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1. Introduction
At the last RAN4 meeting (RAN4#94bis-E) simulation parameters for AAS base stations was discussed as part of the work effort to collect information for the LS response to ITU-R.ITU-R working part 5D is asking RAN4 for parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23. 
More specifically ITU-R asks for parameters relevant for sharing studies in the following frequency bands; 470 to 694 MHz, 694 to 960 MHz, 1710 to 1885 MHz, 1885 to1980 MHz, 2010 to 2025 MHz, 2110 to 2170 MHz, 2500 to 2690 MHz, 3300 to 3400 MHz, 3600 to 3800 MHz, 4800 to 4990 MHz, 6425 to 7025 MHz, 7025 to 7125 MHz and 10.0 to 10.5 GHz. In RAN4 the work to collect parameters have been divided into two parts;
1. For the frequency range below 6 GHz handled in agenda item 11.2.
2. For the frequency range between 6 to 7 GHz and close to 10 GHz handled in agenda item 11.1.4.
In this contribution we present representable AAS array antenna parameter sets for in ITU-R WP 5D given deployments scenarios. The information in this contribution is relevant for frequency range below 6 GHz as well as for 6 GHz to 10 GHz, hence the contribution is submitted to both agenda items. 

2. Discussion
The array antenna model developed in RAN4 is built around an element factor and an array factor according to traditional antenna theory. To reduce complexity and computing power, it was decided to put the gain normalization to the radiating element instead of normalizing the composite radiation pattern. With this modelling approach it is essential to select parameters correctly.  
To define simulation array antenna parameters properly relevant for an AAS base station, the following procedure is strongly recommended;
1. Set a deployment scenario. The deployment scenario will give the appropriate coverage range for the horizontal domain and vertical domain. Here the power capability and coverage ranges are determined. 
2. Based on horizontal and vertical coverage range determine the array antenna geometry in terms of number of vertical rows (M), the number of horizontal columns (N) and corresponding element separations (dv, dh). In this stage the beam steering freedoms to cover the intended coverage area is considered. 
3. From the given array lattice the element parameters can be considered with respect to the given area for a single element. The element peak gain (GE,max) and half power beamwidth product (3dB3dB) are dependent on each other and must be selected together to maintain accurate model gain response. Also, the element loss factor (LE) needs to be included when the element peak gain is determined. 
To maintain gain accuracy in the model, parameters related to stage 3 should be determined as a package. 
In the ongoing discussion in ITU-R WP 5D array antenna parameters have been discussed extensively. Two issues have been identified regarding selected parameter values. The first issue is to find solid parameter sets representable for different base station deployment scenarios. Secondly, parameters have been selected so that the model produces incorrect absolute gain. 


Observation 1:
RAN4 need to update the array antenna parameter sets to be representative for given base station deployment scenarios. 

Observation 2:
RAN4 needs to make sure that selected antenna parameters produce correct antenna gain.

According to the way-forwards from last meeting [2, 3] some parameters were agreed for below 6 GHz. The parameters are listed in Table 2-1. 
Table 2-1: Common agreed parameters  
	Parameter
	Macro
Rural
	Macro
Sub-urban
	Macro
Urban
	Micro 
Urban

	Am (dB)
	30
	30
	30
	30

	SLAv (dB)
	30
	30
	30
	30

	LE (dB)
	2.0
	2.0
	2.0
	2.0

	Horizontal coverage range (deg.)
	+/- 60
	+/- 60
	+/- 60
	+/- 60



In Table 2-2, parameters related to the deployment scenario are listed as function of deployment.
Table 2-2: Open deployment parameters  
	Parameter
	Macro
Rural
	Macro
Sub-urban
	Macro
Urban
	Micro 
Urban

	Vertical coverage range (deg.)
	90 to 100
	90 to 100
	90 to 120 
	90 to 120

	Conducted power per branch (dBm)
	



The vertical coverage range reflects the range in which beams are electrically controlled to achieve coverage on ground. Typically for some deployments in specific environments mechanical tilt is also added on top of the vertical coverage range. The mechanical tilt shifts the whole vertical coverage range downwards if applied. 
The conducted power per branch is calculated from the carrier power per polarization (As an example here, normally assumed to be 43 dBm for macro and less than 38 dBm for micro) and the total number of elements per polarization. For a dual polarized system, a power scaling factor of 3 dB needs to be considered for evaluating the TRP. 

Observation 3:
The horizontal and vertical coverage range is related to the intended deployment scenario and describes in what directions the base station is pointing its beams.

