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1 Introduction
In RAN4#78 a discussion paper [1] on the minimum number of beams which need to be declared for conformance was submitted . The issue was discussed and a WF [2] approved. 

In RAN78bis a number of  proposals to capture the agreements were presented [4]

 REF _Ref450299831 \r \h 
[5]

 REF _Ref450299832 \r \h 
[6], however due to time restrictions were not discussed. The papers were discussed offline by the respective authors however and a merged version was generated.
This paper represents the result of that merger and presents the information a TP to TR37.842

2 Discussion

2.1 Minimum beams to be declared

In [2] it was greed that:

The minimum set of beams to declare for conformance are as follows:

· narrowest intended BWθ, narrowest intended BWϕ (possible when narrowest intended BWθ) at the reference beam direction

· narrowest intended BWϕ, narrowest intended BWθ (possible when narrowest intended BWϕ) at the reference beam direction

· Widest intended BWθ , widest intended BWϕ (possible when widest intended BWθ) at the reference beam direction

· Widest intended BWϕ – widest intended BWθ (possible when widest intended BWϕ) at the reference beam direction

· BWθ and BWϕ which provide highest intended EIRP of all possible beams  at the reference beam direction.

· Some of these beams may be the same, in which case fewer than 5 beams will be declared and tested
The declaration principles were also agreed as follows:

· The beams that are declared are the ones with the max intended EIRP for any individual beam with the applicable beam width. 

· It may be that for a given beamwidth, several beams at maximum intended individual beam EIRP can be transmitted.  Such beams must have independent RF power resources from one another.

· Independent power resources means that the beams are transmitted from different transmitters (although the specification may not mention transmitters)

· For each declared BeamWidth If there are parallel beams with independent RF power resources then the number of them shall be declared
· For conformance testing, declared beams are tested individually
· In case for a given beamwidth more than one beam can be transmitted with maximum individual beam EIRP, it is FFS whether all beams that can be produced in parallel should be tested (one at a time)
· With the above WF, a simple test model should be used (preferably (E)TM1.1 unless there is any other issue with that TM) 
There is a single FFS in the agreements which has been discussed separately in companion paper [3].
In the declaration format we have all declarations are controlled by the tables and then referenced in the conformance text.

The sensible place to put the conditions for which beams shall be declared is the beam identifier, as follows:

2.2 Parallel and identical beams
The WF states the number of parallel beams shall be declared.

The conformance specification work already discussed the concept of ‘beam equivalence’ which is used so that beams declared equivalent do not require testing (only 1 representative beam).

The suggested definition being:

	D9.14
	Beam equivalence
	List of beams which are declared to be equivalent

Equivalence implies that the beams are expected to have identical EIRP accuracy directions sets and intended to have identical spatial properties at all steering directions within the EIRP accuracy directions set when presented with identical signals. All declarations (D9.4-13) made for the beams are identical and the transmitter unit and associated TAB connector(s), RDN and Antenna Array responsible for generating the beam are of identical design.



This is perhaps similar to the concept of parallel beams but not the same. 

It is conceivable that a set of beam definitions are identical (implying the antenna array is identical) however the Transceiver units generating them may not be the same (different hardware variants for example).

If beams have the same set of declared parameters but are generated for different (non identical) hardware then they should be tested for conformance. The exception to reduce testing should occur only if the hardware is the same.

The criteria for beam equivalence therefore is different to the criteria for parallel beams. The following declarations definitions are suggested for these:

	D9.15
	Parallel beams
	List of beams which have been declared equivalent (D9.14) and can be generated in parallel using independent RF power resources.

Independent power resources means that the beams are transmitted from mutually exclusive transmitter units.



the WF states that the number of parallel beams shall be declared, however the declarations format is not so suitable for this, instead it is suggested that the beams which are parallel are listed.
2.3 Symbols

The abbreviation(s) used for beam width in the WF, BWθ and BWϕ could be confused with eth abbreviations used for Band Width in existing documents, for example in 37.141

BWRF 
Base Station RF bandwidth, where BWRF = FBW RF,high – FBW RF,low 

Clearly Bandwidth and Beam Width have the same initials.

It is therefore suggested that BeW is used for Beam Width to differentiate it from BW which is already widely used for band width.

3 References
[1] R4-160948
Beams to be declared for EIRP conformance
Huawei

[2] R4-161374
WF on beam declaration, Ericsson
[3] R4-16xxxx
TP to TR37.842 - Conformance testing of transmit radiated requirements,
Huawei
[4] R4-162527
TP to TR37.842 - Beams to be declared for EIRP conformance,
Huawei

[5] R4-162081
Clarifying AAS beam declarations in the context of MIMO operation, Ericsson

