TXRU has one to one mapping to CSI-RS ports so that the UE can obtain full dimension information of channel H formed by TXRUs.   Table 1 shows the full buffer results for three different antenna array types for 3D-UMi and 3D-UMa scenarios. 
The codebook for antenna array types 1 and 3 is Rel-10 8Tx codebook.  For antenna array type 2, it uses the codebook with the Kronecker product between two dimensions as it has different structure from the target structure of Rel-10 codebook.  It changes from the Rel-10 8Tx codebook from equation (1) to (2). 
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Since codebook is different for array type 1 and type 2, it may be hard to do fair comparison.  Thus, we evaluate these two types with ideal feedback of channel covariance matrix R which can be obtained from channel reciprocity via SRS in TDD system.  Here no SRS error modeled.   Tables 4 to 6 and tables 10 to 12 show the results with ideal channel covariance feedback.
The vertical antenna element spacing and number of antenna elements with the same polarization in each column (dV, M) is (0.8λ, 8). With M=8, the number of antenna elements of antenna array type 2 is only half of the number of antenna elements of antenna array type 1.  Here we compare the antenna arrays with the same number of antenna elements.  In tables 2, 5, 8 and 11, antenna array type 2 is compared to the 4TXRUs with the same number of antenna elements i.e. MxNxP=8x2x2.  For 4TXRUs case, 8 vertical elements are virtualized to one TXRU.  In tables 3, 6, 9 and 12, antenna array type 3 is compared to the 2TXRUs with the same number of antenna elements i.e. MxNxP=8x1x2.  For 2TXRUs case, 8 vertical elements are virtualized to one TXRU.  
3. Simulation results

3.1   Codebook based feedback with full buffer
	Antenna array
type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline -Type 1 (8,4,8)
	3.00 
	0.063
	2.94 
	0.056 
	2.93 
	0.059 

	Type 2  (8,2,4)
	2.51 (-16.5%)
	0.046 (-27.4%)
	2.66 (-9.6%)
	0.047 (-15.3%)
	2.59 (-11.6%)
	0.054 (-8.8%)

	Type 3 (8,1,2)
	2.18 (-27.4%)
	0.037(-41.1%)
	2.68(-9.0%)
	0.0467 (-16.6%)
	2.35 (-19.8%)
	0.049 (-17.5%)


Table 1: Full buffer simulation results with codebook based feedback for different antenna array types
	Antenna array

type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline-Type 2 (8,2,4)
	2.51 
	0.046 
	2.66 
	0.047 
	2.59
	0.054

	4TXRUs XPOL(8,2,8)
	2.55 (+1.8%)
	0.043 (-5.5%)
	2.51 (-5. 5%)
	0.039 (-16.1%)
	2.46 (-5.2%)
	0.039 (-28%)


Table 2: Full buffer simulation results with codebook feedback for 8TXRUs and 4TXRUs
	Antenna array

type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline -Type 3 (8,1,2)
	2.18 
	0.037 
	2.68
	0.0467 
	2.35
	0.049

	2TXRUs XPOL (8,1,8)
	2.24 (+2.8%)
	0.030 (-19.2%)
	2.23(-16.9%)
	0.028(-40.8%)
	2.09 (-10.9%)
	0.032 (-34.0%)


Table 3: Full buffer simulation results with codebook based feedback for 8TXRUs and 2TXRUs
3.2  Ideal channel covariance with full buffer for TDD
	Antenna array

type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline-Type 1 (8,4,8)
	3.29 
	0.067
	3.74
	0.062 
	3.18
	0.063

	Type 2  (8,2,4)
	2.75 (-16.4%)
	0.051 (-23.5%)
	 3.18 (-4.0%)
	0.059 (-5.5%)
	2.92 (-8.7%)
	0.059 (-5.8%)

	Type 3 (8,1,2)
	2.27(-30.8%)
	0.044 (-41.0%)
	2.78 (-12.6%)
	0.049 (-21.7%)
	2.58 (-19.1%)
	0.055 (-12.6%)


Table 4: Full buffer simulation results with ideal CSI for different antenna array types
	Antenna array

type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline -Type 2 (8,2,4)
	2.75
	0.051
	3.18 
	0.059
	2.92
	0.059

	4TXRUs XPOL(8,2,8)
	2.70 (-1.6%)
	0.048 (-5.52%)
	2.72 (-14.48%)
	0.045 (-24.19%)
	2.55 (-12.6%)
	0.045 (-24.15%)


Table 5: Full buffer simulation results with ideal CSI for 8TXRUs and 4TXRUs
	Antenna array

type

(M,N,K)
	3D-UMa 500m ISD
	3D-UMi 200m ISD
	3D-UMa 200m ISD

	
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)
	Average cell S.E.(bps/Hz)
	5% cell edge S.E. (bps/Hz)

