3GPP TSG-RAN WG4 Meeting #75

R4-153405
Fukuoka , Japan, 25 - 29 May, 2015

Source: 
Huawei

Title: 
Status of EIRP accuracy value
Agenda Item:
7.2.2
Document for:
Discussion
1 Introduction
Over the last couple of meetings there have been a number of attempts to collect the values for EIRP accuracy which companies have submitted in various contributions. The value selected for Huawei of 2.3dB is still valid, however the background into the derivation of the value has been somewhat simplified. 
There are also a number of reasons given why the value cannot yet be confirmed, the major reasons appear to be that the measurement uncertainty is not know so it is hard to understand the implications of the core value, and that the value used for the legacy BS should not be the 2dB in the existing requirement as systems tend to perform better than this. 

 This document is for clarification and restates our opinion on the required value and summarises what we believe to be the current open issues around finalising a EIRP accuracy value.

2 Discussion

There have been 3 methods discussed to set the EIRP accuracy value agreed in the TR so far

1) Performance of legacy systems

‘The estimated EIRP accuracy of a non-AAS base station is used as the baseline for the AAS base station, which is then adapted to derive the EIRP accuracy requirements for AAS base station.’

2) Network requirements (from simulation)

‘Preliminary investigations of the impact of EIRP accuracy on network performance indicate that a Wide Area AAS base station EIRP accuracy of around +/-2.25dB enables throughput to be predicted to within 5% variation.’
3) Realistic predicted capability

‘For an AAS base station, the EIRP accuracy is influenced by a number of factors that do not linearly combine. Nevertheless, as an approximation, from the AAS base station radio architecture, the EIRP accuracy of an AAS base station can be estimated by considering the steering error (translated from the phase error of the beam) and the inaccuracy of antenna array.’

2.1 Submitted results
We have submitted analysis of all 3 methods.

In [1] we submitted analysis of method 1 (performance of legacy systems) and method 3 (Realistic predicted capability).
The results for the 2 methods was found to be very similar, this not surprising as the sources of error (transceiver hardware, cable loss, antenna gain etc…) are similar for both systems. 

For Method 1) Performance of legacy systems the following was offered:

· BS output power accuracy; this is well specified and is ±2dB

· Distribution loss accuracy; cables and any possible filters, combiners MHA etc. ±0.5dB

· Antenna gain accuracy. ±1dB

As each of these errors are independent an RMS addition can be assumed.
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For Method 3) Realistic predicted capability the following was offered:

Transceiveraccuracy – is the maximum conducted output power error at the transceiver unit output. This is specified in 37.842  §8.1.4 as ±2dB
steeringerror – is the variation in main beam EIRP due to beam forming errors caused by phase error at the transceiver unit output. ±0.5dB.
arrayerror  – is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations. ±1dB.

So the estimated accuracy is:
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In [2] method 2 was investigated and the effect of EIRP variation on network throughput was analysed over a number of conditions (i.e. small cells which are interference limited, large noise limited cells etc..). The summary was: 
In all cases it can be seen that the effect of decreasing BS power accuracy (or increasing its variation) is very small. Trends in the performance against EIRP accuracy are slight and barely distinguishable from the natural statistical variation present in the results. However in many cases the effect seems to improve throughput rather than degrade it. Also the number of unattached UE’s does not change as BS EIRP accuracy is degraded.

It was also found that if the variation were not random around the expected nominal output power i.e. the average output power across all BS is actually lower than the declared nominal. Then the network performance degrades (in a linear fashion).

This effect leads onto one of the concerns that actual performance may be better than the 3GPP  requirement, this is further discussed later.

2.1.1 Summary of analysis
Based on investigating 3 different methods of finding a suitable EIRP accuracy value we found that looking at the non-AAS performance and the predicted AAS capability a figure of 2.3dB was found. Network analysis showed that as long as the EIRP error was randomly distributed around the nominal figure the size of the error made very little difference to simulated network performance.

Hence the figure of 2.3dB is still valid for us.

2.1.2 Use of results

Whilst the current averaging process yields a result of 2.5 – 2.6dB [4] (which is a figure we can accept), it is not yet clear that averaging the contributions is the correct process. 

