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1 Introduction
The WF [1]on spatial requirements was approved in the last meeting.

Whilst there are still open issue on the location of the declarations definitions, the nature of the declarations has been agreed so can be captured in the TR.

2 References
[1] R4-1709080 WF on unwanted spatial emission for NR BS
CMCC

3 Text Proposal:

TR 38.xxx v0.1.0
--------------Start of text proposal-------------
6.6.5
Transmitter spatial emissions

6.6.5.1
General

Traditional antenna data sheets provide information on not only the antenna gain in the intended direction but also the gain in unwanted directions. Traditional metrics are:

Front to back ration (FBR) – which captured the ratio of emissions behind the antenna compared to those in the forward direction.

Side Lode Ratio (SLR) – ratio of the side lobe antenna gain to the main lobe antenna gain.

For an AAS it is clear that these traditional metrics of antenna gain are not directly applicable, as an AAS has the ability to manipulate the shape of the spatial emissions to maintain optimum network throughput it is unlikely that the spatial pattern of the emissions will relate to a specific beam pattern with identifiable side and back lobes. An example of a realistic AAS beam pattern in an operational environment is shown in Figure 6.6.5.1-1.
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Figure 6.6.5.1-1 Example of a realistic AAS beam pattern in an operational environment (with DFT subband precoding)
In practice several multipaths may exist to the UE, and radiation along each of the multipaths comprises useful radiation. 
For example:

It can be possible that a multipath reflection may result in a beam radiated into the direction of a neighbor cell may be reflected back towards the wanted UE and be useful as shown in Figure 6.6.5.1-2 (A). Furthermore, in a multipath environment it may also be possible that radiation is both useful for the scheduled UE and interference to other UEs with a different multipath profile. In the example illustrated in figure 3, the beams is reflected back to the wanted UE. However the beam also causes interference to another UE, as shown in Figure 6.6.5.1-2(B)
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Figure 6.6.5.1-2 Example of how radiation may be both wanted and unwanted are difficult to differentiate.
Furthermore techniques such as beam tapering may reduce the side lobe levels but at the cost of widening the bam and hence lowering EIRP. It has been shown that under some circumstances this has a negative effect on network throughput and hence a low side lobe level is not a beneficial target. 
Hence the declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
However there remains some benefit in having a means to indicate the ratio of paper in the intended directions to the unintended directions.

An option declaration of the spatial emissions has therefore been defined, this does not form part of the BS minimum requirements but a means for BS vendors to have a common understanding of a means to declare and measure the spatial emissions.

6.6.5.2 Declaration definition

The spatial emissions requirement can be separated into 2 ranges of directions, those in the intended set of directions (in cell) and those in the unwanted set of directions (out of cell). The unwanted emissions unwanted directions are therefore defined as follows:

Out of cell direction set – The set of directions which are outside the intended directions of radiation or outside the wanted cell. Declared per operating band.
As it is not possible to predict the spatial pattern of the emissions when the AAS is operational (as it depends on the channel, the UE’ location and allocation etc) the declaration only applies to the AAS when it is transmitting the conformance test directions where the beam pattern is defined.

The directions sets of transmitter directional requirements are defined by the OTA coverage range and the OTA peak directions set(s). The EIRR accuracy requirement uses a set of conformance directions based on the OTA peak directions set(s) as shown in Figure 6.6.5.2-1.
[image: image5.emf]   

  

 

 

 

    

 

Example. EIRP accuracy compliance directions set  

B eam  peak  directions  corresponding to  maximum steering   directions    

Reference beam peak  direction  


Figure 6.6.5.2-1: Diagram showing an example of requirement declaration

The OTA peak directions set is a subset of the OTA coverage range. So clearly the out of cell directions set must be outside the OTA coverage range and the OTA peak directions set. AN example id given in Figure 6.6.5.2-2
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Figure 6.6.5.2-2: Example of out of cell directions set and declared beam at a single extreme steering direction.
Having described the spatial aspects of the declaration the power levels of the power in the wanted direction (i.e. not in the out of cell direction set) and the power in the unwanted direction set need to be declared.
There are 5 conformance directions out of cell power level is the average power over these 5 conformance directions. For each of the conformance directions the power level is the average power in the specified out of cell directions set.
The out of cell power level and in cell power levels are declared for each of the 5 conformance directions. In addition, the average in cell power level and out of cell power level averaged over all 5 directions is declared. The reason that the average is declared is that the average more accurately reflects the impact of out of cell radiation to other cells.
The in cell power level is the average power outside the out of cell directions set (i.e. in the intended direction) averaged over the 5 conformance directions.
So the optimal declarations are:

Table 6.6.5.2-1: Optional Manufacturer declarations

	Declaration identifier
	Declaration
	Description

	DE.1
	Out of cell directions set 


	The set of directions which are outside the intended directions of radiation or outside the wanted cell. Declared per operating band.

	DE.2
	Out of cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	DE.3
	In cell power level 


	Declared in band average power outside the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	DE.4
	Average out of cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x).



	DE.5
	Average in cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x)


NOTE: The declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
--------------End of text proposal-------------
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