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1 Introduction
During work on ECC PT1 C-band CG it was noticed that the composite antenna gain calculations done for the NR co-existence work have errors.
The composite antenna gain calculations in TR 38.803 result in both an absolute gain error when the beam is pointing forward but also the error varies as the beam is steered.

Whilst within 3GPP there has been some understanding that this is the case and that it does not significantly impact the results of the co-existence work the simulation assumptions and calculations have been used by ECC and hence the error will either propagate or the results from 3GPP may be cast into doubt.

Co-existence results simulations have been re-run with both the error and the corrected calculation and have been presented in [1] and it is shown that the error does out impact the conclusions of the 3GPP study. However as TR 38.803 is being used as a reference it should be corrected so that the gain calculation is correct. 

This paper briefly discusses the best way to make the corrections.

2 Discussion

The current ECC PT1 C-band work is discussing below 6GHz so this does not directly affect the mm wave co-existence work done for the NR SI, currently a LS [??] will be sent to RAN4 inquiring about the gain derivation in AAS co-existence work documented in TR 37.840, this is not a problem as the models in TR 37.840 are correct for the array as defined. 

However the mm wave co-existence work is also being investigated by the C-band team as it uses larger arrays than AAS with higher levels of beam forming and this is more likely in C band.

So whilst the co-existence work documented in TR 38.803 is not being directly asked about in the LS at present, it is known that there is an issue so it makes sense for RAN4 to make suitable corrections to TR 38.803.

2.1 Background

In TR 38.803 the composite antenna gain is defined as follows:

Table 5.2.3.1-1: Composite antenna pattern

	Parameter
	Values

	Composite Array radiation pattern in dB 
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the super position vector is given by:


[image: image3.wmf](

)

(

)

;

,...

2

,

1

;

,

2

,

1

,

)

sin(

)

sin(

)

1

(

cos

1

2

exp

,

H

V

H

V

m

n

N

m

N

n

d

m

d

n

i

v

=

=

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

×

×

×

-

+

×

×

-

×

=

K

j

q

l

q

l

p


the weighting is given by:
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TH element pattern was defined separately as:

Table 5.2.3.2.1-1: BS antenna modelling for Urban macro scenario

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note:
An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


Using this method the following errors in antenna gain can be seen [1].
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Figure 2-2: Normalization factors versus electric scan and tilt angles

The error is between -5dB to +2.5dB, which could be thought of as considerable.

The methodology in TR 38.803 was copied from the AAS SI report TR 37.840, however the same error does not exist in the pattern in TR 38.840 as the element radiation pattern and gain has been more closely matched with the array definition.

The purpose of this document is not to fully explain the source of the error but a simple explanation is that the 8dBi, 65° beamwidth element pattern used in both TR 37.840 and TR 38.803 (AAS and NR) requires a physical aperture of approx 0.9λ.  For the AAS array the element separation was 0.9λ but for NR the separation was defined as 0.5λ hence it is not possible to fit an element with such a high gain.

The correct method to calculate antenna directivity is given in Annex C.5 of TR 37.840

The maximum directivity of an antenna is defined as: 
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In ECC group this has been referred to as ‘normalization’.

2.2 Consequences
It is possible that the simulation platforms used by the different contributors to the co-existence study included such gain normalization by default and hence are not subject to this error,  however even if the models were applied exactly as stated it seems from the findings in [1] that the results would not be significantly affected. As the results are differential then this is not so surprising as the error effects both the wanted and the adjacent channel signal.

The conclusions of the co-existence study documented in TR 38.803 can hence be considered valid. 

However as it known that the model in TR 38.803 contains and error there are a number of risks:

· The results of the 3GPP study could be put in doubt outside 3GPP.

· The antenna gain calculation error could propagate and the incorrect model be used elsewhere both within 3GPP and outside (with possibly more dramatic consequences).

· If the model were used for blocking where an absolute value is extracted the error is more likely to impact the results.

As 3GPP work is considered to be leading much of the discussion on AAS and OTA parameters it is important that our documentation is correct. It therefore seems sensible to amend TR 38.803 to include a correction to the model and a statement that this does not affect the conclusions.
2.3 Corrections

As the model in the current version of TR 38.803 was used to generate the results in TR 38.803, it is not possible to just correct the model as the results would then not be generated by the corrected model. The issue can be handled by a note after the model to highlight the error.

Proposal 1: Put a note after the model in sub clause 5.2.3.1 explain how the correct gain can be calculated. 

As the note may then bring into doubt the validity of the results a further note can be added to sub-clause 5.5 (summary of co-existence study) to explain that the potential gain error does not impact the findings.

Proposal 2: Put a not in sub-clause 5.5 to explain that the potential gain error does not impact the findings.

3 Conclusion

As part of the ECC PT1 C-band work it has been highlighted that the antenna gain models used in the co-existence study documented in TR 38.803 are not correct.

The error has no effect on the conclusions of the co-existence study, however as the models are being used outside 3GPP it is sensible to correct the document so the errors do not propagate. 

It is suggested to make the following modifications to TR 38.803 in order to capture the issue without having to make to many changes to the report.

Proposal 1: Put a note after the model in sub clause 5.2.3.1 explain how the correct gain can be calculated. 

Proposal 2: Put a not in sub-clause 5.5 to explain that the potential gain error does not impact the findings.
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