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1 Introduction
The core OTA requirements are now completed so it is necessary to investigate the conformance requirements and in particular the measurement uncertainties required for each of the OTA measurements.

This paper looks at the receiver requirements.

2 Discussion

2.1 Background
In the rel13/14 AAS requirement a single RX requirement which was OTA sensitivity and involved measuring throughput (or BER) for a minimum specified EIS, a number of different OTA test methodologies were considered and a single measurement uncertainty value derived.

This MU was based on an in-band EIS measurement
Many of the other receiver requirements are based on measuring EIS in the presence of an interferer so it is likely the same error budgets can be used.
Exceptions are the out of band blocking requirements, co-location requirements and receiver spurious emissions..

2.2 In-band measurements

The EIS measurement has 4 methodologies defined in TR 37.842 with a common MU used for the conformance requirement in TR 37.845-2. The measurement uncertainty values for each is as follows:

Table 10.3.2.2-2 Test system specific measurement uncertainty values for the EIS test 

	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.22
	1.25

	Compact Antenna Test Range
	1.33
	1.40

	One Dimensional Compact Range Chamber
	1.29
	1.43

	Near Field Test Range
	1.24
	1.24

	Common maximum accepted test system uncertainty
	1.3
	1.4


Each of the receiver requirements are investigated here to identify what additional work is needed to find their MU.

10.2
OTA sensitivity

This is the current OTA requirement so clearly the existing MU is ok.
10.3
OTA Reference sensitivity level

OTA Reference sensitivity level is a very similar requirement to OTA sensitivity, depending on the declarations it may be in different conformance directions and levels, but the MU is the same as that for EIS.
10.4
OTA Dynamic range

The dynamic range requirement is based on a wanted signal considerably higher than sensitivity and a co-channel interfering signal. The conducted MU is 0.3dB based on the uncertainty of the signal-to-noise ratio rather than the absolute levels. 

Whilst the OTA absolute level uncertainties are very similar whatever the power level as the uncertainty is based on the SNR it seems that this I also an appropriate MU and TT for the OTA measurement.
10.5
OTA Adjacent channel selectivity, general blocking, and narrowband blocking

The conducted ACS, general (in-band) blocking and NB blocking requirements MU is calculated based on 
1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer ACLR

The wanted signal level and the interferer signal level error are deemed independent and added rms, the value used is the same as the reference sensitivity absolute accuracy.  The interfere ACLR is 0.4dB and added to the total.

The conducted MU values are:

±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz

±2.5 dB, 4.2GHz < f ≤ 6.0GHz
The same approach could be used for the OTA measurement, for example:
Conducted = (0.72+0.72)0.5 + 0.4 = 1.4dB

OTA = (1.32+1.32)0.5 + 0.4 = 2.2dB

As the wanted an the interfering signal however come from the same direction, it is not completely true that they will be completely independent. Much of the OTA calibration error etc will be common, although they are different frequencies the losses may be different. Further work needs doing to see if some of the errors cancel.

10.6
OTA Blocking
In AAS this refers to out of band blocking, the existing in-band test solution is not suitable to cover the entire frequency range, It is likely that alternative ranges may be needed, as with the out of band spurious emissions a modified EMC chamber seems a likely candidate. The MU for such a chamber is still to be calculated.
However the conducted MU for oob blocking is known

Out of band blocking, using CW interferer:

fwanted ≤ 3GHz

1MHz < finterferer ≤ 3 GHz: ±1.3 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.5 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB

3GHz < fwanted ≤ 4.2GHz:

1MHz < finterferer ≤ 3 GHz: ±1.5 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.7 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.3 dB

4.2GHz < fwanted ≤ 6.0GHz:

1MHz < finterferer ≤ 3 GHz: ±1.9 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±2.0 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.5 dB
Bu contrast for the EMC spurious emissions requirements the MU uncertainty on a standard EMC test chamber is 6dB, so clearly the EMC chamber or methodology needs improvement.

Note the TT for oob blocking is zero so the MU applies only as a quality metric for the test method.

OTA blocking also includes co-location blocking, for AAS this uses the co-location reference antenna methodology which as yet has had no error analysis carried out.

10.7
OTA Receiver spurious emissions

The receiver spurious emission are TRP and can use the same MU as the transmitter emissions (which is still being studied). It is also likely a modified EMC chamber will be used.
10.8
OTA Receiver intermodulation
Receiver intermodulation is similar to the other interference requirements however as there is an additional interferer then the calculation is slightly different as all 3 signals (wanted, modulated interferer and CW interferer) are treated as independent, however due to the nature or 3rd order intermodulation the close in CW interferer has 2x the effect.
The conducted MU’s are:

±1.8 dB, f ≤ 3.0GHz

±2.4 dB, 3.0GHz < f ≤ 4.2GHz

±3.3 dB, 4.2GHz < f ≤ 6.0GHz
Using the same methodology as the blockers in applying the OTA MU budget to the conducted assumptions, for example for <3GHz case:

Conducted = (0.72+0.72+(2*0.5)2)0.5 + 0.4 = 1.8dB

OTA = (1.32+1.32+(2*1.1)2)0.5 + 0.4 = 3.6dB

(the error of 1.3dB is reduced by 0.2dB same as the conducted)

As with blocking the OTA path is the same for all signals so some of the errors may be  common. This figure therefore may be reduced with more study.

