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1 Introduction
In the last meeting the WF [1] was approved which outlined the principles of the directions ranges required for the OTA requirements. The following agreements were made:
· As mandatory, manufacturers need to declare a common peak directions set(s) (hereafter called “OTA compliance peak directions set” in this WF.  Final naming is FFS). Any requirement specified at the peak direction is met in “OTA compliance peak directions set”.

· As mandatory, manufacturers need to declare a common direction ranges set(s) (hereafter called “OTA compliance coverage” in this WF.  Final naming is FFS). 

· All OTA requirements must be met in the “OTA compliance coverage” (under the corresponding inherent conditions required for each requirement) with exception to the requirements that are specified at the peak direction or as a TRP.

· In case a requirement that is not specified as peak direction or TRP but has a condition of a peak direction apply to it, then the peak direction must be within the “OTA compliance peak directions set” .

· “OTA compliance peak directions set” is a subset of “OTA compliance coverage”.

With the following open issues:

· Whether “OTA compliance coverage” for  DL(TX) and “OTA compliance coverage” for UL(RX) should be aligned or not.

· Definitions and names of “OTA compliance peak directions set” and “OTA compliance coverage” need to be agreed.

· Companies encouraged to submit their view on which core RF requirements belong with each directions set for the next meeting.
These issues are further discussed in this paper.
2 Discussion

2.1 Transmitter and Receiver

This discussion on this subject was initially started when discussing EVM and naturally encompassed the EIRP accuracy requirement as it already has a directions set defined in the REL13 requirements [2]. The discussion and the proposed directions sets and names therefore have been focused around the transmitter (DL) requirements rather than the receiver (or UL).
In the existing OTA specifications in REL13 the UL and the DL requirements and declarations have been kept separate and have deliberately been given different names and definitions – this is due to the different nature of the requirements. It also enables separate declarations for transmitter and receiver with no requirement for them to be linked. This principle is one which is generally applied to RF requirements and hence seems reasonable to maintain for the all OTA requirements.

There 2 points to be made here:
1. The coverage ranges for UL and DL should not be aligned

2. The agreement made should be amended so that it does not refer to all RF requirements but DL only. Whilst the UL will have similar coverage definitions they should be discussed independently and naming should be kept appropriate as in REL13.

2.2 Transmitter requirements

The transmitter requirements are listed below

	Requirement category 
	TRP or 
EIRP (directional)
	Coverage area
	Comment 

	EIRP accuracy   
	directional
	Peak directions
	

	Transmitter dynamics
	directional
	Peak directions
	Dynamics test power delta accuracy – as EIRP accuracy is peak direction this is also

	Transmitter ON/OFF power & time 
	directional
	Peak directions
	Power is max in peak directions so should be sufficient

	Signal quality  - Freq error
	directional
	FFS
	

	Signal quality  - TAE
	directional
	Peak directions
	If needed timing errors will be between MIMO branches, beam forming will not affect this so peak directions should be sufficient.

	Signal quality  - EVM
	directional
	FFS
	

	Unwanted emissions 
	TRP
	-
	

	Transmit inter-mod 
	TRP


	-
	Pass/fail is UEM which is TRP, how interferer is applied is FFS


The EIRP accuracy requirements have already been specified in REL13 and are required in the peak directions. The other power requirements are relative and so can be specified and measured at those same directions. 
2.3 EVM

It has already been agreed that EVM for user specific beams are in the centre of the main lobe [4], 

There are a number of open issues being discussed and until they are closed it is difficult to finalize the definition of the EVM compliance range, they are:
1. If the User specific beam EVM requirement is met in the centre of the main lobe it is not necessary to have a separate cell specific beam requirement.

1.1. This is not the same as saying the EVM is better than the user specific requirement over the whole coverage area.

2. Beams which use a passive fixed beam forming have a ‘flat’ EVM and hence the value in the centre of the beam is sufficient.

3. Systems which have active beam forming but do not have user beam steering capability are FFS

3.1. We believe these can be excluded from OTA and handled with the hybrid requirement.

3.2. If not then some form of ‘average’ EVM requirement will be required.

As has been presented in [5]

 REF _Ref460593690 \r \h 
[6] it is not possible for an AAS system which uses active beam forming to meet any reasonable EVM requirement in every direction at the same time, therefore an EVM requirement cannot take the form of meeting a certain value over a certain area as this would prevent the use of active beam forming. Therefore the EVM requirement must be associated with the ‘steering range’ of the AAS.
This is effectively the same as the existing EIRP accuracy directions set. 