	Baseline -Type 3 (8,1,2)
	2.27 
	0.044 
	2.78 
	0.049 
	2.58
	0.055

	2TXRUs XPOL (8,1,8)
	2.36 (+3.9%)
	0.036 (-17.8%)
	2.34 (-15.90%)
	0.031 (-37.0%)
	2. 21 (-14.2%)
	0.033 (-39.5%)


Table 6: Full buffer simulation results with ideal CSI for 8TXRUs and 2TXRUs
3.3 Codebook based feedback with FTP traffic 
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMa

ISD 500m
	Baseline -Type 1 (8,4,8)
	0.58
	24.41
	3.61
	18.87

	
	Type 2  (8,2,4)
	0.87
	14.02 (-42.6%)
	0.95 (-73.7%)
	8.38 (-55.6%)

	
	Type 3 (8,1,2)
	0.95
	11.89 (-51.3%)
	0.69 (-80.9%)
	6.12 (-67.6%)

	3D-UMi
	Baseline -Type 1 (8,4,8)
	0.58
	24.87
	3.84
	19.51

	
	Type 2  (8,2,4)
	0.67
	20.64 (-17%)
	2.43 (-36.9%)
	14.83 (-24%)

	
	Type 3 (8,1,2)
	0.77
	17.39 (-30.1%)
	1.59 (-58.7%)
	11.64 (-40.3%)

	3D-UMa

ISD 200m
	Baseline -Type 1 (8,4,8)
	0.56
	24.78
	4.00
	19.44

	
	Type 2  (8,2,4)
	0.69
	18.60 (-24.9 %)
	2.21 (-44.7%)
	13.27 (-31.7%)

	
	Type 3 (8,1,2)
	0.83
	14.17 (-42.8%)
	1.10 (-72.6 %)
	9.02 (-53.6%)


Table 7:  FTP1 simulation results with codebook based feedback for different antenna array types
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMa

ISD 500m
	Baseline -Type 2 (8,2,4)
	0.56
	24.78
	4.00
	19.44

	
	4TXRUs XPOL (8,2,8)
	0.69
	18.60 (-24.9 %)
	2.21 (-44.7%)
	13.27 (-31.7%)

	3D-UMi
	Baseline -Type 2 (8,2,4)
	0.67
	20.64
	2.43
	14.83

	
	4TXRUs XPOL (8,2,8)
	0.92
	14.69 (-28.8%)
	0.77 (-68.3%)
	8.42 (-43.2 %)

	3D-UMa

ISD 200m
	Baseline -Type 2 (8,2,4)
	0.69
	18.60
	2.21
	13.27

	
	4TXRUs XPOL (8,2,8)
	0.91
	13.94 (-25.1%)
	0.77 (-65.4%)
	8.01 (-39.6%)


Table 8: FTP1 simulation results with codebook based feedback for 8TXRUs and 4TXRUs 
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi
	Baseline -Type 3 (8,1,2)
	0.77
	17.39
	1.59
	11.64

	
	2TXRUs XPOL (8,1,8)
	0.98
	12.61 (-27.5%)
	0.65 (-59.2%)
	6.06 (-48.0%)

	3D-UMa

ISD 200m
	Baseline -Type 3 (8,1,2)
	0.83
	14.17
	1.10
	9.02

	
	2TXRUs XPOL (8,1,8)
	0.98
	11.39 (-19.6%)
	0.62 (-43.7%)
	5.22 (-42.2%)


Table 9: FTP1 simulation results with codebook based feedback for 8TXRUs and 2TXRUs
3.3 Ideal Channel covariance Feedback with FTP traffic for TDD
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMa

ISD 500m
	Baseline -Type 1 (8,4,8)
	0.53
	27.48
	4.59
	22.48

	
	Type 2  (8,2,4)
	0.81
	16.77 (-39.0 %)
	1.23 (-73.3 %)
	10.63 (-52.7 %)

	
	Type 3 (8,1,2)
	0.94
	12.84 (-53.3 %)
	0.69 (-85.0%)
	6.32 (-71.9 %)

	3D-UMi
	Baseline -Type 1 (8,4,8)
	0.56
	26.40
	4.17
	21.12

	
	Type 2  (8,2,4)
	0.60
	24.35 (-7.8 %)
	3.41 (-18.2 %)
	18.57 (-12.1%)

	
	Type 3 (8,1,2)
	0.72
	19.67 (-25.5 %)
	1.91 (-54.2%)
	13.50 (-36.1 %)

	3D-UMa

ISD 200m
	Baseline -Type 1 (8,4,8)
	0.54
	26.72
	4.42
	21.66

	
	Type 2  (8,2,4)
	0.63
	21.76 (-18.5 %)
	2.88 (-35.0%)
	16.36 (-24.5%)

