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1 Introduction
There two radiated output power requirements and one conducted requirement. Depending on the BS type different requirements apply.
1-O		Base station output power (conducted
1-H		Base station output power (conducted) and Radiated transmit power
1-O/2-O	Radiated transmit power and OTA base station output power
For the two requirements which apply to both FR1 and FR2 BS the values are different hence further investigation is required as to the approach needed for 7 to 24GHz
2	Discussion
The conducted output power accuracy figure has been in place a long time and its origin is not clear in the technical reports, However the OTA requirements for AAS have been developed recently and are documented in TR37.842 for FR1 and TR 38.817-02 for FR2.
2.1 FR1
2.1.1	Conducted accuracy
Conducted accuracy only applied to FR1 BS with a  conducted interface (1-C and 1-H) however it also forms one of the major error contributors in the OTA accuracy requirements, both EIRP and TRP.
Clearly 1-C BS are assumed to have a BB for each TRX/PA chain, however this is also the assumption for BB beam forming AAS assumed for both 1-H and 1-O, as such the same conducted accuracy figure is used in derivation of all 3 FR1 requirements.
For FR2 where there is no conduced requirement and it is assumed the architecture is based around hybrid beam forming the assumptions for conducted accuracy are different.
For 7 to 24GHz systems x-C can be derived using similar assumptions as 1-C.
For 7-24GHz x-H systems however there remains the possibility of an x-H system which is not derived from a x-C system. Leaving 2 options:
· If the x-H system is based on an equivalent x-C system then the requirements will be the same as x-C.
- 	If the x-H system is derived from an x-O system then the conducted accuracy will need to be investigated in a different manner
2.1.2	EIRP accuracy
The radiated EIRP accuracy was investigated using 3 techniques
· Impact of accuracy on network performance
· Existing non-AAS EIRP accuracy
· Estimated achievable accuracy by an AAS BS
Companies were free to contribute based on any or all the methods, however most chose to focus on the estimated achieve accuracy using 3 error factors:

[dB]
where:

	 - is the maximum conducted output power error at the transceiver unit output.

	 - is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output.

	  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.
Final agreement on the accuracy of 2.2dB was by considering all contributions (not just the error estimates)  and agreeing an acceptable value by consensus.
2.1.3	TRP accuracy
If the error model is considered then TRP is not subject to the same steering error component as EIRP hence
	
This is not strictly accuracy as the array gain is include in the array error definition and is not part of a TRP definition, however the passive element errors are included.
TRP accuracy is hence bounded as follows:
	
For FR1 the rms addition of the array error was did not significantly increase the conducted error and hence the TRP accuracy was set at 2.0dB. Whilst this is the same number as the conducted error it was noted that the two values are not necessarily equal.
2.2 FR2
The FR2 output power accuracy requirements were decided using a similar methodology to FR1 , however the background contributed values have not been captured in the TR in the same way.
The EIRP accuracy requirement is ±3.4 dB
The TRP accuracy requirement is ±3 dB
For large fraction BW operating bands where the gain of the antenna is likely to vary (due to its fixed physical aperture) then it has been made possible to define the directional output power (EIRP) differently over 2 frequency sub-ranges. This ensure the array error does not become too large.
The TRP error of 3dB was agreed base do the higher level of difficulty in controlling the output power at mm wave frequencies.  
The EIRP accuracy has an additional rms error of 1.6dB to account for the steering and antenna gain errors. This is higher than the 0.9dB allocated for FR1.

2.3	7 to 24GHz
From the values agreed for FR1 and FR2 it is clear that operating frequency effects the output power accuracy capability of the BS. 
From the network analysis done for FR1 it is assumed that output power variation is distributed about a mean and using this assumption the average power in the network (and hence average throughput) tends to be somewhat immune from output power variation. Much of the analysis therefore has centred around what accuracy is reasonably achievable with the technology, with a wider range making implementation less restrictive.
However it is clear that if the output power window is used to declare a lower output power than average then this will reduce the average network power and therefore the throughput. 
The goal of setting an optimum output power variation requirement therefore is to have a value which does not make implementation to restrictive but offers enough control that networks can be planned.
For the 7 to 24GHz range we can make a number of statements:

This is true for all frequencies
and


And by implication

Hence
	


One of the reasons the FR2 values are higher than FR1 is the predicted architectures, whilst the specification should not drive the architecture it is generally assumed that FR1 use BB beam forming architectures and FR2 use hybrid beam forming.
For hybrid beam forming it is harder to control the conducted output power as the BB is not linked to a single amplifier chain, as such a larger error is considered.
For the 7 to 24GHz range it is clear the predicted architecture may vary across the range and hence it is conceivable that the 7 to 24GHz range may have more than a single accuracy value to cover it.
Summary
Looking at the output power accuracy requirements for FR1 and FR2 along with there derivation we can make the following statements

and


Hence
	

The accuracy requirements for the 7 to 24GHz region may vary over the frequency range based on the predicted architecture and implementation. 
Following the process used for FR1 and FR2, the final values can be agreed based on contributions from interested companies once the potential operating bands are identified. 
oleObject1.bin

image2.wmf
tx

s


oleObject2.bin

image3.wmf
steer

s


oleObject3.bin

image4.wmf
array

s


oleObject4.bin

image1.wmf
2

2

2

array

steer

tx

accuracy

EIRP

s

s

s

+

+

=


