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1 Introduction

During RAN4#74, the topics of EIRP accuracy and the assumed steering combinations for which the EIRP accuracy requirement can be assumed to be valid were discussed, without conclusion. This paper reviews some of the issues to consider for the EIRP accuracy requirement and the proposals that have been made at RAN4#74 in relation to these considerations.
2 Discussion

2.1 Summary of the issue under discussion
It has been agreed that the EIRP accuracy requirement will be applied to vendor declared beams. For each beam, there will be a centre steering direction and, if the beam is capable of being steered, up to 4 maximum beam pointing directions. The number of declared beam pointing directions will depend on whether the beam is capable to be steered in one or both orthogonal axis and, for each axis whether the beam is capable of being steered on either side of the centrepoint or just one side.
Existing agreements capture that EIRP is declared and EIRP accuracy is applicable at each of the declared beam pointing directions relating to maximum steering [1]:

1. The zero steering direction shall be declared. 

2. Declarations shall be made at the beam pointing directions at the maximum extent(s) of pan (Beam steering in the azimuth direction) directions and at the maximum extent(s) of tilt (Beam steering in the elevation direction) directions (in orthogonal axis x and y). 

a. Maximum pan and tilt may be the same as the zero steering direction in some cases. 

…..
4. Declarations (at each point) consist of: 

a. Beam pointing direction. 

b. Beam width (azimuth and elevation) at the declared beam pointing direction. 
c. EIRP at the declared beam pointing direction.

To capture more clearly how many declarations should as a minimum be made per beam, the following description of the declared points was incorporated into a draft Way Forward document at RAN4#74 that was not in the end agreed [2]:
In the following, the term “point” refers to a specific beam pointing direction

· If an AAS is not capable  of steering, 1 point is declared

· If an AAS is capable of steering along one axis, up to 3 points are declared:

· One point at zero steering

· One point at the maximum declared extent of steering in one direction from zero steering

· One point at the maximum extent of steering in the opposite direction from the direction declared in the bullet above if steering in the opposite direction is supported

· If an AAS is capable of steering along both axes, up to 5 points are declared:

· One point at zero steering

· One point at the maximum declared extent of steering along the first axis in one direction from zero steering

· One point at the maximum extent of steering along the first axis in the opposite direction from the direction declared in the bullet above if steering in the opposite direction is supported

· One point at the maximum declared extent of steering along the second axis in one direction from zero steering

Clearly, at the declared beam pointing directions, the expected EIRP will be known by declaration and the basestation will be required to be within +-XdB, where X is the eventually agreed EIRP accuracy value.

It is likely (but not yet decided) that the (up to) 5 declared beam pointing directions will be the minimum set of test points. What is not clear, however is what may be assumed about the requirement applicability when the AAS is operating with beam pointing directions other than the declared and tested ones.

It is important to note that the requirement is applicable to EIRP accuracy achieved in the intended beam pointing direction. At different steering directions, the absolute value of the EIRP can be expected to differ from the EIRP at centre steering. However, with knowledge of the design parameters of the radio and array, this steering related variation of EIRP is predictable. The EIRP accuracy requirement relates to unpredictable variations in EIRP. If the EIRP accuracy requirement is applicable for some steering direction at which the EIRP has not been declared, then the requirement is not testable at that point, but compliance to the requirement implies that the basestation behavior is predictable at that point and that if EIRP would be declared, the basestation would predictably meet the declaration. On the other hand, non-compliance to the EIRP accuracy implies that if a vendor would declare EIRP for a steering direction, it would not be possible to predict whether any individual basestation would meet the declaration or not.
2.2 General considerations on requirement applicability and performance expectations