	
	Type 3 (8,1,2)
	0.83
	15.07 (-43.6%)
	1.00 (-77.4%)
	9.30 (-57.1%)


Table 10: FTP1 simulation results with ideal CSI for different antenna array types
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi
	Baseline -Type 2 (8,2,4)
	0.60
	20.64
	2.43
	14.83

	
	4TXRUs XPOL (8,2,8)
	0.86
	14.69 (-28.8%)
	0.77 (-68.3%)
	8.42 (-43.2 %)

	3D-UMa

ISD 200m
	Baseline -Type 2 (8,2,4)
	0.63
	18.60
	2.21
	13.27

	
	4TXRUs XPOL (8,2,8)
	0.85
	13.94 (-25.1%)
	0.77 (-65.4%)
	8.01 (-39.6%)


Table 11: FTP1 simulation results with ideal CSI for 8TXRUs and 4TXRUs 
	Scenario
	Antenna array type
(M,N,K)
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi
	Baseline -Type 3 (8,1,2)
	0.72
	19.67
	1.91
	13.50

	
	2TXRUs XPOL (8,1,8)
	0.99
	11.25 (-42.8 %)
	0.66 (-65.3 %)
	6.15 (-54.4 %)

	3D-UMa

ISD 200m
	Baseline -Type 3 (8,1,2)
	0.83
	15.07
	1.00
	9.30

	
	2TXRUs XPOL (8,1,8)
	0.97
	11.70 (-22.4 %)
	0.64 (-35.9%)
	5.63 (-39.5 %)


Table 12: FTP1 simulation results with ideal CSI for 8TXRUs and 2TXRUs
It can be observed that the horizontal array i.e. type 1 performs the best in all the scenarios. Compared to antenna array type 1, antenna array types 2 and 3 have significant performance loss especially in 3D-UMa ISD 500m scenario.  The performance loss on cell edge is higher compared to cell average spectral efficiency.  This shows the coverage of the array types 2 and 3 are worse.  Similar trend is observed for both FTP and full buffer traffic but the loss is more significant.  Also, some of the resource utilization become more than 90% with types 2 and 3.
It also can be observed that less number of TXRUs degrades the performance significantly especially under 3D-UMi and 3D-UMa ISD 200m.  In other words, under the condition of keeping the same number of antenna elements, opening up more vertical antenna elements for more TXRUs to enable elevation beamforming provides significant gain especially for 3D-UMi and 3D-UMa ISD 200m case.
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Figure 2: Zenith angle of LoS direction distribution in 3D-UMa ISD 500m and 3D-UMi
Figure 2 shows the CDF distribution of zenith angle of the LOS path in 3D-UMa ISD 500m and 3D-UMi channel. It can be observed that 90% of the cases have zenith angle between 90°and 102°for 3D-UMa ISD 500m.  For 3D-UMi, the zenith angle is between  80°and 105°in 90% of cases.  Compared to 3D-UMa ISD 500m, larger range of zenith angle is observed for 3D-UMi. This can explain why elevation beamforming provides better performance in 3D-UMi case.  Therefore, less performance degradation is observed in table 1 for array type 3 under 3D-UMi comparing with 3D-UMa ISD 500m.  It is observed that under 3D-UMi, better performance can be obtained from doing elevation beamforming with array type 3 compared to the cases with less number of TXRUs in tables 3 and 4.  The performance gap is much less in 3D-UMa ISD 500m which means that elevation beamforming cannot provide significant performance gain. 
4. Conclusion

In this contribution, we discuss different antenna array configurations with 8TXRUs and provide evaluation results with different array types.  In addition, we evaluate different antenna array types with different feedback methods, with same number of antenna elements but different number of TXRUs.   Based on our evaluation results, we have the following observations:
Observation 1: For 8TXRUs, antenna array type 1 with horizontal array outperforms the antenna array types 2 and 3.

Observation 2: With the same number of antenna elements, opening up more vertical antenna elements for more TXRUs to enable elevation beamforming provides performance gain especially for 3D-UMi and 3D-UMa ISD 200m cases.
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Appendix A
Table A.1 Simulation parameters for small cell Scenario #1 deployment

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Number of UEs dropped within each macro geographical area
	30

	Channel Model
	 3D-UMa, 3D-UMi [4]

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46dBm 

	UE Speed
	3km/h


	Antenna configuration
	Transmitter: 8/4/2Tx cross-polarized antenna

Receiver: 2Rx cross-polarized antenna at UE

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2
Ideal channel covariance for TDD

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	Full buffer/

FTP model 1, File size is 0.5 MByte

Including medium load levels (e.g. RU 40% across all cells)

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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