TT for Rx IMD is zero.
10.9
OTA In-channel selectivity

In channel selectivity in terms of OTA s similar again to the other Rx interference requirements, although for the conducted case unlike the other interference requirements the TT is not zero it is the same as the MU. The TT is applied to the wanted signal alone and not the interferer.
The same calculation is done for the ICS MU as the ACS. The same approach seems reasonable for OTA.

3 Summary

Each of the Rx OTA requirements has been discussed and the main issues associated with finding suitable MU and TT values for the OTA test requirements are highlighted. A summary table is below:

	Requirement
	Equivalent Conducted TT
	Equivalent Conducted MU
	OTA

	10.2 OTA sensitivity
	-
	-
	Existing EIS accuracy values (1.3 dB, f ≤ 3.0 GHz, 1.4 dB, 3.0 GHz < f ≤ 4.2 GHz)

	10.3 OTA Reference sensitivity level
	f ≤ 3.0GHz 0.7 dB
3.0GHz < f ≤ 4.2GHz, 1.0 dB
4.2GHz < f ≤ 6.0GHz, 1.5 dB
	±0.7 dB, f ≤ 3.0GHz
±1.0 dB, 3.0GHz < f ≤ 4.2GHz
±1.5 dB, 4.2GHz < f ≤ 6.0GHz
	Existing EIS accuracy values (1.3 dB, f ≤ 3.0 GHz, 1.4 dB, 3.0 GHz < f ≤ 4.2 GHz)

	10.4 OTA Dynamic range
	0.3 dB
	±0.3 dB
	Applied to SNR, so same value is appropriate

	10.5 OTA Adjacent channel selectivity, general blocking, and narrowband blocking
	0dB
	±1.4 dB, f ≤ 3.0GHz
±1.8 dB, 3.0GHz < f ≤ 4.2GHz
±2.5 dB, 4.2GHz < f ≤ 6.0GHz
	If same methodology is applied using OTA EIS accuracy:
±2.2 dB, f ≤ 3.0GHz
±2.4 dB, 3.0GHz < f ≤ 4.2GHz
±xx dB, 4.2GHz < f ≤ 6.0GHz
This may be reduced due to common errors in OTA path.

	10.6 OTA Blocking
	0dB
	Out of band blocking, using CW interferer:
fwanted ≤ 3GHz
1MHz < finterferer ≤ 3 GHz: ±1.3 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±1.5 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB

3GHz < fwanted ≤ 4.2GHz:
1MHz < finterferer ≤ 3 GHz: ±1.5 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±1.7 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.3 dB

4.2GHz < fwanted ≤ 6.0GHz:
1MHz < finterferer ≤ 3 GHz: ±1.9 dB
3.0GHz < finterferer ≤ 4.2 GHz: ±2.0 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.5 dB

Co-location blocking, using CW interferer:
±2.5 dB, f ≤ 3.0GHz
±2.6 dB, 3.0GHz < f ≤ 4.2GHz
±2.9 dB, 4.2GHz < f ≤ 6.0GHz
	EIS and interferer level accuracy in enhanced EMC chamber needs to be studied further.

OTA Co-location MU analysis needed.

	10.7 OTA Receiver spurious emissions
	0dB
	30 MHz ≤ f ≤ 4 GHz:±2.0 dB
4 GHz < f ≤ 19 GHz: ±4.0 dB
	Further analysis of enhanced EMC (or other) chamber needed.
Can use same MU as TX spurious.

	10.8 OTA Receiver intermodulation
	0dB
	±1.8 dB, f ≤ 3.0GHz
±2.4 dB, 3.0GHz < f ≤ 4.2GHz
±3.3 dB, 4.2GHz < f ≤ 6.0GHz
	If same methodology is applied using OTA EIS accuracy:
±3.3 dB, f ≤ 3.0GHz
±3.5 dB, 3.0GHz < f ≤ 4.2GHz
±xx dB, 4.2GHz < f ≤ 6.0GHz
This may be reduced due to common errors in OTA path.

	10.9 OTA In-channel selectivity
	f ≤ 3.0GHz, 1.4 dB
3.0GHz < f ≤ 4.2GHz, 1.8 dB
4.2GHz < f ≤ 6.0GHz, 2.5 dB
	±1.4 dB, f ≤ 3.0GHz
±1.8 dB, 3.0GHz < f ≤ 4.2GHz
±2.5 dB, 4.2GHz < f ≤ 6.0GHz
	If same methodology is applied using OTA EIS accuracy:
±2.2 dB, f ≤ 3.0GHz
±2.4 dB, 3.0GHz < f ≤ 4.2GHz
±xx dB, 4.2GHz < f ≤ 6.0GHz
This may be reduced due to common errors in OTA path.
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