3GPP TSG-RAN WG4 Meeting #84

R4-1708428
Berlin, Germany, 21-25 Aug, 2017
Source: 
Huawei

Title: 
EIRP accuracy for range 2 NR BS
Agenda Item:
9.5.3.4
Document for:
Discussion
1 Introduction
In the last meeting the WF on EIRP accuracy requirement for a range 2 NR BS [1] was approved, the discussion was opened based on discussion around the error model used to estimate EIRP accuracy for AAS and how it may be modified for range 2 NR. However there are a greater number of open questions which need to be answered. This paper discusses some of those issues.
2 Discussion

2.1 Accuracy metric

The WF had the following open issue:

For the specific methodology to derive the EIRP accuracy capability estimate, it's open for further discussion;
More than one methodology can be used to derive EIRP accuracy for comparison
· The requirement for EIRP accuracy may also be consider with respect to:
· Network performance
· With respect to performance 2 types of EIRP accuracy may be considered
· Absolute EIRP accuracy – i.e.  in a defined direction (maintains spatial boundaries of cell)
· Relative accuracy – i.e. ability to reproduce direction resolved from the UL (ensure correct beam steering and high SNR to UE)
· Regulation 
·   any others 
2.1.1 Network performance

With respect to network performance it can be assumed that range 2 is using a TDD system where the UL can be used as a means to estimate the required DL beam forming.

In such as case the pointing accuracy at the UE in question will be based on the Tx ability to reproduce the same direction as the UL.

In terms of characterizing the DL beam pointing accuracy is there a difference between this and absolute EIRP accuracy where the beam pointing accuracy is based on an absolute direction. To some extent this depends on if any of the errors are common to both TX and RX.

If we consider a +general TDD architecture
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Some of the possible errors between Tx and Rx will be shared, the relationship between array elements and any phase shift errors in the antenna are common to both Tx and Rx.

Phase errors due to the RF filter are also likely to be shared as are those due to the LO. However errors due to PA linearity (and linearization) any isolators or any other RF components will not be shared between the two. 
If the system has internal calibration it will depend on how it is implemented  as to if the Tx and Rx errors may cancel or are added to each other.

Considering the potential source of phase errors it seems that the relative error could be considerably smaller than the absolute error.

In terms of network throughput, it is the relative error which will set the signal strength (and hence SNR and throughput), so in terms of network performance the relative error is the more important parameter.

It is also worth considering that if relative error is indeed more important then designs could be optimized to minimize it, if absolute error were used as the minimum requirement then this opportunity may be lost.

However any possible specification based on relative error would require a signal from a test antenna to be replicated by the BS. This would involve both UL and DL being used during the testing which is significantly more complex that existing OTA requirement testing.
During the AAS work, some simulation was carried out on the network thought impact of EIRP accuracy, and it was found that throughput was quite resistance to variation in EIRP accuracy. However this is perhaps not the same as resistance to beam pointing error, in these simulations the bulk of the error was due to variation in conducted output power. A reduction in total power reduced the wanted signal but also reduces the interference, over the network the average signal level averages out as doe the average noise level. However As beams become narrower greater EIRP variation will be seen due to beam steering error, in such cases the same total power is transmitted so the lower EIRP is not consistent with  lower total power and hence the noise in the network is not reduced at the same time so the effect on the network throughput could be more pronounced. This could require additional simulation.

Of course we also have a TRP accuracy requirement so the total radiated power is controlled by that parameter.

2.2 EIRP accuracy

Whilst we do not advocate using the 3 error model (or any other error model) alone to decide the EIRP accuracy it is useful as a means to discuss the different error types:
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where:
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 - is the maximum conducted output power error at the transceiver unit output.
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 - is the variation in main beam EIRP due to beam forming errors caused by phase error at the transceiver unit output.
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  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations 

It is clear that both 
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 contribute to both TRP accuracy and EIRP accuracy. As we will have both requirements for NR range 2. Then the same performance characterisation is achieved by considering TRP accuracy and steering error.

There are certain advantages to separating the two:

· For range 2 the beam width will get smaller so the effect of steering error by falling off the edge of the beam will be greater.

· As discussed the effect on the network due to high TRP error and high steering error are not the same, by separating them it is easier to prevent high TRP error.

· High frequency will results in smaller wavelengths and hence the potential for much larger phase errors and hence steering errors. Separating this may make it easier to consider the difference between absolute and relative pointing error.
· Absolute pointing error may be so large that it is meaningless.