2.3.1 Comparing Release 13 definitions and declarations

As the OTA requirements in REL13 were declared it was left open to the vendor as to how many different beams they wished to declare. The minimum set was the widest beam and the narrowest beam. For EIRP accuracy it was shown that to check compliance of the possible error sources that this presented a reasonable worst case.
From the declarations definitions in [2]:

	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.


The EIRP accuracy declarations set is declared for every beam identifier declared in D9.3 (up to 5). There are then a set of compliance directions which are identified for each EIRP accuracy directions set. 

For EVM we are only interested in the EIRP at the centre of a user beam, and hence the EVM of the narrowest beam. It is not necessary (or necessarily) possible to show compliance to all the beams described by D9.3.

Hence the set describing the directions for the EVM requirement cannot be exactly the same as the existing EIRP accuracy declarations set. 2 options are:

· It was suggested in [3] that the EVM directions set could be a superset of the extreme directions of all the EIRP accuracy direction sets. 

· The EVM directions set could correspond to beam definitions 1 and 2 from D9.3.

As for EVM it is not necessary to define the beam which is used to meet the requirement but only the direction (as long as EVM is met in the declared direction this is sufficient to show compliance) the 1st option is preferable.

Currently the extremes of the steering range have no defined border, it is to the discretion of the vendor to declare the steering range over which the EIRP accuracy is met and the expected EIRP value within the range. 

From the declarations definitions in [2]:

	D9.8
	EIRP accuracy directions set
	The EIRP accuracy directions set for each beam. Declared for every beam identified in D9.3.

	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 maintaining the reference beam centre direction θ value.

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

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

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

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

Declared for every beam identified in D9.3.

	D9.10
	Rated beam EIRP
	The rated EIRP level per carrier at the beam peak direction associated with a particular beam direction pair for each of the declared maximum steering directions (D9.9), as well as the reference beam direction pair (D9.7). Declared for every beam identified in D9.3.

	D9.11
	Beamwidth
	The beamwidth for the reference beam direction pair and the four maximum steering directions. Declared for every beam identified in D9.3.


We do not define the edge of the steering area, however we do define the edge of the area covered by a beam as beamwidth is defined as the half power (or 3dB) points. 
However using arrays it is not so simple to synthesize wide beams (which could be used for cell coverage), and even when they are generated they are still bounded by the same physical characteristics of the element pattern as narrow beams are. For example: taking a array with 16x ° elements with 0.5λ spacing in azimuth and applying a quadraditic phase distribution to synthesize a wide beam give a beam width of  approx 40°. If this pattern is steered (by 65/4 and 65/2) then it can be seen it is effectively contained within the element pattern.
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Figure 1. Synthesised wide beam in azimuth 0°, 16.25° and 32.5° steering
The widest beam that can be effectively generated by the array will be restricted by the element pattern this will be very similar to the “OTA compliance coverage” highlighted in the WF [1].
Currently the steering range definition requirements for EIRP accuracy have no relation to this pattern. The range given could be significantly smaller than the element 3dB pattern or significantly larger (with a corresponding lower EIRP). The obvious set of narrow beams for the array described above is where the narrow beam is directed at the 3dB point of the element pattern:
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Figure 2. Narrow beam in azimuth 0° and 32.5° steering
As we are justifying the EIRP requirement being in the centre of the user specific beam by the argument it is communication between the user and the AAS which is important, the system should be able to steer the beam anywhere inside the coverage range and hence anywhere inside the 3dB beam width of the element pattern. If this is the case then the steering range for the EVM requirement (EVM compliance range, peak directions range or whatever we call it) can be the same as the “OTA compliance coverage” range.

2.4 Names

The existing names suggested in [1] are:

· OTA compliance peak directions set

· OTA compliance coverage
In addition we have in the REL13 requirements

· EIRP accuracy directions set(s)
The word ‘compliance’ in the names could be misleading. For example the core requirements for EIRP accuracy exist over the entire range of directions, however for compliance we define the reference direction and 4 extreme steering directions and only need to show compliance in these directions. The term ‘compliance’ in the name of the direction set could cause confusion and is perhaps not needed.

