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1 Introduction
While drafting the test requirements for some of the direction transmitter requirements which are defined over the OTA coverage range it has become clear that the existing bema pointing conformance directions which are based on the peak directions set are not suitable. This paper discusses the OTA coverage range requirements and how the conformance directions may be defined issues.

2 Discussion

2.1 Declarations
The following has been agreed in TR 37.843 [1]

Table 5.1-1: Overview of radiated Tx requirements

	AAS BS requirement
	OTA requirement type
	Coverage range
	Notes

	Base station output power
	Output power accuracy for EIRP
	Directional requirement
	OTA  peak directions set
	Output power accuracy for EIRP requirement is already included as a core requirement in TS 37.105.

	
	Output power accuracy for TRP
	TRP
	n/a
	

	Output power dynamics
	Directional requirement
	OTA  peak directions set
	Conformance testing is carried out in the reference direction.

	Transmit ON/OFF power
	co-location requirement
	n/a
	

	Frequency Error
	Directional requirement
	OTA coverage range
	Conformance testing is carried out in the reference direction.

	Time Alignment Error
	Directional requirement
	OTA coverage range
	Conformance testing is carried out in the reference direction.

	Modulation Quality (EVM)
	Directional requirement
	 OTA coverage range
	Conformance testing is carried out in the reference direction and the maximum directions of the OTA coverage range on each axis.

	Unwanted emissions
	
	
	

	Occupied Bandwidth
	Directional requirement
	OTA coverage range
	Conformance testing is carried out in the reference direction.

	Adjacent Channel Leakage Radio (ACLR)
	TRP
	n/a
	

	Spectrum emission mask
	TRP
	n/a
	

	Spurious emissions
	
	
	

	Mandatory Requirements
	TRP
	n/a
	

	Protection of the BS receiver of own or different BS
	co-location requirement
	n/a
	

	Additional spurious emissions requirements
	TRP
	n/a
	Includes co-existence in same geographical area

	Co-location with other base stations
	co-location requirement
	n/a
	

	Transmitter intermodulation
	 co-location requirement
	n/a
	The interferer is applied as a co-location requirements, the radiated emissions requirements are specified  in the appropriated referenced sub-clause. Generally TRP


There are 4 requirements which are valid over the OTA coverage range:


Frequency Error, TAE and Occupied BW are only tested in the refernece direction


EVM is tested at the refernece direction and the extremes of the OTA coverage range.

It was captured in the TR [1] that the OTA coverage range and the OTA peak direction set do not have to be the same, henec for the EVM requirement it is necassry to declare the conformance testing directions.

The following example was goven in [1]
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Figure 5.1.1-2: Example OTA coverage range and OTA peak directions set for a beam steering system with multiple beam widths

The reference beam direcion pair and the maximum steering directions are shown by crosses in the figure. It is also necessary to declare the OTA peak directions set (shown by the red dotted line). The OTA peak direction set  and the conformance directions are may vary depending on the beam width therefore for the minimum declarations (and conformance) it is required that they are declared for evert beam They are defined in TS 37.145-2 as:
	D9.7
	Reference beam direction pair
	The beam direction pair, describing the reference beam peak direction and the reference beam centre direction. Declared for every beam

	D9.8
	OTA peak directions set
	The OTA peak directions set for each beam. Declared for every beam identified in D9.3.
NOTE 1a:
In Rel-13/14 version of this specification, this declaration was called EIRP accuracy directions set.

	D9.9
	Maximum steering direction(s)
	The beam direction pair(s) corresponding to the following points:

1)
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive Φ direction, while the θ value being the closest possible to the reference beam centre direction.

2)
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative Φ direction, while the θ value being the closest possible to the reference beam centre direction.

3)
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive θ direction, while the Φ value being the closest possible to the reference beam centre direction.

4)
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative θ direction, while the Φ value being the closest possible to the reference beam centre direction.

The maximum steering direction(s) may coincide with the reference beam centre direction.

Declared for every beam identified in D9.3.


As the AAS BS has only a singel OTA conformance range, the declarations are a little simpler.
One interesting point is if the referenece beam diretioon (pair) should be the same for the OTA conformance range as it is for the OTA peak direction set.