It could be consider that rather than an EIRP accuracy requirement a steering accuracy requirement is used. The existing power accuracy requirement in the form of the power of the beam in the intended direction includes the effect of the TRP accuracy but it cannot be separated from the TRP accuracy components. However if the requirement were in terms of a steering accuracy in degrees (i.e. the beam peak is within xx° of the intended direction).

If the steering error were represented in terms of an angle however it would be reasonable to expect that the smaller the beam width then the more accurate the beam steering should be. 

The disadvantage in terms of conformance for such a requirement is that the beam peak will have to be identified. If the beam steering were achieved by means of the Tx being pointed in the direction of the Rx then this would mean multiple antennas were required in the chamber. One to represent the UE for the AAS Rx to receive and one to find the Tx beam peak direction. As it is generally the BS rather than the measurement antennas which is rotated this could cause complex measurement scenarios.

2.3 Identify the best metric

Considering this there would appear to be 2 options:

1. If absolute direction were used, beam steering error in degrees could be measured and would be an effective way of separating the TRP accuracy contributors and the beam steering accuracy contributors.

2. If relative direction were used it is necessary to place test chamber Tx and Rx in same direction, so only EIRP accuracy at the relative direction could be measured. 
Whilst using an angular steering error seems like a good solution to separating the effect of TRP variation from the steering error requirement, it has considerable downsides. The allowable error should be related to the beam width (for example, a 1° accuracy for a 2° beam is not unreasonable but is very restrictive for a 30° beam). It is also not possible to easily performance measurement of this type of parameter based on a relative direction (i.e. relative to a received signal).

If a relative metric is required therefore an power based EIRP accuracy similar to the one we currently use in AAS is more useful. By using a relative error the contribution should be reduced and hence the total EIRP accuracy may not be as large as it would be using an absolute requirement and hence more meaningful.
2.4 Regulation

In 3GPP we have no upper power limits on EIRP (for a wide area BS), however in some countries/locations there are upper EIRP limits imposed. Currently compliance to these regulations van be shown with maximum conducted output power and the gain of the selected antenna.

The existing AAS EIRP accuracy requirement identifies the highest EIRP and checks that at the intended direction the achieved EIRP is that value within the allocated accuracy window. However this is not the same as finding the maximum EIRP the system is radiating. If the result of EIRP accuracy requirement is at the upper limit but there is significant beam steering error the maximum EIRP would be greater than the one measured and possibly outside the range of the specified window.
The existing 3GPP OTA requirements therefore do not guarantee an absolute maximum EIRP value, and restriction due to regulation may require additional measurement to find the max EIRP rather than just check the EIRP at the specified conformance direction.

As TRP is known and the narrowest beam (and therefore highest beam forming gain) case is declared, as much information is available for the 3GPP requirements and conformance tests as with the existing set up with separate conducted 3GPP requirements and passive antennas.

Of course the probability of a failure is low as power is very expensive, despite the +/- 2dB window having 2dB extra TRP is very unlikely ( a 50W amplifier with 2dB extra power would been to be 80W). Also errors in beam forming degrade the beam width and make it wider and hence lower gain and lower EIRP. For actual maximum EIRP to be greater than the declared limit would require both these to happen which is almost impossible. 

As existing 3GPP requirements do not consider guaranteeing a maximum EIRP and as the probability of their being and issue is very low, continuing this approach seems reasonable. 

3 Summary
It is expected that for mm wave both the conducted power accuracy (and hence the TRP and EIRP) accuracy and the steering error (and hence the EIRP).
Maintaining an EIRP requirement which is the sum of TRP errors and steering errors could result in a requirement which is very large and hence somewhat meaningless. 

Absolute steering error in a TDD system is possibly not the correct metric as it is the power arriving at the UE based on its direction as extracted from the UL which is important rather than the absolute direction, this has been referred to as the relative direction and is perhaps a more suitable metric.

Measuring steering error as a relative direction however is complex so keeping a power accuracy measurement is more suitable, as the relative steering error is likely to be smaller than the absolute error, and in fact the power arriving at the UE is the important metric in terms of network throughput this is perhaps the most suitable metric.

Further work should be done to investigate of a relative EIRP accuracy measurements is feasible. Also what the feasible steering error value would be for such a requirement as well as possible some network simulations to analysis the effect of EIRP accuracy and steering error on throughput.

Considering there is no 3GPP requirement on maximum output power it is not necessary to consider a maximum EIRP requirement.
4 References
[1] R4-1706961

WF on  EIRP accuracy requirement for range2 NR BS

ZTE



















































_1504594858.unknown

_1504594886.unknown

_1504594557.unknown

_1504594843.unknown

