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1. Introduction
In the RAN 1 #87 meeting, the following has been agreed [1]. 
Agreements:
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 
· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
· Should consider different inter-panel phase calibration cases
· FFS QCL related aspects
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.
· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on
· Should consider different inter-panel phase calibration cases

Agreement:
· Consider the impact of the antenna panel array
· Study the impact of antenna panel array in NR CSI feedback design.
· Note: Different antenna panel may or may not be from same TRP.

Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· Linear combination based CSI feedback
· For example
· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis
· Linear combination of a basis
· Schemes may have orthogonal and/or non-orthogonal basis
· Quantization examples
· Magnitude and phase
· Real and imaginary
· Vector quantization
· Precoder / Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.
In [2], we shared our view on NR type I codebook design. In this contribution, we provide simulation results of proposed codebook structure under non-uniform calibrated multi-panel antennas.
 
2. Evaluated Antenna Structures
[bookmark: _GoBack]As agreed in 3GPP RAN1 #87 meeting, uniform, non-uniform array, calibrated and non-calibrated panels, different panels from same or different TRPs, coherent and non-coherent transmission are design considerations in NR CSI feedback or codebook. Among that, in this contribution, we evaluated the system with non-uniform array, calibrated panels, different panels from the same TRP with coherent transmission, in particular, we consider four different antenna panel patterns as in Figure 1.


					
(a) Antenna Panel Pattern A											(b) Antenna Panel Pattern B


								
[bookmark: _Ref470873426](c) Antenna Panel Pattern C											(d) Antenna Panel Pattern D
Figure 1 Evaluated Antenna Panel Patterns
Antenna elements in each box are virtualized into two ports, so the port configurations (Mg,Ng,M,N,P) in (a), (b), (c), and (d) are (1, 2, 1, 8, 2), (1, 4, 1, 4, 2), (1, 2, 2, 8, 2), and (2, 2, 2, 2, 2), respectively. Pattern A and B are one dimensional port layout while pattern C and D are two dimensional port layout. Pattern A, B and C are multi panels in horizontal domain only while pattern D is two dimensional multi panel. For these panel structures, we evaluated maximum beamforming gain as well as system level performance. For other than pattern B, one phase compensation value per dimension is required while three compensation values are required for pattern B. In order to reduce complexity, we used progressive phase shift based phase compensation for pattern B, i.e. DFT vector. 

3. [bookmark: _Ref471195819]Beam Pattern Analysis
In this section, we provide beam pattern analysis for each antenna panel pattern. For each antenna panel pattern, we evaluated release 13 Class A codebook under uniform array (no gap between different panels), Class A codebook under non-uniform array, and Class A codebook with phase compensation under non-uniform array. For all results, we used 102 degree downtilting as an antenna virtualization. Also, we used directional antenna pattern defined in [3], where 3dB beamdwidth for both horizontal and vertical angle is 65° with maximum sidelobe attenuation of 30dB and maximum 8dBi directional gain. We observed the maximum beamforming gain over all possible beams in each codebook in the range of 80° to 130° in vertical domain and -60° to 60° in horizontal domain.
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(a) Antenna Panel Pattern A									(b) Antenna Panel Pattern B
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(c) Antenna Panel Pattern C									(d) Antenna Panel Pattern D
Figure 2 Maximum Beamforming Gain for Different Codebook
From the simulation results, we can observe that loss of progressive phase shifting codebook (pure DFT) suffers when there are more to compensate, and it is more pronounced in two dimensional panel layout case. Also, we observe that additional co-phasing value provides almost same performance as uniform array. In other words, the additional co-phasing value compensates loss caused by non-uniform antenna spaces. 
To see the impact of antenna panel spacing, dg,H or dg,V, we compared maximum beamforming gain difference between with and without co-phasing value. We used spacing (panel gap in wavelength) between antenna spacing of closest antenna elements in two different panels not dg,H or dg,V to see impact of the gap.
Table 1 Average Maximum Beamforming Gain Difference (in dB)
	
	Panel Gap (in wavelength)

	
	1
	2
	2.5
	3.0
	4
	8

	Pattern A
	0.6429
	0.6806
	0.9587
	0.8273
	0.8728
	0.8412

	Pattern B
	0.7741
	0.8246
	1.1616
	1.0019
	1.0568
	1.0208

	Pattern C
	0.6429
	0.6806
	0.9587
	0.8273
	0.8728
	0.8412

	Pattern D
	0.7466
	1.1666
	1.3034
	1.4197
	1.4009
	1.3937



From the simulation results, we can observe that when panel gap relatively large, the impact of non-uniform array effect is similar for the given antenna panel pattern.

