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1 Introduction
In the last meeting (RAN4#82bis) a it was agreed in eAAS that TRP would be added as an OTA output power accuracy requirement in addition to EIRP.
During the NR discussion the output power accuracy for range 2 was discussed in [1], it was suggested that for TRP accuracy a modified error model similar to the one used in AAS should be used.

This paper further discusses the output power accuracy requirements and the means of deriving them.
2 Discussion

2.1 History from AAS

Whilst many contributors used the 3 error model documented in TR 37.842 to provide input on the EIRP accuracy for AAS radiated EIRP accuracy requirement. The model was not the only method used to come to a conclusion.

In TR 37.842 3 methods are suggested:

· Impacts of accuracy on network performance

· non AAS base station EIRP accuracy; and

· an estimate of the achievable accuracy by AAS BS.

For AAS (and hence for range 1 NR) the target was that the requirement provided the same protection and performance as the existing non-AAS systems, with that in mind the reasoning  behind each of the methods can be better understood.

Impacts of accuracy on network performance

EIRP accuracy is really to do with performance. TRP level and therefore accuracy there for protection of other networks (for lower BS classes at least). Therefore ensuring that network performance (throughput, unconnected UE’s etc) is maintained is part of the brief for the OTA requirements. Two companies provided results based on network simulations and found that statistics did not vary greatly based on accuracy. Low average output power did negatively impact performance but not large variation.

Non-AAS BS EIRP accuracy

As existing non-AAS systems do not include the antenna or feeder etc, the actual output power accuracy could be anything but of course this is not really the case and feeder loss estimates and antenna gain are controlled as much as possible. For AAS therefore the estimate of the non-AAS performance is important. The non-AAS performance estimate included transceiver (conducted) accuracy, feeder loss estimation error and antenna gain error. In reality as the conducted requirement was large and the antenna geometries very similar the result for this was very similar to that for estimating the actual AAS performance.

achievable accuracy by AAS BS.
This was the method most contributed on. It is important of course that the requirement is reasonable and achievable. As the conducted accuracy was based on the conducted output power accuracy results tended to be greater than 2dB. Although many operators contributed that conducted accuracy should be lower (1.5dB) and hence the radiated accuracy was much lower. 

In our contributions we contributed based on all 3 of these methods, our findings estimated non-AAS accuracy and the achievable AAS accuracy were very similar and were both lower than the requirements shown by the network simulations hence our contributions for a limit were based on the error models only because we had checked all 3 methods. 
In then end no agreement was made but a compromise was made by averaging the different companies contributions.
2.2 Range 2
In NR range 2 there are some major differences:

· There are no legacy or non-AAS systems with which we can compare.

· The performance of the RF hardware is less well known.

Output power accuracy is one parameter where it is feasible that it can always be improved. Greater number of calibration points, correction over frequency, correction over temperature can all be attempted and greater accuracy can be achieved. However this must be traded off against the implementation cost of doing so.

For example detectors could be placed in temperature controlled ovens so that their performance does not change with temperature an accuracy may be improved by 0.1dB. But would the cost of doing this be worthwhile? Hopefully the example is extreme enough that the answer is clearly no. But the same applies whatever the limits we set.

A sensible approach to set the requirements is hence:

1. First decide what is required, this can be done by simulation or other (possibly regulation for max values?)

2. Consider the result of (1) and check it can reasonably be achieved.

The 3 error model can only be used to check part 2 of this process, it is important as it is likely that errors will be greater at the much higher frequencies of range 2

· Devices used for detectors will be much more variable at mm wave frequencies.
· Phase lengths will be much shorter so steering errors are likely to be much greater. Analog beam steering may be used which will make variation even greater again.

· Losses will be higher so variation in losses may be expected to be greater.

2.2.1 Network performance
During AAS work the throughput simulations were repeated and variation in EIRP was used as a swept variable. The network throughput and number of unconnected UE’s were used as metrics of performance. Simulations were done in networks with both small (interference limited) and large (noise limited) ISD’s. In general what we found was:

· Variation made very little difference to network throughput or unconnected UE’s up to quite large values (>4dB).

· As the network consisted on many cells all with randomly applied variation, the average total power in the network was always constant over a large number of drops.

· A cell with low power would shrink but statistically the cells around it would have higher power and take the slack.

