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1 Introduction
In the last meeting the WF [1] was approved which capture agreements on range 2 output power accuracy requirements and lists the open issues.
This results in the following open issues:

· Steering error accuracy may be captured as either EIRP accuracy in dB or a direction error in deg.

· It has been highlighted that for a narrow beam a small direction error could result in a large EIRP error.

· Depending on estimated steering error:

· If the Absolute EIRP accuracy requirement is reasonable then this method is the favored method to capture steering error contribution. 

· If absolute EIRP accuracy is so large it is not useful and alternative solution must be found, options identified are:

· Use a steering error in deg

· Use an EIRP error relative to an incoming (UL) signal

This paper expands upon the questions raised in the open issues.
2 Discussion

The antenna gain in range 2 systems is expected to be much higher than that in range 1 systems, both by necessity as it is required to meet the link budget and also as it is possible because the wavelength is much smaller and hence the antenna is physically realizable.
In the work done analyzing steering error for AAS (range 1), a steering error of approx 0.5dB was concluded for a system which has a randomly distributed (transceiver to transceiver) phase error with a maximum of approx 25°.
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Figure 1. AAS EIRP accuracy vs phase error results [2]
For range 2 there are a number of key differences:

· The beam is much narrower so the effect of a few degrees error will be greater in terms of dB

· The high frequency means the phase error between TRX units is likely to be larger

· There are more transceiver units

The effect of phase error on EIRP error therefore needs to be re-examined for these new conditions.

In the co-existence simulations and antenna with the following specification was used:

· 8 x 16 (rows x columns) element 

· 0.5λ element spacing

· 90° element beam width (note this is not physically realisable with 0.5λ spacing but the error is minimal)

This produced a beam which has the following specification
· directivity = 26.4 dBm
· elevation directivity = 9.3 dBm
· azimuth directivity = 17.1 dBm
· Horizontal Beam Width = 6.3°
· Vertical Beam Width = 12.6°
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Figure 2. Co-location antenna beam (in reference direction)

Error in the direction of the beam is caused by errors in the phase applied to each of the antenna elements. Amplitude errors are represented by the TRP error.

Beam direction (and hence steering error) is changed when there is a phase progression over the elements, a fixed phase error applied to each of the elements doe not change the direction of the beam.

For example with 4 elements:

	element
	phase (deg)

	1
	0
	20
	0

	2
	0
	20
	15.7

	3
	0
	20
	31.4

	4
	0
	20
	47.1

	direction 
	0 deg
	0 deg
	5 deg


Hence correlated errors which are applied to each antenna element, have no effect on the direction of the beam and can be disregarded when considering steering error.

In order for the beam direction to be effected then the phase error on element 2 would need to be 2* the error on element 1, the error on element 3 to be 3* etc. A  correlated scenario where the error causes the phase to progress along the array in a coordinated fashion cannot be envisioned. Hence random errors applied to each element seems like a reasonable method to simulated steering error.

2.1 Results

A random uniformly distributed phase error was applied to each TRXU, the size of the phase error was sweep, the EIRP error is the error between the peak value and with no error and the peak value (in the same direction as with no errors) with errors). The direction error is degrees is the difference between the peak direction with no errors and the peak direction with errors.
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Figure 3. 10 samples of Azimuth bema pattern with random phase error (max 20deg)

When considering many samples we get:
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Figure 4. Results of phase error sweep EIRP error and steering error.

It can be seen that the directional error is much smaller than the 3dB beam width , and hence the EIPR error is not large (it does not ‘fall off’ the edge of the beam as feared).

Looking at the errors at the extreme steering directions:
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Figure 5. Results of phase error sweep EIRP error and steering error at extreme elevation steering
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Figure 6. Results of phase error sweep EIRP error and steering error at extreme azimuth steering

Using 25° error as a reference point, we can see the following:

	 
	EIRP Error (dB)
	Steering Error (deg) Azimuth
	Steering Error (deg) Elevation

	
	mean
	peak
	mean
	peak
	mean
	peak

	Range 1
	
	0.5
	
	
	
	

	Range2 Ref
	0.4
	0.75
	0.25
	0.8
	0.5
	3

	Range 2 extreme elevation
	0.6
	1.25
	0.25
	0.8
	0.75
	3

	Range 2 extreme azimuth
	0.6
	0.85
	0.25
	1.1
	0.5
	2.5


In the reference direction the range 2 antenna has slightly worse steering error that was assumed for the range 1 antenna.

