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1 Introduction
The issue of a spatial unwanted emission requirement has been discussed for some time, the way forward [1] was agreed in the last meeting. The WF lists 3 options for methods of specifying some form of spatial unwanted emissions requirements, however it has not yet been agreed that any requirement is necessary.
The WF has the following 3 agreements:
· Companies encourage to provide the views which is best option. Other options are not precluded. 

· In RAN4#84 meeting( Aug, 2017 ), whether to introduce the unwanted spatial emission declaration will be decided. If the unwanted spatial emission declaration is introduced, one of options related to unwanted spatial emissions should be selected for 5G NR BS in Rel-15

· A note will be added to capture that radiated power outside of the beam/cell is not the only factors which is relate to system performance and for some types of MIMO/beam forming, minimizing radiation in other directions may not maximize throughput performance

· The specific wording for the note should be discussed further
2 Discussion

The 3 options for a spatial requirements have in common that they all use declared parameters for both the level of emissions and also the  spatial range over which they are measured.
The intention of this is to limit radiation in unwanted directions and hence optimize system throughput.

When considering a non-AAS system with a passive antenna, the antenna has a fixed beam pattern and generally (although it is not mandatory) a FTB ratio and a side lobe level is provided as part of the antenna data sheet.  Interference to co-located systems can hence be estimated. 

With the AAS system the antenna is part of the AAS and hence information about radiation pattern is part of the AAS definition.

It has become clear during the discussion on AAS however that:

· Spatial radiation for an AAS is a dynamic feature – its changes depending on time, UE location, transmission path etc…
· Optimum network performance cannot be linked to parameters such as FTB ratio and side lobe level.

· The AAS system should be free to optimize the network without restrictions placed on it.

The unwanted emissions being discussed here are for the wanted signal, it has already been agreed that unwanted signal emissions are best characterized as TRP. Hence it must be considered that emissions form a AAS outside its allocated cell may interfere with the adjacent (co-located) cell, however both cells are part of the same network, the only reason the AAS BS would choose to generate such a pattern is if it improved overall throughput, so such behavior should be allowed.

It is for these reasons the options for a spatial emissions requirement all have 2 common points

· The performance (both of the directions of emissions and the level) are declared

· Declarations are based on and apply ONLY to the declared conformance beams.

This means that during operation no restriction are applied to the spatial emissions of the AAS BS.

The proposed requirements hence provide the following information using different methods:

· Side lobe level (or equivalent) demonstrates the AAS ability to generate a ‘clean’ beam for the declared conformance beam. This is a measure of phase and amplitude control of the beam forming networks rather than the radiation performance of the antenna.
· FTB ratio is generally considered for antenna which have reflectors and are not intended to radiate ‘behind’ the reflector. AAS planar arrays are of course likely to be of this type.

The beam forming ability of the system is also characterized in the EIRP accuracy requirement. There is a minimum requirement for this and as such is a more useful metric for considering the beam forming capability of the system. As this parameter (via one of the 3 options) is declared it is very unclear what aspect of performance it relates to.

FTB ratio is more similar to a tradition antenna requirement is related to the isolation provided by the reflector and the system mechanics. Whilst an AAS would be expected to have a FBT ratio as the parameter (via one of the 3 options) is declared it is not clear what the minimum requirement is.

2.1 Declare and measure

The three options being discussed can all be described as ‘declare and measure’ as such there are no minimum requirements but merely a standardized definition and measurement method for a parameter.

As such they do not fit the traditional scope of the RAN4 RF requirements which states (from TS 38.104 skeleton):

The present document establishes the minimum RF characteristics and minimum performance requirements of NR Base Station (BS). 

A definition of a parameter and a measurement methodology for that parameter does not clearly fit in this scope and is a departure from the traditional purpose of the RF technical specifications.

As such the spatial requirements being suggested are more for information than a requirement.

2.2 Risks
Whilst it is clearly possible (via one of the 3 options) to provide something which looks like a requirement, it is not clear if it is necessary, and unnecessary requirements carry with them a risk. A number of risks can be seen in this case.
· It has taken a number of meetings and technical papers for RAN4 to comprehend that side lobe level in the traditional sense for a dynamic beam forming system is not relevant as beams must have the flexibility to have high side lobes if the conditions need that for high throughput. Others within the industry have the expectation that for traditional passive antennas low side levels are good and high are bad. Having a side lobe level requirement is likely to enhance any misunderstanding that AAS should have low side lobe levels.