Many different products will be deployed reflecting a large amount of array antenna model parameter combinations. For the purpose of co-existence evaluation, parameters need to be selected together to reflect a representable AAS base station antenna. Hence parameters cannot be selected arbitrary, implying a risk of defining incompatible and nonphysical combinations as indicated in [1].  
For wide area deployments in rural and sub-urban environments it is reasonable to assume use of sub-arrays in the vertical domain, since the demand to steer the beam in the vertical domain is less compared to the horizontal domain. With sub-arrays, the port separation is above  for a system where individual elements are separated 0.5, which may produce grating lobes for large steering angles. 
To minimize the number of combinations, an antenna geometry with 2x1 sub-arrays in the vertical domain is considered a representative case and a good compromise, even though larger sub-array configuration may exist.
Remaining parameters related to the array antenna geometry are listed for some examples in Table 2-3. More parameter combinations may exist for AAS products. The table gives an overview on representative parameters sets to consider when a set is determined for a specific deployment scenario. 
Table 2-3: Example array antenna geometries 
	Set
	(M, N)
	dv
(m)
	dh
(m)
	3dB
(deg.)
	3dB
(deg.)
	GE,max
(dBi)
	Candidate 
for deployment
	Note

	1
	(8, 8)
	0.5
	0.5
	90
	90
	5.5
	Macro, Urban
Macro, Sub-urban
Micro, Urban
	

	2
	(8, 8)
	0.7
	0.5
	70
	90
	6.2
	Macro, Sub-urban
	

	3
	(4, 8)
	0.9
	0.5
	54
	90
	7.1
	Macro, Sub-urban
	2x1 sub-array

	4
	(4, 8)
	1.4
	0.5
	40
	90
	8.2
	Macro, Rural
	2x1 sub-array

	5
	(4, 8)
	1.8
	0.5
	30
	90
	9.4
	Macro, Rural
	2x1 sub-array



Parameters in Table 2-3 cannot be selected independently, hence a set of parameters needs to be selected per deployment scenario. The peak gain values are calculated based on directivity for given element loss (LE) and half power beam width (3dB, 3dB). Note: when using subarrays, M and N must refer to the number of sub-arrays, i.e. controllable ports.   

Observation 4:
To maintain gain accuracy, parameters in a specific parameter set needs to be agreed as a package. 

Based on the analysis and observations parameters sets for different deployment scenarios have been collected in Table 2-4. The parameter values differ depending on deployment and reflects representable base station deployment scenarios. 
Table 2-4: BS array antenna and deployment parameters 
	Parameter
	Macro
Rural
	Macro
Sub-urban
	Macro
Urban
	Micro
Urban

	Am (dB)
	30
	30
	30
	30

	SLAv (dB)
	30
	30
	30
	30

	3dB (deg.)
	90
	90 
	90
	90

	3dB (deg.)
	40
	54
	90
	90

	GE,max (dBi)
	8.2
	7.1
	5.5
	5.5

	LE  (dB)
	2.0
	2.0
	2.0
	2.0

	(M, N)
	(4, 8)
	(4, 8)
	(8, 8)
	(8,8)

	dh (m)
	0.5
	0.5
	0.5
	0.5

	dv (m)
	1.4
	0.9
	0.5
	0.5

	Horizontal coverage range (deg.)
	+/- 60
	+/- 60
	+/- 60
	+/- 60

	Vertical coverage range (deg.)
	90 to 100
	90 to 100
	90 to 120
	90 to 120

	Conducted power per branch (dBm)
	31
	28
	28
	19



It is reasonable to assume that different AAS base station types will be used for different types of deployment scenario. This allows for base station functionality, performance and coverage optimizations required to build a network with optimized performance and ability to co-exist with other networks or other services. Also, the array antenna implementation may differ between different base station manufactures.  

Proposal 1:
Agree on AAS base station array antenna parameter sets listed in Table 2-4.

Since the deployment scenario is similar for below 6 GHz, 6 GHz to 7 GHz and 10 GHz it seems reasonable to assume the same array parameter set for all frequency regions. 
If RAN4 cannot agreed on one a single set per deployment, it can be considered to send multiple parameter set per deployment scenario instead of no data. 





3. Conclusion
In this contribution we provide input to stimulate decision on   remaining open parameters listed in the way-forward from last meeting [2, 3]. From the discussion the following observations were made;
 
Observation 1:
RAN4 need to update the array antenna parameter sets to be representative for given base station deployment scenarios.
Observation 2:
RAN4 needs to make sure that selected antenna parameters produce correct antenna gain.
Observation 3:
The horizontal and vertical coverage range is related to the intended deployment scenario and describes in what directions the base station is pointing its beams.
Observation 4:
To maintain gain accuracy, parameters in a specific parameter set needs to be agreed as a package. 

In Table 2-4, we have collected parameter sets representable for different deployment scenarios. 

Proposal 1:
Agree on AAS base station array antenna parameter sets listed in Table 2-4.

There is no parameter set representable to fit to capture all combinations of product variants deployed in networks and deployment scenarios given in ITU-R. For array antenna parameters a complete table is provided with matched element parameters for different deployment scenarios.  
The proposal captures representative array antenna parameters suitable for different deployment scenarios. 
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