Steering in elevation produced larger peak errors than in azimuth – this is most likely due to there being fewer TRX units in elevation (8) compared to azimuth (16) and hence the averaging effect of the multiple random sources is not as great. This is backed up by the mean error being similar.

Observation 1: for the same max phase error, EIRP accuracy for range 2 is worse.

2.2 Architecture considerations

The analysis has been done with 1:1 architecture with each TRX units being connected to a single element.
It is worth considering that sub arrays may be used, whilst these may limit steering range (and functionality) they may greatly reduce the cost of implementation.

For example the array uses 0.5λ spaced elements, in reality these elements cannot have the beam width attributed to them in the simulation assumptions, as their restricted physical size will result in a much larger beam width. Hence using several elements in a sub-array will create a larger element with a narrower beam width. Of course this will also result in grating lobes which will effect system performance etc. but this is not the purpose of this discussion.  It is sufficient for this argument that it is likely architectures which are not 1:1 may be employed.

In [2] some analysis was performed on the effect of the number of TRX units being analyzed, it was found that if there were >8 TRX units then the results did not change significantly. For range 2 even with non 1:1 architectures it seems likely that the number of TRX units will be greater than 8 so this effect may be discounted.

Observation 2: Architectures with fewer TRX units may suffer from greater variation.

2.3 Range of phase errors

The results show that as long as the phase errors are random in nature that the beam steering error is relatively robust to phase errors.

For range 1 the contribution of steering error was 0.5dB and this was based on quite a large peak phase error of 25°. In range 2 the same peak phase error produces EIRP errors of  >1dB
To put the phase error in context, at 2GHz 25° is equivalent to a distance of approx 10mm in air, at 30GHz this is 0.7mm and at 70GHz this is 0.3mm. Whilst phase errors are not only due to length and calibration will remove many errors, the difference in length puts into perspective the scale of the potential phase error for mm wave.

If the estimate max peak phase error value were doubled from 25° to 50° then the EIRP error would increase to over 4dB.

A steering error contribution of 4dB would be too large and would hid any smaller changes due to TRP accuracy – so it is questionable if such a large value would be useful. 

In addition it could be questioned why a phased array would allow phase errors which are so large
Observation 3: Max phase error  levels in range 2 would be expected to be larger than range 1.

2.4 Calibration

For AAS it is considered that calibration can be done per branch, this was considered for an AAS with a conducted interface and then the same accuracy values were used for the OTA system. Calibrating per path means that analysing the error per path makes sense. However one of the reasons range 2 BS are OTA only is that connectors are difficult to implement at mm wave frequencies. Hence calibration may not occur per branch but OTA. In such cases the calibration would calibrate the actual EIRP in the calibration direction and hence the effect of steering error due to differences in the path would not be seen as clearly.

Observation 4: Calibration techniques should be considered before finalising EIRP accuracy value
3 Summary
The range 2 co-location antenna was analyzed with random phase errors applied to each radiating element and the effect on the steering error was examined as both EIRP error and steering direction error.
Observation 1: for the same max phase error, EIRP accuracy for range 2 is worse.

For the same phase error assumption the range EIRP error should be approx 1dB rather than 0.5dB assumed for range 1.

It should also be considered that not all range 2 systems will be 1:1 and hence:

Observation 2: Architectures with fewer TRX units may suffer from greater variation.

and

Observation 3: Max phase error levels in range 2 would be expected to be larger than range 1.

Basing range 2 steering error values on assumptions made for range 1 may result in an impossible requirement.

Following observations 1-3 it is clear that calibrations is very important to how steering error is achieved and specified. For a range 2 system it is likely all calibration will occur OTA and hence the phase error is not such an important parameter as the EIRP accuracy will be directly calibrate.

 Observation 4: Calibration techniques should be considered before finalising EIRP accuracy value.
Unfortunately the analysis and has raised more questions than solutions at this stage. However it is important that the steering error requirement does not adversely affect implementation, and it should be suitable to maintain network performance. Hence it seems more work studying the issues raised in the observations is needed.
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