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1 Introduction
In the last meeting it was agreed that both in-band and out of band Tx and Rx loss factors would all be 0dB [1] and that an additional parameter would be added to the OTA REFSENS calculation called DRX_OTA_MARGIN, where DRX_OTA_MARGIN is set in the range [1 to 2] dB.

In this contribution we investigate the correct values for DRX_OTA_MARGIN.
2 Discussion

The new calculation of EISmin is 
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Where: 

· LRX is a loss factor in dB accounting for antenna losses, distribution losses, integration losses, etc.
· The LRX value is a fixed value of 0 dB to cover all frequencies and antenna geometries.
· PREFSENS is the conducted reference sensitivity level in dBm in the Rel-13 TS 37.105 [3].
· D0 is the estimated antenna peak directivity in dBi of a non-AAS BS, which has a beam pattern related to the AAS BS OTA REFSENS RoAoA region. 

· Doff-peak is the peak directivity off-peak margin equal to 3dB which is used to allow coverage for the OTA REFSENS RoAoA region other than just in the peak direction, using the same estimated antenna pattern used to derive the estimated antenna directivity D0. 
· DRX_OTA_MARGIN is a directivity loss factor to allow for beam-forming in UL. The value is discussed further below; its value shall be in the range of [1 to 2] dB.

It was pointed out in [1] that the directivity margin is required for the OTA sensitivity as it is a directional measurement (as opposed to TRP) and hence additional factors need to be considered:
· Steering error – for the antenna gain to be resolved the beam must be formed based on the receiver’s ability to detect and implement the optimum steering direction. This is similar to the steering error discussed for EIRP accuracy but not identical.

· Receiver noise correlation level – receiver sensitivity for an array depends on the assumption that the noise for each receiver path is non-correlated. In reality there is the possibility of correlation (common PSU, mutual coupling etc…). Additional loss vs. degradation in correlation level for an 8 TRX array is shown below.

2.1 Steering error

As the receiver sensitivity is directional it may be subject to steering error due to incorrect selection of phase steering weights in the beam forming network. This is of course dependent on the method used to steer the receiver. 

· In an RF beam forming network (perhaps used to steer the cell beam), the directional accuracy of the phase shifters is important.

· In a BB beam forming system it is anticipated that the BB combining algorithms will be used to obtain an optimal set of weights to maximise the wanted signal power level. In a reflectionless environment this may be a traditional ‘beam’, however in most cases it is likely to be a set of weights which maximise the performance of the channel (reflection, refractions and all). In such a scenario the concept of steering error in the way it was considered for the EIRP accuracy calculations is perhaps not relevant.
· As the number of receive units increases it is unlikely that all paths will be processed in parallel as traditional MRC algorithms consume processing power, and the more receiver channels considered the greater the resource required, large AAS may not rely on traditional algorithms alone to steer the receiver and it is possible more simple direction finding and pointing steering will be used. 

As the specification should not limit implementation it seems that steering error should be considered. As the sources of steering error will be similar to those affecting the transmitter, it seems reasonable to use the value of steer from the EIRP accuracy investigations as a starting point. The contributions from different companies are captured in [2] and listed in table below.
Table D-1:  Summary of EIRP accuracy from different companies

	Source
	Reference
	steer 
[dB]

	CATT
	R4-145627
	0.50

	NEC
	R4-145901
	1.50

	Huawei
	R4-146176
	0.50

	Ericsson
	R4-146289
	-

	Nokia Networks
	R4-153498
	1.50

	Vodafone
	R4-75AH-AAS-0087
	0.50

	Telecom Italia
	R4-146708
	0.50

	CMCC
	R4-75AH-AAS-0005
	0.50

	Kathrein
	R4-152625
	0.50

	SEI
	R4-158297
	1.50

	Alcatel Lucent
	R4-156946
	1.00


Our own contribution was 0.5dB, however the average was 0.85dB.
2.2 Receiver noise correlation level
An AAS receiver with N receiver units generates N times as much noise (due to Rx noise figure) as a single receiver. However the composite NF of the AAS receiver is the same as that of a single receiver. The reason for this is that the wanted signal is added coherently and the noise is added non-coherently. This underlines the unwritten assumption that the noise from each of the receiver units in the AAS in non-coherent.