For example. There are considerable differences between some of the estimates for steering error with a number of companies offering 0.5dB and others offering 1.5dB.
The figure of 0.5dB from our contribution was derived by a simulation of a representative array [5]

 REF _Ref419296555 \r \h 
[6]
Figure 1. EIRP variation vs. amplitude error and  phase error - 3D
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A phase error of >25° is required to generate a steering error of 0.5dB. Hence 0.5dB was choosen as the value for steering error.
However the figure of 1.5dB was derived from the following in [7]
	Steeringerror
	1.5
	Steering errors are due to phase errors and steering vector control signal errors. 
In general a broad beam will be more tolerant to phase errors and will have smaller steering error while a narrow beam will be less tolerant to such phase variations and control vectors and will have high steering errors.


It is not clear that either of these contributions is ‘more correct’ than the other – hence it is not obvious that averaging the result will provide a good compromise.

Different results can be seen depending on the point the variation is analysed (bore sight, bean centre, half power points average over beam width etc..) understanding why such different values are estimated for the steering error should be done. Once it is understood that the submitted values are comparable only then should the results be averaged. 
2.2 Remaining issues

Whilst we have some reservations with the averaging process, as the result is close to (and greater than) our proposed value we can accept it. However there are a number of issues raised which have prevented acceptance of the proposed value. These are:
· The performance of a typical non-AAS system is better than specification – hence if a new AAS system were used which met the specification it may perform worse than the legacy non-AAS.

· The measurement inaccuracy in not yet known sp the final uncertainty is not known and hence difficult to compare to legacy non AAS.

2.2.1 Non-AAS performance

The primary concern with the accuracy ‘exceeding’ the current non-AAS requirement is not that the variation is greater but that the average (average of all BS is this case) power may be reduced. This is shown in the 3 examples below:
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1 and 2 both have a nominal 40dBm output power but example 2 has a lower output power variation. In the work done on network performance the lower EIRP variation would have no effect (either positive or negative). However example 3 uses the fact that the EIRP variation is lower to lower the nominal output power, the result is still compliant to the 3GPP requirement however the output power is 1dB lower. Based on the network analysis, if all BS were like this then network performance would drop.
As the nominal performance in this case is the average of all BS then it is difficult to account for this in 3GPP, the approvals process only tests a small number and averaging is not done. 

Clearly reducing the allowable error to 1db from 2db (in the example) would prevent example 3 (in some cases). However it would also be a problem for example 1 which offers perfectly acceptable performance and is consistent with the requirements today.

It seems likely that whilst 3GPP cannot produce a requirement for average performance over a large number of BS, the nominal output power , as in the average output power of a large number of BS, would be something that could be agreed between a vendor and an operator and hence be dealt with outside 3GPP.

It is also the case that this problem exists for non-AAS systems as well as AAS systems, in order to not unfairly hinder the development of AAS requirements should where possible be comparable with non-AAS.

2.2.2 Measurement uncertainty

In [8] we investigate a provisional EIRP measurement accuracy and compared it to the measurement inaccuracies which apply to EIRP in a non-AAS system. It was found that the accuracy is in the range of 1.5dB in both cases.
Although the final value after a more detailed analysis may be a little different, another important result was that errors in the assumptions made apply equally to the non-AAS estimate as to the AAS estimate.  Hence the effect EIRP measurement accuracy of the AAS will be no worse than the output power and antenna gain accuracy used to get an EIRP value for non-AAS.

So while the final measurement accuracy value will take some time to finalize, we do not see that it should hinder agreement on the core requirement.
3 Summary
This contribution has  clarified our current standpoint on the EIRP accuracy core value, this can be summarized as follows:

· Using the 3 different suggested methods of finding a suitable core requirement we have offered the figure of 2.3dB

· Averaging of the current values reaches as figure of 2.5-2.6dB which we would accept, however we do not believe that averaging of the contributions is the correct method to use at this time.

· The AAS core requirement should be consistent with the non-AAS core requirement not the non-AAS perceived nominal performance.

· Analysis of the measurement uncertainty  for EIRP shows that it is consistent with the uncertainty for non-AAS systems and should not hinder agreement on the core requirement.

.
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