· Declared parameters run the risk of a ‘arms race’ where a system with lower side lobe level (for example) is considered superior to one with higher levels. Hence vendors will be forced to offer low levels possibly at high cost when it is not strictly necessary for network performance

· Unwanted emissions are generally an off channel (in band or out of band) specification and are of high importance to regulators. Spatial emissions of the wanted channel are not the same as unwanted emissions as the impact is only on the intended network. Implying that we have spatial unwanted emissions on a wanted channel risks having requirements placed upon them outside 3GPP even though 3GPP requirements are only by declaration. 

2.3 Informatative parameters
Considering the proposed spatial emissions requirements are really intended for information rather than as a requirement and the risks involved in including unnecessary requirements, it seems that they do not belong in the technical specification. 

However it is clear that the information is of use to the operators and having a standardize definition and test methodology has benefits. For traditional antennas the methodology was to have standard definitions controlled by other bodies, IEEE standard definitions cover many parameters and bodies such as ASIG control interfaces to ensure they are standardized.

With integrated AAS products we now bring radiated parameters within the scope of the 3GPP specifications, but not all parameters are minimum requirements hence do not fit in the technical specifications.

Options could be

· use a technical report to define terms and specify standard conformance techniques, that way we could have standard definitions and a means for vendors to provide information on key parameters but would not confuse these with minimum requirements.

· Use the conformance specification to specify the declarations and the measurement techniques, possibly in an annex

This should perhaps be further investigated before putting unnecessary requirements of the ‘declare and measure’ type in the core technical specification.

2.4 View on options

Considering that in some form (possibly in TR or conformance specification annex) there may be a standard declaration and measurement technique we have the following views on the options provided in [1].

Option 1

This includes a declaration of the side lobe direction and level, we do not believe side lobe level is a measure of the spatial emissions but is a measure of the transceiver phase alignment. This is also characterized in the EIRP accuracy requirement so it is not required. Also it is dangerous to imply that side lobe level is important, as has been pointed out within the cell it is optimum throughput and the beam shape required to achieve that which is important not side lobe level.

Option 2

Option 2 only deals with the emissions outside the intended cell, the level of omission are the total in the defined out of cell range, as previously stated the shape of the beam within the cell should be related to optimum throughput not any spatial restriction, so we agree with this approach. In additions as its has been shown that TRP is the correct metric for interference when studying co-existence, we believe the average unwanted emissions as proposed here is the correct metric.

Option 3

Ratio of the power inside the 3dB beam witch to that outside the 3dB beam width. 

There are 2 issues with this method. First it places requirements inside the cell, which as previously highlighted is not a valid spatial requirement, inside the cell the beam should be the optimum shape for throughput. So we do not believe it to be a valid approach for a spatial mask. And secondly it seems likely that the bulk of the power outside the 3dB beam width will still be dominated by the main lobe

For example:
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Figure 1. Example of emissions outside the 3dB beam width.

The total unwanted emissions outside the 3dB beam width is 32.3dBm, the emissions from the main lobe outside the 3dB beam width are 31.2dBm and the emissions outside the main lobe are 25.7dBm. The total emissions are clearly dominated by the main lobe. Hence this is not a very effective measure of either side lobe level or FTB.
The only option which offers a reasonable estimate of unwanted spatial emissions is option 2, this is our preferred option.
3 Summary
The unwanted spatial requirements have been further discussed, the nature of the suggested unwanted spatial emissions are outside the scope of the RF minimum requirements as they are declared only parameters. Considering the risk of how these parameters may be seen as minimum parameters outside 3GPP we see the risk of introducing them as greater than the benefit they provide.
It is also noted that a standard definition and measurement for the parameters being discussed is of use, without making them minimum requirements in the technical specification. It is suggested this is further investigated, with the possibility of having informative definitions and measurements defined in a TR or possibly as an annex in the conformance specification.

Of the 3 options presented we believe only option 2 is a reasonable representation of the unwanted emissions and this is our preferred option.
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