· If variation was weighted so the average was within the range but lower tan the median, throughput drops and number of unconnected UEs increases.

· This results in lower average power in the network and hence less throughput in total.

The consideration that the nominal (declared) output power represents the actual nominal of the BS’s in the network is hence very important. This is a very difficult requirement to capture in a BS specification as the specification only applies to a single BS at a time.
The concern is that if variation is greater than is actually achieved then the BS nominal power is lower than the declared nominal power. This issue is perhaps one that should be outside the 3GPP specification?

For range 2, although the scenarios are different and the loss is higher, it seems likely if similar simulations were run (we have not yet done this) that a similar result will be found. 

If that is the case then once again the capability and hence the error model approach may be used to actually set the requirement. 

2.2.2 Error models

If the error model approach is used to estimate the EIRP accuracy performance then whilst the model used in AAS is a good starting point it should be considered if it is sufficient. For mm wave systems the architectures may be different and hence require different contributors and also the contributors may not follow the same statistical distribution and hence may not add rms in the same way it was assumed the AAAS contributor added.

Considering different architectures:

· BB beam steering

· Steering errors come from the phase accuracy from BB to the antenna. 

· In <6GHz the bulk of this error was considered to be from the calibration error and phase lengths outside the calibration process.

· >24GHz LO phase noise must be considered a significant contributor to phase stability also – does this add rms?
· RF steering

· Low power RF phase adjustments means the BB, IF, LO etc are common to all. 

· Errors will come from calibration again abut also phase shifter accuracy will be a big factor

· Switched beam

· Phase steps should be quite stable, once again calibration will be a factor.

· Directions between steps will suffer lower EIRP (as discussed as part of the beam requirements) should this be included as part of the steering error?

Also in all cases antenna geometries will be much smaller and subject to error, as manufacturing errors in terms of dimensional stability are likely to be similar whatever the frequency a 1mm error at 2GHz will give a significantly different phase error than the same at 24GHz. The relation of the elements to each other will all be subject to dimensional stability which will affect the system’s ability to accuracy steer beams. This could be regarded as steering error.
Fro this it can be seen that phase errors and hence steering errors are generated from a number of diverse sources many of which are greater contributors for range 2 frequencies than they were when considering range 1 for AAS.
It is not clear that phase error from sources such as: calibration error, LO phase noise, mechanical stability ec are all normal or that they should be added in an rms fashion.
Before agreeing to use the same error model and means of addition used in AAS the range 2 architectures should and error mechanisms should be better understood.

As contributions are likely to be even more varied than those for AAS where it was difficult to achieve consensus, it may not be necessary to agree a standard error model but to take values form contributors who may choose their own methodology to estimate the errors.

2.3 TRP and EIRP

Both TRP and EIRP requirements have (are being) derived for AAS, the same is probably necessary for range 2. 

EIRP is important for network performance  of your own network, i.e. maintaining a good link between you and your own UE. 

TRP is more important for co-existence between layers.

It seems likely that similar requirements will emerge for range 2, if so it can be seen that

· From a requirement perspective EIRP accuracy needs to be lower than TRP accuracy.

· From an implementation perspective TRP variation should be lower than EIRP variation (as steering error is removed)

EIRP should therefore be agreed first as it is the more important of the two, once EIPR accuracy is agreed a reasonable value for TRP accuracy can be agreed.

3 Summary

This paper discusses the OTA power accuracy requirements for NR range 2. The 3 methods discussed in AAS for analysing the EIRP accuracy are explained and the differences between NR and AAS are highlighted. 
The following approach is suggested to derive the power accuracy for NR Range 2

1. First decide what is require, this can be done by simulation or other (possibly regulation for max values?)

2. Consider the result of (1) and check it can reasonably be achieved.

Based on the network simulation done in AAS it may be possible to conclude that estimating a reasonable requirement based on performance is the best approach (as the simulation produces no reasonable limit), this should be discussed further.

When considering the performance of the system, the 3 error model used in AAS may not be suitable for NR range 2 as mange errors which were inconsequential below 6GHz may be significant contributors >24GHz. It should not therefore be assumed that the AAS model is usable. Based on the difficulty and the range of proposals which were presented for AAS (which was based on well known existing technology) it may not be possible to agree a standard model. In which case it may be suitable for contributions to use their own methods and only the end results compared.

EIRP accuracy should be decided before TRP accuracy. 
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