It should be noted that currently the reference beam direction is declared for every beam, so already there is the uppurtunity for multiple refernece beam directions.

The intention of the refernece bema directin is that its in the centre of the range or that it is in the bore signt of the antena. However during the drafting of the REL13 versio of te specification it became clear that this may differe depending on antenna geometry and that for example if the array had a natural down tilt designed in then the refernece direction may not match the bore sight. As such the name reference directin was settle on and the current definition was agreed.

As for the peak directin set it is possible to have a different reference dierctions and teer is only a singel OTA conformance range then it is not possible to reuse the refernece direction definition. Aslthough it seems liley that all eth reference directions will be the same for any one AAS.

It can also be noted that for the requirements which are valid in the OTA conformance range – it is not necessary to [oint a beam to achieve compliance – hence the description refernece beam direction pair would be incorrect.

 Hence 3 new declarations are required:

	D9.x
	OTA coverage range directions set
	The OTA coverage range directions set. A single OTA coverage range directions set is declared covering all beams.

The beam direction pair, describing the reference beam peak direction and the reference beam centre direction. Declared for every beam

	D9.x
	OTA coverage reference direction


	The direction describing the reference direction of the OTA converge range directions set (D9.x) 

NOTE 2:
The OTA coverage reference direction may be the same as the Reference beam direction pair (D9.7) but does not have to be.

	D9.x
	OTA coverage maximum directions
	The  directions corresponding to the following points:

1) The corresponding to the maximum steering from the OTA coverage reference direction in the positive Φ direction, while the θ value being the closest possible to the OTA coverage reference direction.
1)
The corresponding to the maximum steering from the OTA coverage reference direction in the negative Φ direction, while the θ value being the closest possible to the OTA coverage reference direction.

1)
The corresponding to the maximum steering from the OTA coverage reference direction in the positive θ direction, while the Φ value being the closest possible to the OTA coverage reference direction.
1)
The corresponding to the maximum steering from the OTA coverage reference direction in the negative θ direction, while the Φ value being the closest possible to the OTA coverage reference direction.


Note for the peak direction it is feasible that if the AAS does not steer (in one or even both directins) that all the extereme points are effectivly the same direction (hence the note “The maximum steering direction(s) may coincide with the reference beam centre direction.”).

But it is not reaosnable that a system has a coverage range which does noyt at least cover a small range of angles so all 5 points will be disctinct and hence a similar note is not needed.

2.2 Method of test

All of the requirements within the OTA coverage range are based on the signal between the BS and the UE as such will benefit for any beam forming the AAS BS may be capable of.

The OTA coverage range includes the width of the beam and as such the beam may not be pointing directly at the UE  nder all circumstances, for example if the AAS can only steer in 1 direction in the other direction the coverage is obtained by the bema width. Hence the  requirements must be met over the appropriate beam width.

When testing the extreme direction therefore it is not correct to indicate a beam direction for the test as the OTA coverage range test directions are not the same thing as beam directions.

2.2.1 Initial conditions

Therefore in the initial conditions (for EVM) the directions to be tested should read:

Directions to be tested: The OTA coverage reference direction (see table 4.10-1 D9.x) and the OTA coverage maximum directions (see table 4.10-1, D9.x).

Clearly for the other requirements only the reference direction is needed.

2.2.2 Procedure

The initial conditions set the direction for the test (i.e. the directions of the positioned) but in the procedure the AAS transmitter needs to be set up with some sort of beam, for example:

6.6.3.4.2.1
General Procedure

OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.

1)
Place the AAS BS at the positioned.

2)
Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the AAS BS with the test system.

3)
Set the AAS BS in the direction of the declared beam peak direction of the beam direction pair, for the beam to be tested.

4)
Configure the beam peak direction of the AAS BS according to the declared beam direction pair.
Step 3 aligns the AAS BS to the test direction (this needs updating as per the directions in the initial conditions) 

Step 4 configure the AAS BS

In reality the system will point the beam as close as possible to the direction of the UE it is talking to and as discussed this may not be directly at it if the BS has limitations on its steering capability.
The final issue is the beam width used for the test, the following has already been agreed in TR [1] 

· For all directional requirements defined within the OTA coverage range, testing using the narrowest declared beamwidth is sufficient for demonstrating conformance.