4. System Performance Evaluation
In this section, we provide system level performance results for different antenna panel patterns with different configuration. 
Table 2 Performance Gain of Co-phasing between Different Panels, Antenna Pattern A and Pattern C
	Traffic Load (λ)
	~20%, λ = 120, BW = 10 MHz
	~40%, λ = 200, BW = 10 MHz

	Panel Pattern and Panel Gap (in wavelength)
	A, 1.0
	A, 2.5
	C, 2.5
	A, 4.0
	A, 8.0
	A, 1.0
	A, 2.5
	C, 2.5
	A, 4.0
	A, 8.0

	Throughput Gain
	Average
	1.95%
	2.22%
	2.43%
	2.47%
	2.25%
	4.27%
	5.23%
	6.86%
	5.18%
	5.35%

	
	5% of CDF
	5.03%
	4.74%
	6.15%
	5.89%
	5.85%
	9.90%
	13.02%
	11.31%
	10.46%
	10.41%

	
	50% of CDF
	3.01%
	4.02%
	4.05%
	4.96%
	3.88%
	6.81%
	6.82%
	8.40%
	6.74%
	6.51%

	
	95% of CDF
	0.02%
	0.00%
	0.00%
	-0.02%
	0.00%
	0.04%
	0.13%
	0.16%
	0.13%
	0.11%



For one dimensional array with two panel (pattern A), as observed in section 3, the performance difference between different panel gaps is very similar. Also, the performance difference in two dimensional array (pattern C) is similar that of one dimensional array (pattern A).

Table 3 Performance Gain of Co-phasing between Different Panels, Antenna Pattern B
	Traffic Load (λ)
	~20%, λ = 120, BW = 10 MHz
	~40%, λ = 200, BW = 10 MHz

	Panel Gap (in wavelength)
	1.0
	2.5
	4.0
	8.0
	1.0
	2.5
	4.0
	8.0

	Throughput Gain
	Average
	1.97%
	3.87%
	3.21%
	3.59%
	4.92%
	9.75%
	8.93%
	10.61%

	
	5% of CDF
	4.65%
	8.63%
	8.23%
	7.44%
	9.32%
	18.57%
	18.36%
	19.17%

	
	50% of CDF
	3.13%
	6.68%
	5.06%
	5.88%
	6.32%
	12.64%
	12.40%
	15.08%

	
	95% of CDF
	0.02%
	0.02%
	0.02%
	0.02%
	0.04%
	0.25%
	0.25%
	0.25%



Table 5 Performance Gain of Co-phasing between Different Panels, Antenna Pattern D
	Traffic Load (λ)
	~20%, λ = 120, BW = 10 MHz
	~40%, λ = 200, BW = 10 MHz

	Panel Gap (in wavelength)
(Vertical, Horizontal)
	(2.0, 2.0)
	(8.0, 4.0)
	(2.0, 2.0)
	(8.0, 4.0)

	
Throughput Gain
	Average
	1.75%
	5.88%
	7.86%
	18.15%

	
	5% of CDF
	2.81%
	9.41%
	12.34%
	33.48%

	
	50% of CDF
	2.74%
	9.75%
	10.77%
	24.71%

	
	95% of CDF
	0.04%
	0.11%
	0.58%
	7.66%



System evaluation results show that additional co-phasing provide about 3-30% in cell edge gain and 2-18% average gain over legacy Class A codebook. Also, performance results confirm observations in section 3, which are
Observation 1. The impact of non-uniform array increases as the number of panels increases. 
Observation 2. Pure DFT based codebook suffers more for two dimensional than one dimensional panel array. 
Observation 3. Additional co-phase value compensates most of non-uniform array effect.
Observation 4. For the relatively large panel gap, the impact of non-uniform array effect is similar for the given antenna panel pattern.

5. Conclusion
In this contribution, we provided results for impact of multi-panel array and show potential gain of proposed codebook structure. In particular, we observed that
Observation 1. The impact of non-uniform array increases as the number of panels increases. 
Observation 2. Pure DFT based codebook suffers more for two dimensional than one dimensional panel array. 
Observation 3. Additional co-phase value compensates most of non-uniform array effect.
Observation 4. For the relatively large panel gap, the impact of non-uniform array effect is similar for the given antenna panel pattern.
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Appendix
Detail system level simulation assumption can be found in following table.
	Parameter
	Value

	Scenario
	Dense urban

	Layout
	Single layer: Macro layer: Hex. Grid

	Channel model
	3D UMa, ISD = 200 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz

	Tx power
	BS: 41 dBm

	UE distribution
	Uniform 20% outdoor (30 km/h), 80% indoor (3 km/h)

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP 1

	TRP association
	RSRP based
Handover margin = 3dB

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	Transmission mode
	DM-RS based SU-MIMO
Maximum rank of transmission is 2

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	Max HARQ transmissions
	4
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