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1 Introduction

During RAN4#80bis a Way Forward was agreed for setting an ACLR requirement based upon measurement of EIRP on a grid at several points around the expected area of the sphere within which radiated power will be transmitted and combining the measurements to form an approximation to TRP [1]. An alternative name to TRP is sought. For the purposes of this contribution, the term A-TRP is used to mean (reasonable) Approximation to TRP.
In this contribution, the output power requirement is considered further. In particular, the question of whether with OTA requirements the output power requirement should be based on TRP, EIRP or both.
2 Discussion

37.104 contains a per antenna connector requirement on conducted output power. The output power accuracy requirement states that the transmitter must be capable of delivering a configured carrier power to within 2 dB. It should be noted that the requirement is on a carrier power accuracy, not the total power of the transmitter. For different basestation classes, different maximum configurable carrier power limits are introduced.
37.105 contains a conducted power accuracy requirement on the configured carrier power on each antenna connector. Each TAB connector must individually be within 2dB of the configured power. The power limits for the basestation classes are based on a sum of maximum declarable powers over all TAB connectors. Furthermore, a radiated requirement is placed on the accuracy of EIRP. EIRP is the power in a specific direction, including array gain, on a carrier.

When moving to all OTA requirements, the conducted power requirement will no longer be available. The conducted power requirement relates directly to A-TRP (apart from losses between the transmitter output and the antenna). 

Observation 1: The current conducted output power requirement in 37.104 and 37.105 corresponds to A-TRP
To consider how to introduce radiated power requirements, the uses of a declaration on conducted power and EIRP are considered. Uses of the declared total power and power accuracy requirement are as follows:

Information for cell planning

EIRP information directly relates to achievable coverage for user information. Hence the requirement on EIRP declarations and their accuracy provides a starting point for cell planning.

Observation 2: EIRP declaration and accuracy requirement contributes to stable network planning.
Regulating interference to other systems

Co-existence to other operators carriers is regulated in the downlink by the BS ACLR and the UE ACS. The amount of power that enters the UE receiver due to the adjacent channel selectivity depends on the transmit power of the basestation.

 [1] indicated how it is in fact the total radiated power of ACLR that impacts co-existence KPIs and [2] provided an explanation of this observation. The total radiated power is of interest because victim UEs are distributed uniformally in azimuth around the BS and thus the impact of radiated power becomes averaged.

It is intuitive that the impact of power on the wanted channel to UEs (due in this case to imperfect UE filtering) will follow the same principle as the power on the adjacent channel. In azimuth, the uniform probability distribution of the victim UEs will lead to an averaging of the spatial patterns of the beam in monte-carlo simulations. In elevation, victim UEs that are most impacted by BS power will experience different vertically steered beams, which will tend to average also the elevation pattern impact. Thus, the impact of the wanted signal to co-existence will be regulated by the power of the wanted signal.

Observation 3: A-TRP regulates co-existence impacts to other operators due to UE ACS

Setting a limit for power output dependent on the BS class

In the current specifications, the power limit for the BS class is based on conducted power, which relates to A-TRP. This would imply that A-TRP as a parameter would directly provide an OTA limit that would achieve the same level of performance/protection as the current conducted one.
An EIRP limit could relate to the coverage achievable with a BS, which could also be related to BS class. However in this case, presumably the limit would need to be a minimum EIRP and not a maximum one in order to achieve a minimum acceptable coverage dependent on the class & envisaged deployment scenario.

The reason for power limits for the medium range and local area BS classes is specifically related to avoiding interference to other network layers. Co-existence simulations between micro, macro and pico layers were performed in order to decide on the power limits.

Thus a limit based on a maximum declarable A-TRP would be the right choice to adopt.

Observation 4: A-TRP corresponds to the conducted output power limit for the BS class defined today. 

Observation 5: A-TRP is in line with the design rationale for BS class power limits (to regulate co-existence to other network layers)
Capturing antenna array properties

Proper design of antenna arrays is important not just for proper operation of individual basestations but also for the system as a whole. Depending on the antenna array, power directed towards intended UEs as well as the sizes of grating lobes and any nulls or sidelobes directed towards other UEs in order to minimize interference will vary. The EIRP accuracy requirement provides a basic means to declare the ability of the array to steer power and demonstrate that the declaration is met.

Observation 6: The EIRP declarations and accuracy capture a minimum for declaring and meeting array performance targets
Capturing coherency of transmitters

For digital beamforming, coherent transmitter  operation is vital. The EIRP accuracy requirement captures to a small extent transmitter coherency (at least to the level of calibration loops functioning as intended).

Observation 7: EIRP accuracy captures transmitter coherency to a first degree
Providing a reference power for conformance testing

During conformance testing, the transmitters are set to the configured carrier power (across a maximum number of carriers). Currently, the BS is tested at maximum power to ensure that the configured power is reached.
A requirement on maximum EIRP may not properly capture the full BS output power. It could be that, for example tapering is applied when transmitting a single beam at maximum EIRP in order to control sidelobes. The basestation may in other circumstances transmit multiple beams and fully utilize all PAs.

An A-TRP requirement would provide verification of the full declared output power of the BS in the same way that the conducted requirement does today.

Observation 8: A-TRP as a reference TX power for other requirements ensures full PA output power in the same manner as the conducted requirement.
An examination of the effects that are captured (or partially captured) by a TRP requirement thus suggests that both EIRP accuracy and TRP are useful. A further question arises as to whether an accuracy requirement and compliance test is needed for both quantities. For ensuring beamforming performance, an accuracy requirement on EIRP is motivated and has already been included in the specification. For a BS class power limit, an accuracy requirement on A-TRP (as opposed to just a declaration) is not strictly necessary. For acting as a reference power for the other TX tests, current practice with conducted requirements suggests that an accuracy requirement should be placed on A-TRP.
When considering measurement impact, it is worthwhile to note that in order to measure A-TRP based ACLR, A-TRP of the carrier power is measured. Thus placing a requirement on A-TRP of carrier power accuracy would not imply any additional measurement complexity.

Measuring EIRP accuracy implies measuring EIRP up to 5 times with the beam steered in different directions. This is already done for release 13. Once the BS has been mounted in a test environment, the complexity of the EIRP measurement is minimal.

Observation 9: Placing a requirement on both EIRP and A-TRP does not cause any additional compliance testing time or complexity.
3 Conclusion

Considering the needs for requirements on output power accuracy, it appears that a requirement and test on accuracy of both EIRP and A-TRP are motivated. EIRP accuracy is already included in the specification. Placing a requirement and conformance test on A-TRP accuracy involves zero additional complexity since A-TRP is already measured for ACLR.
Proposal: Include a requirement on carrier A-TRP accuracy alongside EIRP accuracy. (The final name  for A-TRP will be decided separately)
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