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1 Introduction
In RAN#78bis, a set of simulation scenarios and assumptions were agreed [1], as well as one antenna array model. For this model, two initial options were defined [2].  This contribution considers the two defined antenna array model options and draws some conclusions on where they are most suitable, as well as identifies some shortcomings that lead to a proposal for a second antenna array model, extended to two dimensional virtualization.    Simulation results of the benefit of horizontal virtualization are provided to demonstrate the need for the 2D virtualization models.  Finally, since virtualization determines fundamental characteristics of antenna array behavior and since we consider the use of a few particular antenna models and virtualizations, we conclude that enhancements in this EBF/FD-MIMO study item [3] should not be restricted to exploiting solely these defined models.
2 2DAA model 1 and the two options 
Two initial TXRU to antenna virtualization models were defined in RAN1#78bis [2]: option 1 and option 2.  In the following, we compare these two options and draw some conclusions on where they are most suitable, as well as identify some shortcomings.
Option 1 makes it possible to have antenna ports distributed in vertical direction, where the ports have the same antenna pattern. It connects K antenna elements in a column to one TXRU using one set of virtualization weights.  It is assumed that only one tilt value is used and the weights are the same for all polarizations and antenna columns. 

Option 1 has the following benefits:

· Using the same antenna pattern across TXRUs maintains similar received power at the UE from the TXRUs, and so makes option 1 well suited to spatial multiplexing

· The use of a linearly spaced array of elements having the same antenna pattern is consistent with current LTE MIMO designs. 

· Each antenna element is connected to only 1 TXRU, keeping the virtualization simple.

On the other hand, option 1 has the following drawbacks:

· Using a single fixed tilt within a column severely restricts elevation patterns 

· For example, a beam can’t be effectively steered upward for vertical sectorization or UE specific beamforming

· Horizontal virtualization is precluded

· Using a single fixed virtualization across columns precludes RF-based 2D sectorization or 2D UE transparent beamforming

· Reference signals transmitted on one TXRU do not have the full array gain and the coverage of the cell may thus be compromised
· Broadcast channels using these RS as phase references will not have the full array gain.

Option 2 creates an independent elevation beam for each TXRU, and so each beam can carry an antenna port.  All M antenna elements in a column are connected to each TXRU using a fixed set of virtualization weights for that TXRU.  The weights do not vary across columns.

Option 2 has the following benefits:

· Reference signals transmitted on one TXRU can have the full array gain

· Broadcast channels using these RS can have the full array gain.  

· Vertical sectorization and UE transparent beamforming are well supported.

Option 2 has the following drawbacks:

· Horizontal virtualization is precluded 

· Using a single fixed set of virtualizations across columns precludes RF-based 2D sectorization or 2D UE transparent beamforming

· Using different antenna patterns between TXRUs leads to different received power at the UE from the TXUs, and so makes it less suited to spatial multiplexing
· Each antenna element in a column is connected to all TXRUs for this column, and so TXRU outputs must be combined 

· This increases transmit chain complexity as compared to option 1 in case of analog (RF-based) implementation.

3 2DAA model 2 and two options

Comparing the two options in the previous section, we see that they complement each other with respect to tradeoffs between spatial multiplexing and having the full array gain for signals transmitted on a TXRU as well as the ability to support vertical sectorization.  However, they also both lack the ability to support RF-based 2D sectorization and 2D UE transparent beamforming.  This means that each column must use two TXRUs (one per polarization) to support 2D sectorization or 2D UE transparent beamforming, rather than allowing a smaller number of TXRUs than the number of columns.  Furthermore, using a fixed set of virtualization weights across columns precludes mapping a TXRU to an (either fixed or adaptive) RF-generated beam or sector, restricting eNB flexibility.  Since the basic behaviors of virtualization with respect to antenna port reduction and tradeoffs between RF-based and baseband virtualization should not be different between the azimuth and elevation domain, it seems quite artificial to preclude virtualization techniques available for the elevation domain from being used for azimuth domain.
Observations:
· Fundamental behaviors of virtualization are the same in azimuth and elevation domains.

· The asymmetry between horizontal and vertical virtualization capabilities in options 1 and 2 seems artificially limiting
· 2DAA model 1 options 1 and 2 lack the ability to support RF-based 2D sectorization and 2D UE transparent beamforming
· This can increase the number of needed TXRUs to support horizontal sectorization. 