If the effect of additional noise due to correlation is examined, a percentage of the noise due to the Rx noise figure is added coherently, the following is seen:

[image: image2.png]Additional loss (dB)

0.5

0.4

03

0.2

0.1

Additional Noise due to Noise correlation

0 0.02 0.04 0.06 0.08 0.1

correlation level

———164RX ———8RX

0.12





Clearly for a good AAS implementation it will be an important design parameter to ensure that noise is as much uncorrelated as possible. However there are a number of potential sources of noise correlation such as antenna element mutual coupling, noise from a shared LO, power suply noise, etc.
A quick estimate of the range of values likely to be seen due to these effects is given below:

Multual coupling from the antenna
For example if the antenna element isolation is 15dB, this could be considered as 0.03 correlation (10-15/10 = 0.03). which would give a degradation due to correlation of approx 0.15dB.
This assumes that all antenna element couple equally and all at 15dB, this is of course very unlikely, the closest elements will have worse coupling than the more distant ones. Using a single number simplifies the anayalis but can be considred as a worst case.
Noise from a shared LO
For example in a simple Noise figure budget
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It can be seen that even if the LNA noise is completely uncorrelated noise degradation occurs at the mixer/demodulator. Whilst most of this noise is due to the loss of the device, there is also the potential for noise to come from the LO. If the LO’s are correlated then there is the potential that this noise is correlated.

In this example approx 10% of the total noise due to NF is added at the mixer, if all of this was correlated (which is unlikely) then there would be an overall system noise degradation of approx 0.4dB.
Once again a pessimistic analysis would be to add the values from the mutual coupling and the correlated LO numbers, resulting in an overall degradation of approx 0.55dB, i.e. 0.15dB for coupling and 0.4 dB for shared LO (note an RMS addition would result in (0.152 + 0.42)0.5 = 0.42dB).

In a more realistic analysis, the coupling factor would not be the same for all elements and the noise from the mixer would definitely not all be correlated. The total degradation is unlikely to be more than 0.1dB from each source.

2.3 Total margin
From the steering error work done for EIRP accuracy we believe the steering error is in the order of 0.5dB, although the average of all companies contributions is 0.85dB.
Looking at the potential sources of noise correlation it would seem a worse case system noise degradation estimate would be in the order of 0.55dB, however this assumes a number of pessimistic predictions and it is likely to be much lower.

The effect of the steering error and the correlated noise are certainly independent so can be added RMS resulting in:

(0.52 + 0.552)0.5 = 0.74dB

If the average value of the steering error is used then the result is still only (0.852 + 0.552)0.5 = 1dB

It was agreed in [1] that the value of DRX_OTA+MARGIN would be between 1 and 2dB, it seems that even with worse case analysis we find the likely effect of steering error and noise correlation is <1dB. Hence DRX_OTA_MARGIN should be 1dB.

As the value of DRX_OTA_MARGIN is bounded by the previous agreement and using worst case values the result is still only 1dB (i.e. the lowest value in the previously agreed range) then there is no need to do a more detailed analysis, however if the value of DRX_OTA_MARGIN is decided by an averaging process as was the case for EIRP accuracy, our contribution would be (0.52 + 0.22)0.5 = 0.54dB based on our view of steering error (0.5dB) and  a less pessimistic analysis of the correlation within the system (approx 0.2dB, i.e. 0.1dB for each of the noise sources for antenna correlation and shared LO). 
3 Summary
Worst case analysis of the contributors to DRX_OTA_MARGIN show it is ≤ 1dB, as by previous agreement DRX_OTA_MARGIN is between 1dB and 2dB we propose that the value of DRX_OTA_MARGIN is 1dB.

Note: If the final value is decided by any averaging process our contribution will be based on our own view on steering error and the effect of noise correlation and will be 0.54dB.
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