The narrowest declared beam width is not a clear statement as it is not clear if it means in azimuth or elevation, this has already been described in the declaration description for the beam identified (D9.3)
	D9.3
	Beam identifier
	A unique title to identify a beam. e.g. a, b, c or 1,2,3.

The vendor may declare any number of beams, the minimum requirement to declare for conformance are the beams with the highest intend EIRP for each of the beams widths below:

1)
Narrowest intended BeWθ, narrowest intended BeWϕ (possible when narrowest intended BeWθ) at the reference beam direction.

2)
Narrowest intended BeWϕ, narrowest intended BeWθ (possible when narrowest intended BeWϕ) at the reference beam direction.

3)
Widest intended BeWθ , widest intended BeWϕ (possible when widest intended BeWθ at the reference beam direction.

4)
Widest intended BeWϕ – widest intended BeWθ (possible when widest intended BeWϕ) at the reference beam direction.

5)
BeWθ and BeWϕ which provide highest intended EIRP of all possible beams at the reference beam direction.

NOTE 1:
Depending on the capability of the system some of these beams may be the same.

When selecting the above five beam widths for declaration, all beams that the AAS BS is intended to produce shall be considered, including beams that during operation may be identified by any kind of cell or UE specific reference signals, with the exception of any type of beam that is created from a group of transmitters that are not all phase synchronised.


As for the OTA conformance range test we wish to show compliance with a single beam it is not important if the beam is 1) or 2) so these definition can be used in the description.

So finally a more appropriate procedure would be:

1)
Place the AAS BS at the positioned.

2)
Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the AAS BS with the test system.

3)
Set the AAS BS in the direction of the direction to be tested in the initial conditions (subclause x.x.x.x)
4)
Configure the AAS BS to produce a narrow beam, conforming to beam identifier (see table 4.10-1, D9.3) type 1 or 2 with a beam peak direction as close as possible to the direction to be tested.
3 Summary

Three new declarations for the OTA conformance range requirements have been derived as follows:
	D9.x
	OTA coverage range directions set
	The OTA coverage range directions set. A single OTA coverage range directions set is declared covering all beams.

The beam direction pair, describing the reference beam peak direction and the reference beam centre direction. Declared for every beam

	D9.x
	OTA coverage reference direction


	The direction describing the reference direction of the OTA converge range directions set (D9.x) 

NOTE 2:
The OTA coverage reference direction may be the same as the Reference beam direction pair (D9.7) but does not have to be.

	D9.x
	OTA coverage maximum directions
	The  directions corresponding to the following points:

1) The corresponding to the maximum steering from the OTA coverage reference direction in the positive Φ direction, while the θ value being the closest possible to the OTA coverage reference direction.
1)
The corresponding to the maximum steering from the OTA coverage reference direction in the negative Φ direction, while the θ value being the closest possible to the OTA coverage reference direction.

1)
The corresponding to the maximum steering from the OTA coverage reference direction in the positive θ direction, while the Φ value being the closest possible to the OTA coverage reference direction.
1)
The corresponding to the maximum steering from the OTA coverage reference direction in the negative θ direction, while the Φ value being the closest possible to the OTA coverage reference direction.


And the following initial conditions and procedure test has been suggested for the method of test:
Initial conditions

Directions to be tested: The OTA coverage reference direction (see table 4.10-1 D9.x) and the OTA coverage maximum directions (see table 4.10-1, D9.x).

Procedure

1)
Place the AAS BS at the positioned.

2)
Align the manufacturer declared coordinate system orientation (see table 4.10-1, D9.2) of the AAS BS with the test system.

3)
Set the AAS BS in the direction of the direction to be tested in the initial conditions (subclause x.x.x.x)
4)
Configure the AAS BS to produce a narrow beam, conforming to beam identifier (see table 4.10-1, D9.3) type 1 or 2 with a beam peak direction as close as possible to the direction to be tested.
4 References
[1]
3GPP TR 37.842
[2] 3GPP TS 37.141(14.2.0)



















