· It also limits the flexibility in mapping TXRUs to RF generated beams

Proposal: 
Extend the 2DAA model 1 options in [1] to include 2D virtualization with model 2, where:
· Model 2 option 1 connects
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· Model 2 option 2 connects 
[image: image5.wmf]M

rows using weight vectors 
[image: image6.wmf]j

w

and 
[image: image7.wmf]H

K

 columns using weight vectors 
[image: image8.wmf]i

v

 to a TXRU.
3.1 Model 2 Details
Model 2 has two options, similar to model 1.  For a given angle in azimuth, a vector of horizontal virtualization weights is used for each vertical set of weights corresponding to an elevation.  
Since fixed virtualization weights are assumed vertically in model 1, the most straightforward extension to option 1 is to assume that a set of fixed horizontal virtualization vectors 
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 is used with the vertical virtualization weight vector 
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for each column, and the composite weight vector can be expressed as a Kronecker product: 
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are the number of elements virtualized per row and per column, respectively).  
Model 2 option 2 is a similar extension of option 2 in model 1, where a fixed set of horizontal virtualization vectors is used, but each horizontal vector applies to each of the vertical virtualization vectors.  The composite weights for the ith azimuth and the jth elevation are then: 
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Proposal:

· Extend model 1 with options 1 and 2 to model 2 with options 1 and 2 to support 2D virtualization and UE specific beamforming.

· A single set of horizontal virtualization weight vectors is used, and applies to each vertical virtualization vector.

· Equivalently: the composite virtualization weights for model 2 options 1 and 2 can be expressed as 
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, respectively, where 
[image: image24.wmf]w

and 
[image: image25.wmf]v

correspond the vertical and horizontal virtualization weight vectors.
4 General antenna modeling aspects

More virtualization approaches are possible than the models defined in [2] and as extended above.  Virtualization affects almost every metric of an antenna array, including beamwidth, boresight angles & nominal tilt, sidelobe magnitude, scan loss, etc.  From a standardization perspective, virtualization defines the antenna ports a UE receives data on and measures for CSI feedback, and so virtualization should be carefully exploited to provide the best performance while minimizing the effort a UE must make while connected to the array.  Finally, virtualization should be flexible enough to support a wide variety of deployment scenarios and associated UE distributions.  

This need for flexibility while minimizing impact on the UE when it is to operate in a variety of network scenarios and radio conditions has led to the basic principle in LTE that virtualization should be transparent to the UE as much as possible.  In order to maximize this flexibility, the network should be free to vary an antenna port’s virtualization in a dynamic way while still allowing the UE to receive data and/or measure on the antenna port.  Similarly, the network should be able to e.g. use amplitude taper or to map arbitrary combinations of antenna elements to antenna ports.

Proposals:
· Studied methods should allow for time varying antenna element to antenna port mappings.

· Antenna virtualization techniques are not restricted to those in [2] and can be determined by proponents.

5 Horizontal Sectorization with 2D antenna arrays

One of the simple deployment options of 2D antenna arrays is 2D sectorization, where fixed beams are formed and each is associated with a cell/sector.  Because two dimensional sectorization can be used in a standard transparent way, it allows performance improvements for legacy UEs.  This simplicity and the ability to exploit extra array aperture in a transparent way then makes 2DAAs an important use case for horizontal virtualization. 

Some system simulations are performed to study potential UE throughput gains with simple horizontal sectorization with 2D antenna arrays under homogeneous network deployment scenarios. Two horizontal sectors are formed within each cell of a traditional 3-cell site with one vertical sector.  Both 3D UMa and 3D UMi channel models are investigated. The detailed simulation parameters are listed in the Appendix.

The results for 3D UMi are summarized in Table 3 and Table 4 below. A single column array, 4x1 or 8x1, with one sector was used as the baseline for comparison. It can be seen that in the 3D UMi case, 13% and 21% mean UE throughput gains and 48% and 74% cell edge UE throughput gains have been achieved with horizontal sectorization with 4x2 or 4x4 2D array, respectively.  Similar gains are seen with 8x2 and 8x4 arrays.  It can be further observed that in the 8 and 4 row arrays, horizontal virtualization with 4 columns to 2 sectors provides an extra 5-8% average cell throughput increase, and a 26-28% increase in cell edge throughput.
Table 3. Results of horizontal sectorization with (4xN) 2D array under 3D UMi

