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1 Introduction
In RAN#78bis, a set of simulation scenarios and assumptions were agreed [1], and two options for antenna models were defined [2].  This contribution considers the antenna model option 1 and presents some simulation results for different antenna configurations given a total of 8 antenna ports. 
2 Standard modifying schemes for 8TXRU

In this section we briefly discuss some potential standard changes in this study item. The standard specification to support eight TXRU with a potential 2D antenna port distribution will be considered here as this is the focus for this meeting. The next RAN1 meeting will extend this discussion to more than 8 TXRU if gains can be observed from simulations. 

In general, the configuration of antenna ports should be flexible so that a large number of possible array configurations are possible. This is because the best configuration for a certain site or scenario depends on so many external factors such as traffic density distribution in vertical and elevation domain, on different front end building practice, on whether a fully digital or a hybrid analog/digital beamforming solution is used etc.

This contribution only deals with basic and necessary RAN1 standard changes related to the hardware changes by the increase of the number of TXRU/antenna ports. 

When restricted by 8 TXRU, there are many standard transparent possibilities to enhance the performance. However, there is a possibility to arrange the antenna ports in both vertical and horizontal, i.e. a 2D antenna array which then may need standard changes for efficient operation. This is under the condition that such 2D antenna array arrangement can provide any benefit over standard transparent solutions. 
One possibility is to introduce a 2D grid of beam precoder codebook where a beamforming vector is selected for the horizontal and the vertical array dimension respectively, i.e for each dimension a precoder is chosen from a separate codebook. The beamforming weights to apply to each TXRU could then be obtained as the Kronecker product of the horizontal and vertical precoding vector. Expressing this using the factorized codebook terminology, the rank 1 precoder would look like
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where W0 and W1 are the selected horizontal and vertical beamforming vectors respectively. This structure allows for flexible support of a wide range of different 2D antenna arrays, including the 1D-vertical and 1D-horizontal array if the length of the horizontal and vertical beamforming vectors is parameterized and can be configured independently. 
3 Simulation setup
The Option 1 antenna virtualization, as defined in RAN1#78bis [2], makes it possible to have multiple antenna ports in elevation, where the ports have the same antenna pattern since the weights (w1,…,wK) are the same for each subarray. See the figure below for TXRU to antenna association in Option 1. 
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Hence, option 1 maps K consecutive antenna elements from a column to one TXRU using a set of virtualization weights originating from a designed tilt value. These virtualization weights are used for all existing groups of K sub-elements, where each group corresponds to one TXRU. Hence, the virtualization weights do not vary across columns or polarization. 
We will in these simulations assume that cell selection is based on port 0 and will investigate four different antenna layouts as illustrated in Figure 1:  
a) A reference two port scheme where (M,N,P,K) = (8,1,2,8). This corresponds to a single cross polarized column antenna with a single tilt applied according to the option 1 virtualization. There is one antenna port per polarization.
b) A reference eight port scheme where the Rel-10 8TX codebook is used with (M,N,P,K) = (8,4,2,8). This corresponds to four cross polarized column antennas with a single tilt applied according to the option 1 virtualization. Here there are four horizontal antenna ports per polarization. This is the same setup as for the phase 1 calibration and thus needs no standard modifications.
c) A 2D antenna port distribution scheme using eight ports and a grid of beams codebook with (M,N,P,K) = (16,2,2,8). This corresponds to two cross polarized column antennas with a single tilt applied according to the option 1. Hence, the virtualization is applied to each subarray of size K=8. There will be four ports per polarization and precoding is done in the vertical as well as the horizontal domain.

d) A 1D antenna port distribution in vertical domain using a grid of beams codebook with (M,N,P,K) = (32,1,2,8). This corresponds to one cross polarized column antenna with a single tilt applied according to the option 1 virtualization. Hence, the virtualization is applied to each subarray of size K=8. Here there will be four ports per polarization and precoding is done in the vertical domain. 

For all the systems above precoding is also carried out over the polarizations and for all the layouts we will use tilt values agreed upon in the e-mail discussions after RAN1#78bis regarding electrical tilt angles for phase-1 simulations in homogeneous scenarios. The conclusion was that the tilt angles in Table 1 can be used for common tilt values.

Table 1 Common tilt values

	Channel 

Model
	ISD
	Carrier Frequency
	Tilt

	3D-UMa 
	500m
	2 GHz
	100 deg.

	3D-UMi
	200m
	2 GHz
	100 deg.
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Figure 1. Illustration of the simulated antenna configurations. Each rectangle corresponds to a single cross polarized column antenna with K=8 antenna elements and a single tilt applied according to the option 1 virtualization. 
It should be noted that standard changes related to codebook design may be needed only for scheme c). 

Observations:

· System (b), (c) and (d) use the same number of antenna ports and the same total number of sub-elements. 
· Regarding the precoding we note that

· System (b) performs UE specific precoding in the horizontal direction

· System (c) performs UE specific precoding in the both vertical and horizontal direction

· System (d) performs UE specific precoding in the vertical direction

4 Simulation results
In Table 2 we present our simulation results for non-full buffer traffic at 50% resource utilization in the reference scheme (a). Simulation assumptions are given in the Appendix.
Table 2. Simulation results at 50% RU load point in reference scheme (a).
	 
	 
	Spectral efficiency gain over reference scheme (a)

	
	Antenna layout
	(a)
	(b)
	(c)
	(d)

	UMi
	Cell edge
	0.0%
	249%
	240%
	232%

	
	Mean
	0.0%
	72%
	70%
	70%

	UMa
	Cell edge
	0.0%
	200%
	211%
	196%

	
	Mean
	0.0%
	66%
	65%
	62%


From these results we make the following observation.

Observations:

· All the different antenna layouts (b)-(d) provide substantial gains compared to the reference scheme (a). 

· The antenna layouts (b)-(d) are rather equivalent in terms of performance. We hence observe gains by providing TXRU antenna ports

· in the horizontal domain only, or

· in the horizontal and vertical domain, or

· in the vertical domain only. 

· There is a need for support of several different 8 ports codebook for 2D antenna arrays, depending on antenna configuration 

5 Conclusion
Based on these observation and these studied configurations, there is no compelling need to modify the standard for the 8 TXRU case. However, the 2D array configuration (c) with 8 TXRU could still be attractive from a front end form factor perspective and in scenarios with other spatial traffic distributions.  Also, if the number of TXRU is increased, then the 2D array structure similar to (c) may provide comparably more gains. If this is the case then it would provide flexibility if also the smallest 2x2 2D array is supported by the specifications. Therefore, we propose:

Proposal:
· 3GPP should further consider (1D) vertical, (1D) horizontal and combined (2D) vertical and horizontal antenna port distributions. 
· A codebook corresponding to P antenna ports should be flexible enough to efficiently support different antenna configurations such that P = Ph * Pv where Ph is the number of horizontal ports and Pv is the number of vertical ports
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7 Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa (500m ISD), 3D Umi

	Cell layout
	3 azimuthal sectors per site, 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm in UMa

41 dBm in UMi

	Traffic model
	FTP model 1, 500 kb packets

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	HARQ
	Max 5 retransmissions

	Handover margin
	3dB

	eNB antenna array
	2D antenna arrays with 0.8-spacing vertically and 0.5-spacing horizontally
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