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1 Introduction
It has been agreed that for FR2 there will be both a TRP output power accuracy limit and a directional output power limit, which is in the form of EIRP accuracy.
There have been some contributions on the difference in the steering error between FR1 and FR2 and it has also been highlighted that the absolute TRP accuracy will be greater than for FR1.

As a requirement is needed in this meeting to generate the specification on schedule values must be decided this meeting.

This contribution describes our view on the issue and proposes a suitable set of requirements for FR2. 

2 Discussion

2.1 TRP accuracy

There have not been many contributions on TRP accuracy, however there are a number of key differences between FR1 and FR2.

Firstly power control detectors will be difficult to implement

· The large number of transmitters required for beam forming FR2 system means power control detectors on each transmitter could be restricted

· The high frequency could make couplers lossy and inaccurate making power control detectors difficult to implement.

· The lower power level of each Tx chain and high losses would make sample detection difficult to implement.

It is likely therefore that a solution without power control detectors on every Tx path will be desirable.

As the frequencies being considered are very high, the tolerance of devices, components and substrates will affect the performance of the circuits to  a greater extent than at the frequencies around 1-2GHz we are used to.

· Amplifiers will be using different technology, operating closer to their corner frequencies, it is likely that more variation per device can be expected.

· Also devices are not as well developed as the cellular band devices which have benefited for 20 years of optimization.

· Components (where used) will have a greater effect on performance, 1pF tolerance at 2GHz offers a tight tolerance but at 30GHz represents a large variation.

· More components will be synthesized using the substrate and hence be subject o etching tolerances, substrate dielectric constant tolerances, substrate thicknesses etc and will hence vary more.

So variation un mm wave designs will be greater than those in their low frequency equivalents.

The output power will of course be calibrated, but will not be a strictly controlled over operation, however this will be somewhat counteracted by the following:

· The output power of each Tx will be lower, as there is less gain then the variation will be smaller

· The in intention for mm wave is to have none or minimal RF filtering prior to the antenna, this will reduce variation due to frequency.

· Due to high PL the Tx will be close to the antenna elements this will both reduce the loss and also the variation.

· Due to the large number of TX’s truly random variations will tend to add non-coherently and hence the net effect will be smaller.

Finally it should be considered what is practical for a working system. 

Analysis done on the effect of output power accuracy on throughput was done on the AAS WI, the results showed that as long as the nominal output power of each BS remained in the centre of the variation across the network then individual power accuracy did not significantly affect network throughput. However this assumed a network of wide area BS with full coverage, if one BS was low on power statistically another would be high and fill in the gaps. 

There has not been time to carry out equivalent simulations for the mm wave coverage however it is clear that coverage will be much more of an issue at high frequencies, therefore the individual performance and range of each BS is perhaps more important.

It is clear therefore that there will be a trade-off between implementation limitations and performance. Bearing this in mind we make the following observations:

Observation 1: Output power accuracy will be larger than for FR1

Observation 2: the range of individual cells is important so output power cannot vary excessively

Bearing these 2 observations in mind and the urgency of finding a value this meeting we suggest the TRP output power accuracy should be 3dB
2.2 EIRP accuracy

In [1] the additional steering error due to phase inaccuracies was studied the following observations were made

Observation 3: for the same max phase error, EIRP accuracy for range 2 is worse.

Observation 4: Architectures with fewer TRX units may suffer from greater variation.

Observation 5: Max phase error levels in range 2 would be expected to be larger than range 1.

Based on these observations and the analysis done in [1] we propose the steering error contribution to the EIRP accuracy is 1dB.

As the steering error is not directly correlated to the amplitude error causes for the TRP accuracy then the steering error should be added to the TRP error rms.

Based o the proposal for TRP accuracy the EIRP accuracy should be:
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3 Summary
Due to the time restrictions on the NR WI, there is not sufficient time to do a full analysis on network performance due to output power accuracy or a full study of effect of variation for practical mm wave implementations so some assumptions must be made. Based on the following observations:
Observation 1: Output power accuracy will be larger than for FR1

Observation 2: the range of individual cells is important so output power cannot vary excessively

Proposal 1: TRP output power accuracy of ±3dB for FR2

Furthermore we prose that the steering error contribution for the EIRP accuracy is 1dB and hence the EIRP output power accuracy should be ±3.2dB.

Proposal 2: EIRP output power accuracy of ±3.2dB for FR2

Figures are for normal conditions, additional consideration should be considered for extreme conditions.
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