Applicability of requirements
An important thing to note is that there can be a difference between the configuration parameters for which a requirement is stated to be applicable in the specification and total set of combinations of parameters for which the requirement may be assumed to be valid. If a requirement is dependent on one or more parameters, then in general the requirement is assumed to be met over a subset of combinations of the parameters even if the requirement is only stated for a particular parameter combination. However it is not always the case that the RAN4 specifications explicitly state over which parameter combinations the requirement is assumed to be valid. An example of such applicability is with TX intermodulation. The TX intermodulation requirement is stated with interfering signal offsets of 2.5, 7.5 and 12.5MHz with an E-UTRA signal bandwidth of 5MHz. The requirement does not explicitly state that is should still be met in case of operating with e.g. a UTRA interfering signal, a different E-UTRA bandwidth and/or a different offset; nor does it state that it should still be met for an interfering signal with a lower power level. Thus in some sense a “validity area” for the requirement is not defined in the TS. However compliance with the requirement provides sufficient confidence that a basestation passing the requirement will in general withstand interfering signals from co-located basestations to within 30dB without violating emissions.
Another example is RX sensitivity; the RX sensitivity requirement is stated with a particular FRC; it is not stated that the receiver noise figure performance should be the same at other data rates and RX signal power levels. Compliance with the requirement assumes however that the receiver noise figure performance if receiving other data rates would be the same. Other examples of requirements that do not state a “validity area” include RX blocking (does not state all possible types of blocking signal and power level), co-location, RX intermodulation etc… It is in each case implicitly assumed that the requirement will still be met with slightly different parameter combinations.
In general, it is observed that the specifications set requirements that if met, indicate that different aspects of the radio design are adequate to ensure co-location, system performance, feature performance etc. can be achieved. However they do not exhaustively capture all configurations under which requirements should be met and some common sense is required in interpreting requirements (e.g. not designing a radio to meet a requirement only under very specific conditions for some reason).

Performance expectations
In addition to requirement applicability, there is also in several cases an unwritten presumption that conforming to requirements with certain parameter configurations implies something about the performance of equipment with other parameter configurations, even if the performance is different with other configurations. Lots of examples of this implicit assumption can be found when considering the chapter 8 demodulation requirements. If a BS or UE passes a demodulation requirement by achieving a specified throughput at a specified SINR, it is implicitly assumed that at lower SINR, although the same throughput would not be achieved the receiver would not exhibit an unpredictably bad performance. Another example is carrier aggregation, in which in several cases demodulation performance is only tested with maximum bandwidth combinations and it is implicitly assumed that with lower bandwidths, data rates would be lower due to the lower bandwidth but throughput/MHz not due to a fundamentally different receiver performance. 

Similarly to requirement applicability, expectations on product performance that can be made based on passing requirements stated under certain conditions are generally not captured or documented in the specifications and are largely a matter for common sense.

Test coverage
For practicality reasons, testing is often restricted to a few of the combinations of parameters for which the requirement is stated and valid. For example, emissions testing is not exhaustively performed for every potential subset of activated carriers. Tests are made with a sufficient subset of parameter combinations to ensure reasonable confidence that the equipment can meet the requirement with untested combinations without undue test time. 
2.3 Requirement applicability and performance expectation in the context of EIRP accuracy

In the context of the EIRP accuracy requirement, the requirement to achieve a specific declared EIRP level (within the accuracy requirement) is applicable only at the declared center steering and maximum extents of steering. During past meetings, there has been discussion about whether there should be an assumption that the requirement is valid for other steering combinations than the declared ones and where and how to capture any such assumptions.
As discussed in [3], it is quite reasonable to assume that an AAS basestation can meet the EIRP accuracy requirement for all combinations of steering which, when plotted on axis fall within an area bounded by straight lines drawn between the points of maximum steering. Furthermore, it is quite possible that many combinations falling outside of this area will correspond to steering directions for which EIRP accuracy can also be met. It is proposed that the “compliance area” of steering directions for which EIRP accuracy is achieved can be made into a more complex shape if needed by means of optional vendor declaration of more than the 5 minimum declared maximum steering points.
It is important to realize that compliance to EIRP accuracy in this context does not imply that the same absolute EIRP is achieved at all beam steering directions, but rather that EIRP is capable to be declared accurately. For much of the set of beam steering directions for which requirement compliance is assumed, the absolute EIRP may not be known. In some sense, the “compliance region” can be seen as a region (i.e. set of beam pointing directions) in which there can be a performance expectation. The expectation that EIRP accuracy is achievable for steering less than the declared and tested maximum steering is similar to the expectation that meeting a demodulation with a high data rate implies that performance at lower data rates will not be unexpectedly poor. Such expectations are generally not stated in 3GPP specifications, and thus it is not obvious that the final AAS specification needs to contain specification text describing a “compliance region”. Nonetheless, since the set of steering angles at which EIRP accuracy is achievable is not fully intuitive, at least the TR should contain a description of the basis on which compliance can be assumed at points other than the tested ones.
In [3], it was also proposed to assume that within the “compliance region”, EIRP for a specific declared beam could be assumed to be equal to or greater than the EIRP at maximum steering. For at least uniform arrays, this would be a reasonable assumption as demonstrated in [3]. Again, such an assumption might not need to be captured in the AAS TS, but could be considered to be captured in the TR.