	Antenna config.
	Horizontal 
sectors
	UE throughputs gain at 50% baseline resource utilization

	
	
	Average
	Cell edge

	4x1
	1
	0
	0

	4x2
	2
	13%
	48%

	4x4
	2
	21%
	74%


Table 4. Results of horizontal sectorization with (8xN) 2D array under 3D UMi
	Antenna config
	Horizontal sectors
	UE throughputs gain at 50% of baseline resource utilization

	
	
	Average
	Cell edge

	8x1
	1
	0
	0

	8x2
	2
	16%
	47%

	8x4
	2
	21%
	75%


The results for 3D UMa are summarized in Table 5 aTable 6nd . It can be seen that in the 3D Uma case, 6% to 11% mean UE throughput gains and 31% to 47% cell edge UE throughput gains have been achieved with horizontal sectorization with 4x2 or 4x4 2D array.  Similar gains are seen with 8x2 and 8x4 arrays.  It can be further observed that in the 4 row arrays, horizontal virtualization with 4 columns to 2 sectors provides an extra 5% average cell throughput increase, and a 16% increase in cell edge throughput.
Table 5. Results of horizontal sectorization with (4xN) 2D array under 3D UMa

	Antenna config.
	Horizontal 
sectors
	UE throughputs gain at 50% baseline resource utilization

	
	
	Average
	Cell edge

	4x1
	1
	0
	0

	4x2
	2
	6%
	31%

	4x4
	2
	11%
	47%


Table 6. Results of horizontal sectorization with (8xN) 2D array under 3D UMa

	Antenna config
	Horizontal sectors
	UE throughputs gain at 50% of baseline resource utilization

	
	
	Average
	Cell edge

	8x1
	1
	0
	0

	8x2
	2
	7%
	29%

	8x4
	2
	TBD
	TBD


Observations:  

· Significant UE throughput gain, especially cell edge throughput, can be achieved for 3D UMi and 3D UMa with two-sector horizontal sectorization compared to that with a single sector.

· Horizontal virtualization from 4 antennas to two sector beams further improves throughput, particularly for cell edge UEs.
6 Conclusion
This contribution has considered the two antenna model options defined so far in the EBF/FD-MIMO study.  Observations on their shortcomings and the basic similarities between virtualizing vertically and horizontally led to a proposal to extend them to two dimensional virtualization.  Simulation results of the benefit of horizontal virtualization were provided to demonstrate the need for the 2D virtualization models.  Finally, since virtualization determines fundamental characteristics of antenna array behavior, while defined antenna modeling options can be useful to align simulation results and help establish required UE behaviors, the antenna elements and their virtualization should remain transparent to the UE, and 2DAA designs in the EBF/FD-MIMO should not be restricted to exploiting solely these models.  We therefore make the following proposals:
Proposals:

· Extend the 2DAA model 1 options in [1] to include 2D virtualization with model 2, where:

· Model 2 option 1 connects
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· Model 2 option 2 connects 
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· The composite virtualization weights for options 1 and 2 can be expressed as 
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· Studied methods should allow for time varying antenna element to antenna port mappings.

· Antenna virtualization techniques are not restricted to those in [2] and can be determined by proponents.
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8 Appendix: Simulation Parameters
	Simulation parameter
	Value

	channel model
	3GPP 3D UMi, 3D UMa

	system bandwidth
	10MHz

	carrier frequency
	2GHz

	BS antenna configurations
	(MxN) = 4x1, 4x2, 4x4, 8x1, 8x2, 8x4, X-pol

	antenna element spacing:
	0.8 lambda vertical , 0.5 lambda horizontal

	Polarization antenna modeling
	model-2 of 36.873 [4]

	UE antenna configuration
	2-Rx, X-pol , isotropic

	UE speed
	3km/h

	Cell selection
	Single Port Cell Selection

	handover margin
	3dB

	wrapping method
	radio distance based

	CSI Feedback
	PUSCH 3-2

	 
	feedback delay: 6ms;  feedback periodicity:  5ms 

	 
	precoding scheme:  Rel-8 2-port codebook

	Traffic model
	FTP model 1, 100kB packet size

	Scheduler 
	proportional fair, frequency selective

	Receiver
	MMSE-IRC

	 
	channel estimation: ideal

	HARQ 
	IR, maximum retransmissions: 5 

	OLLA
	10% BLER

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation

	Overhead
	3 symbols for DL CCHs, 2 CRS ports
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