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1.
Introduction

During RAN4#80 a WF on EVM was agreed.  The requirements have been agreed now for “user specific” beams, that EVM shall be taken at the center of the main lobe.  There are currently no agreed requirements for so called “non user specific” beams.  The intention of this document is to provide some proposals on how an EVM requirement can be set for “cell wide” beams.
Since the usage characteristic of a “cell wide” beam is inherently different than that of a “user specific” beam it may also require a different method of setting an EVM requirement.  This document will explore those possibilities in further detail.
2.
Discussion

Effectively an EVM requirement is the quality of the transmitted radio signal.  It is a measure of the distortion inducted by the RF imperfections of a practical implementation.  For an AAS system, this will also include the antenna system (antenna and RDN).  

A WF on EVM was agreed at RAN4#80 [1]. The WF differentiated between so-called “non user specific (cell wide)” and “user specific” beams. Currently, there is no definition of such beams. A companion contribution [2] discusses further the need to differentiate between properties of beams and a potential naming convention. In this document, for simplicity the term “user specific” beam implies a beam that may be pointed such that the main lobe is directed towards the intended user and that is likely to have a narrow beam width. A “cell wide” beam is a beam that may be received by multiple UEs simultaneously in different parts of the beam such that the main lobe cannot be directed towards any individual user and is likely to have a wider beam width. The terminology that is finally agreed and appropriate definitions if needed may differ; see [2]

EVM should be defined in the centre of the main lobe for “user specific” beams.  How an EVM requirement is to be defined in “cell wide” beams need further discussions. The reason for this is that cell wide beams are not likely to be dynamically steered and users may need to receive from directions in addition to the main lobe. Thus an alternative solution may be needed.  In this contribution the goal is to provide a clear explanation of why the EVM requirement needs to be stated differently in a cell wide beam versus a “user specific” beam.
The discussion regarding how to capture EVM requirements for a “cell wide” beam was not discussed in [1], and if the need for providing a requirement on a cell wide beam may even be needed. However, for many systems, “cell wide” beams will transmit reference symbols or control information. They will need to be received by all users, including users near to the cell edge with low SINR. Since they need to be received in situations in which interference dominates, the control channels are heavily coded (i.e. repetition or FEC). Thus even with high EVM they can be easily received at high SINR, whereas at low SINR interference dominates EVM. If only control channels would be considered, an EVM requirement may not be essential for cell wide beams.  However, consideration may be given to the fact that an AAS operating some legacy E-UTRA modes and WCDMA may need to reach users with a higher data rate, and achieving a reasonable EVM may be applicable for these types of systems.

The following are suggested alternatives for definition of an EVM requirement for “cell wide” beams:
EVM defined in the centre of the main lobe:
An EVM requirement could be considered the same for that of a “user specific” beam and a “cell wide” beam.  Similar to EIRP accuracy directions set, EVM can be defined in the centre of the main beam when the declared beam is steered in a declared direction.  Additional, both the beam peak direction and the beam center direction are stated.  This combination is what has been defined as the beam direction pair.  EVM can then be measured and tested at the point of peak of beam.  
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Figure 1: Example of position of beam centre direction and beam peak direction for a beam with ripple (left) and a beam with no ripple (right)
This has been defined for user specific beams.  However, it could also be used for the same requirement for cell wide beams.  The question then remains if this is a valid approach.  This approach would only ensure EVM is met for users close to the center of the main lobe, which does not move.  For users at the cell edge or outside of the region which is at the center of the main lobe there is no requirement to ensure an appropriate SINR for those users.  This concept can only be used UEs are located in the center of the main beam only which may not occur for “cell wide” beams and therefore should not be used as the only point of relevance.  As such, this would be a poor approach for an EVM requirement for “cell wide” beams and as such is only mentioned for completeness.

EVM Compliance Direction Set:
To provide a better means of achieving an appropriate requirement for cell wide beams, the term “EVM compliance directions set” (or similar) may be introduced. An EVM compliance direction set is a similar concept to that of an EIRP accuracy set in that it is a set of directions over which the requirement (in this case EVM) is achieved.  This set may or may not be the same as the EIRP accuracy set defined already today. For most cell wide beams, it is very unlikely to be the same as the EIRP accuracy directions set, since the coverage of a cell wide beam depends on the beam width and not the amount of steering that could be applied to the beam centre. Thus declarations on an EVM compliance directions set should be independent of the EIRP accuracy directions set.

In principle, there is no need to consider how EVM is met at directions within the EVM compliance directions set; it may be met by means of achieving EVM at every direction of a single beam or some more smart adaptive scheme depending on implementation.

With the concept of an EVM compliance directions set, there could be two potential means of meeting the EVM requirement as follows:
EVM met as average across all directions:
In all declared directions by the vendor, the EVM requirement can be set as the average EVM achieved across all directions.  One characteristic of a “cell wide” beam is no steering is assumed, unlike “user specific” beams.  Therefore, the EVM directions set is a set of directions over which an average can be estimated.  A potential disadvantage with stating the requirement in this manner is that the conformance testing may require measurement of EVM in a large set of directions in order to establish what average is really achieved.

EVM met in each individual direction:
With this approach, the EVM requirement must be met or exceed the requirement for each direction in the EVM compliance directions set; i.e. throughout the cell wide beam.  Compliance testing would involve verification that the requirement is met for a small sample set of directions.  In this way, the concept of an EVM compliance directions set (or similar terminology) can be used for cell wide beams and then the question becomes if EVM shall be required to be met on average or in every direction of the directions set.   
3.
EVM Compliance Testing

Although the discussion is currently focused upon core requirements of EVM, it would still be helpful to envision how some of the requirements may potentially need to be tested.  This may help to formulate or eliminate different requirements due to the practicality of testing, such as test time.
If the EVM requirement is defined as being met at every direction in the direction set, then the compliance testing could be 4 maximum directions and centre point. 
EVM defined at extreme steering angles and broadside:
Using the direction set concept can also lead to looking at EVM at extreme steering angles that the AAS is designed for.  The option to look at EVM specifically at these extreme angles and require that the EVM value must be met at these points individually.  
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Figure 2: EVM test points at extreme angles 
Alternatively, take the EVM such that it can also be met looking at the average taken at these points.  If looking at the averaging method, a "grid" of directions would need to be defined such that there would be sufficient sampling to verify that the average is calculated accurately.  If a large test time would be required to achieve this, then the test time could prove problematic.

4.
Conclusion

It is preferable to use the EVM compliance direction set for the “cell wide” beams to meet the average EVM value or individual EVM requirement.  However, from a compliance perspective, if the requirement is defined to be met at every direction in the directions, the requirement would prove to be more straight forward.  The amount of testing required, and therefore test time, would be reduced compared to the averaging method. 
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