Several proposals have been made as to what assumptions are made on the EIRP validity area:
1. EIRP accuracy requirement applicable only at the declared points of maximum steering
2. EIRP accuracy requirement valid within an “area” of beam steering directions bounded by drawing straight lines between the declared maximum steering points
3. EIRP accuracy requirement valid within  a group of beam steering directions defined by a vendor declaration (presumably this group will encompass the declared and tested maximum steering directions)

To make progress and make a decision as to what should be in the specifications, we propose the following questions be discussed and elaborated by the proponents of each of the approaches
For approach (1) (EIRP accuracy requirement applicable only at the declared points)
If the requirement is to be valid at the declared points only, should this explicitly stated in the specification ?  Explicitly stating in the specification that a requirement is only valid for a specific configuration is unusual. Proponents of such an approach should justify why it would be impossible to imply anything about the performance of a beamforming array for anything other than 5 declared points.
If the specification would not explicitly state that the requirement is valid at the declared points only, then the applicability of the requirement and the expectation of performance at points other than the declared ones would be open to common sense and interpretation, which is a similar situation to many existing requirements.

For approach (2) (EIRP accuracy requirement valid within an “area” of beam steering directions bounded by drawing straight lines between the declared maximum steering points)
Proponents of this approach should clarify whether the requirement validity area should be something that is captured in the core AAS specification, or in the performance specification, or is provided for information in the TR. Capturing the parameter configurations for which requirement conformance is applicable explicitly in the specifications would be a different approach to that used for most requirements and the need for capturing in the specifications should be justified.
For option (3) (EIRP accuracy requirement valid within a group of beam steering directions defined by a vendor declaration)

Proponents of this approach should clarify whether it is possible to standardize a description of the declaration of the requirement conformance parameter combinations in a manner that is unambiguous; otherwise declarations from different vendors would be difficult to interpret. Also, it should be clarified whether the intention is to capture the need to conform to the requirement in the core specification, or whether the declaration of the conformance area is something that could be entirely captured in the conformance specification.
In some sense, for other requirements, declaration of basestation capabilities implies a vendor declaration based statement on requirement compliance. For example, a declaration of bandwidth and carrier capabilities implies that requirements will be met on all declared bandwidths and carriers. The declaration is not a complete declaration of requirement applicability (for example, it is implicit but not declared that emissions requirements will be met at all configured transmission power levels, not just rated power). Hence a declaration of beamsteering capability implying that the requirement is met over the whole of the capability range of beamforming (even though just tested at the up to 5 declared maximum points) would be similar in practice to the approach for current requirements.
2.4 Proposal

Considering the above argumentation, our view is that it is clear that basestation behavior should be predictable at more than just 5 declared and tested points corresponding to maximum steering. However to state in a core specification a combination of parameters over which a requirement is valid is unusual. Thus the core specification should keep to stating that the requirement should be met at points at which EIRP is declared. However the TR should be used to capture some illustrations of how requirement applicability could be inferred.

Whether an unambiguous declaration of the full range of beamforming capabilities (in addition to the declared points of maximum steering) is feasible should be discussed during the conformance part. The core part should be worded such that whenever beamforming capability is declared, the requirement needs to be met. For testing, however we propose that only the maximum extents of steering are tested.
3 Conclusion

There exist 3 potential means of setting requirement applicability. For each possibility, questions should be answered as follows:
EIRP accuracy requirement applicable only at the declared points of maximum steering

· Is it really proposed that the core specification should state that the requirement need only be met at maximum steering

· How is it justifiable for a requirement to be explicitly valid for specific parameter combinations only ?
EIRP accuracy requirement valid within an “area” of beam steering directions bounded by drawing straight lines between the declared maximum steering points

· Should the core specification capture a description of this area ? Why is such a description justified, when there is no such description for other requirements
EIRP accuracy requirement valid within a group of beam steering directions defined by a vendor declaration (presumably this group will encompass the declared and tested maximum steering directions)

· Is it really possible to describe such a declaration in such a manner that it will be unambiguous ?

Proposal 1: The core specification should state that the EIRP accuracy requirement is met for declared beams at declared points

Proposal 2: The TR should capture some examples of beam steering directions that are less than maximum steering for which compliance could be assumed

Proposal 3: The conformance work should decide whether an unambiguous wider declaration of beamsteering capability than the agreed 5 points of maximum steering is feasible. The core requirement would be applicable to all beam steering in a wider declaration, but not necessarily tested at points other than maximum steering.
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