· “OTA compliance peak directions set” could be ”OTA peak directions set”
· “OTA compliance coverage” could be “OTA coverage range”

These names are simpler and there is less room for confusion
EIRP

In REL 13 the only Transmitter OTA requirement was the EIRP accuracy so the directions sets were named “EIRP accuracy directions sets”. However the EIRP directions were defined at the peak of the beam when steered, as there are now more directional transmitter requirements which are defined at the beam peak then it is reasonable to rename the set as “OTA peak directions set”.
· 
EIRP accuracy directions set(s) are renamed ”OTA peak directions set(s)”
EVM

In many contributions we have referred to an “EVM directions set”, the EVM should be met (either by  user level beam steering or having a flat EVM) inside the cell coverage area. Therefore the “EVM directions set” and the “OTA compliance range” are the same thing.
· The “EVM directions set”  is the “OTA coverage range”

2.5 Summary of proposals

As there are lots of names used for similar things both on this subject matter and hence in this paper, it is important we agree on naming and definitions so that confusion can be avoided. Below is a summary of the proposals in this paper using consistent names.
Proposal 1:  2 directions range sets are defined:
OTA peak directions set:  this is used for EIRP accuracy requirements and replaces the EIRP accuracy direction set(s). The definition may be changed.

OTA coverage range:  this is used for the EVM requirements, it is derived from the OTA peak directions set

Proposal2: the OTA peak directions set(s) are bounded by the 3dB points of the element pattern, or the points which the EIRP of the narrowest beam (as describe in 1 and 2 of D9.3) is 3dB lower than the EIRP in the reference direction.

· An additional restriction that the OTA peak directions set(s) for beam identifiers under D9.3 - 3 and 4 are smaller than or equal to those for beam identifiers D9.3- 1 and 2 may be required.

Proposal3: the relationship between OTA coverage range and the OTA peak direction set(s) should be defined, the relationship is currently FFS but the following are suggested:

· the extreme directions of all the EIRP accuracy direction sets or

· definitions 1 and 2 from D9.3.

2.6 Example
To simplify the example assume that the beam is symmetrical in azimuth and elevation hence:


D9.3-1 = D9.3-2 and D9.3-3 = D9.3-4

In order to get some realistic figures the array is 16x16  elements with 65° beam width spaced at 0.5λ.
So 

For beam identifier declared for D9.3-1(2) i.e. the narrowest beam:
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Figure 3. Example directions diagram for the beam identifier highlighting the narrowest beams (D9.3-1)
For beam identifier declared for D9.3-3(4) i.e. the widest beam, in this case the steering range is ±16.25° (as it is not necessary to steer further to cover the OTA compliance coverage range).
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Figure 4. Example directions diagram for the beam identifier highlighting the widest beams (D9.3-3)
It can be seen in Figure 3 and Figure 4 that the OTA coverage range is the same in both cases.
Note: in the existing REL13 declarations this would be referred to as the EIRP accuracy directions set and it could be different in the 2 cases.

2.7 Receiver

As has been stated the receiver definition should be separate from the transmitter ones and hence should have different names to represent this fact. This paper only addresses the transmitter directions ranges as discussions are still ongoing about the receiver requirements and their spatial definitions.
3 Summary
In this paper we have suggested that the transmitter and receiver definitions should remain separate, the paper hence only refers to transmitter requirements. 

The existing REL13 definitions and declarations have been discussed and modifications to these definitions proposed so that they may be used for all directional TX requirements. The following proposals have been made:
Proposal 1:  2 directions range sets are defined:

OTA peak directions set:  this is used for EIRP accuracy requirements and replaces the EIRP accuracy direction set(s). The definition may be changed.

OTA coverage range:  this is used for the EVM requirements, it is derived from the OTA peak directions set

Proposal2: the OTA peak directions set(s) are bounded by the 3dB points of the element pattern, or the points which the EIRP of the narrowest beam (as describe in 1 and 2 of D9.3) is 3dB lower than the EIRP in the reference direction.

· An additional restriction that the OTA peak directions set(s) for beam identifiers under D9.3 - 3 and 4 are smaller than or equal to those for beam identifiers D9.3- 1 and 2 may be required.

Proposal3: the relationship between  OTA coverage range and the OTA peak direction set(s) should be defined, the relationship is currently FFS but the following are suggested:

· the extreme directions of all the EIRP accuracy direction sets or

· definitions 1 and 2 from D9.3.

In addition an example of how these definitions can be used is shown.
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