[6] R4-162082
On beams and “independent power resources”
Ericsson

4 Text Proposal:

TR37.842  v1.10.0
--------------Start of text proposal-------------
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<Symbol format (EW)>
<symbol>
<Explanation>
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The composite antenna array pattern in dB.
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The array element pattern in dB.
BeW 
The Beam width in  
BeWϕ
The Beam width in ϕ
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The array factor.
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The azimuth angle (defined between -180° and 180°).
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Elevation angle of the signal direction (defined between -90° and 90°, 0° represents the direction perpendicular to the array).
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The signal correlation coefficient.
--------------Unchanged sections omitted-------------
7.1.5 


The conformance beam declaration set

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:

· narrowest intended BeW, narrowest intended BeWϕ (possible when narrowest intended BeW) at the reference beam direction

· narrowest intended BeWϕ, narrowest intended BeWθ (possible when narrowest intended BeWϕ) at the reference beam direction

· Widest intended BeW , widest intended BeWϕ (possible when widest intended BeW) at the reference beam direction

· Widest intended BeWϕ – widest intended BeW (possible when widest intended BeWϕ) at the reference beam direction

· BeW and BeWϕ which provide highest intended EIRP of all possible beams at the reference beam direction.

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

There are 2 declarations made to identify beams which have the same spatial declarations (D9.4-13).

Equivalent beams are beams which are expected to have the same spatial characteristics when presented with the same signals and are generated from transceiver units of the same design and may be transmitted at the same time. Equivalent beams may be generated by:

Common RF hardware e.g. 2 equivalent beams are generated from 8 transceiver units where each beam utilizes all 8 transceiver units but half the power of each transceiver unit is allocated to each beam.

Parallel RF hardware e.g. 2 equivalent beams are generated from 8 transceiver units where each beam utilizes only 4 transceiver units with each transceiver unit at full power.

In the case of Equivalent beams which use common RF hardware, as during conformance testing full power is a required condition of the transceiver units then all beams must be switched on in order to ensure the transmitters are at full power.

In the case of equivalent beams which use parallel RF hardware, during conformance testing it is only necessary to turn on one of the parallel beams to its maximum declared power. 

If the equivalent beams are generated by parallel RF hardware then they are also declared as parallel beams.

For certain test cases if beams are declared both equivalent and parallel it is only required to test a representative beam to show conformance.
Two examples of parallel beams are provided below. In the first example of figure 7.1.4-A1, an array consists of a column with 2 polarizations. A beam can be produced with each polarization, two beams can be produced, but because the beams cannot combine coherently these are declared as 2 parallel beams. In the second example of figure 7.1.4-A1, a multi-column array consists of 2 columns but there is no phase synchronisation between columns. In this case, a beam is produced per column and polarization, but these beams do not combine coherently and are declared as 4 parallel beams.
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Figure 7.1.4-A1 – Examples of multicolumn array
When in operation, an AAS BS may transmit multiple beams (for example, beams may be transmitted that are identified by UEs by any kind of cell or UE specific reference signals, each with different beam patterns). When considering the minimum 5 beamwidths to declare, most examples of beams that the AAS will transmit should be included. A few types of transmission could be misinterpreted as a beam, but should not be subject to the radiated TX power requirement. These are specifically beams that arise from groups of transmitters that are not all phase synchronised. Typically, they arise when codebook based precoding (based on UE feedback) is applied to non-phase synchronized transmitters. The specification text requires that the beam declaration captures all beamwidths that may be used during operation (whether identified by cell or UE specific reference signals) and excludes any “beams” created from non-phase synchronised transmitters.

--------------unchanged text omitted-------------
9.3
Manufacturer declaration description list

Table 9.3-1 is a complete list of manufacture declarations agreed under the WI AAS_LTE_UTRA to apply for AAS BS.
Table 9.3-1: Manufacturer declaration description list

--------------unchanged declaration omitted-------------
	D9.3
	Beam identifier
	A unique title to identify a beam. E.g. a,b,c or 1,2,3.  Declared for every beam.

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:

· narrowest intended BeW, narrowest intended BeWϕ (possible when narrowest intended BeW) at the reference beam direction

· narrowest intended BeWϕ, narrowest intended BeW (possible when narrowest intended BeWϕ) at the reference beam direction

· Widest intended BeW , widest intended BeWϕ (possible when widest intended BeW at the reference beam direction

· Widest intended BeWϕ – widest intended BeW (possible when widest intended BeWϕ) at the reference beam direction

· BeW and BeWϕ which provide highest intended EIRP of all possible beams at the reference beam direction.

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

When selecting the 5 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.

	--------------unchanged declaration omitted-------------

	D9.14
	Beam equivalence
	List of beams which are declared to be equivalent

Equivalence implies that the beams are expected to have identical EIRP accuracy directions sets and intended to have identical spatial properties at all steering directions within the EIRP accuracy directions set when presented with identical signals. All declarations (D9.4-13) made for the beams are identical and the transmitter unit and associated TAB connector(s), RDN and Antenna Array responsible for generating the beam are of identical design.

	D9.15
	parallel beams
	List of beams which have been declared equivalent (D9.14) and can be generated in parallel using independent RF power resources.

Independent power resources means that the beams are transmitted from mutually exclusive transmitter units.


--------------end of text proposal-------------
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