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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 transmitter requirements.

2 Discussion

2.1 Background
In the rel13/14 AAS requirement a single TX requirement which was EIRP accuracy, a number of different OTA test methodologies were considered and a single measurement uncertainty value derived.

This MU was based on an in-band  EIRP measurement of a high power transmitted signal.

Many of the other transmitter requirements are based on in band power measurements so it is likely that this can be used as a starting point for much of the work.

In addition the out of band emissions requirements will require new methodologies beyond those investigated in REL13/14.

2.2 In-band measurements

The EIRP accuracy 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 10.3.1.2-1: Test system specific measurement uncertainty values for the EIRP test

	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.87
	1.06

	Compact Antenna Test Range
	1.00
	1.17

	One Dimensional Compact Range Chamber
	0.9
	1.09

	Near Field Test Range
	0.89
	0.99

	Common maximum accepted test system uncertainty
	1.0
	1.2


Considering this information each of the Tx in band measurements are examined to see how much of the MU can be used.
9.2 Radiated Transmit power

This is the requirement the existing MU were derived for so clearly they are suitable for this

9.3.2
OTA base station output power – OTA maximum output power

This is a TRP accuracy requirement for the wanted signal, it is in-band power under max power conditions so clearly has some similarities with the existing defined test. Differences to consider are:

· The requirement is TRP so the number of text points (or grid) of eh TRP sweep will affect accuracy

· Note the beam width and direction is known so grid reduction can be done with some accuracy

· The dynamic rage of the test system when measuring low power directions n the grid

As such it seems likely that the in-band TRP MU will be greater than the EIRP accuracy.

9.3.2
OTA base station output power – OTA E-UTRA DL RS power
This is a directional absolute power measurement at high power so the OTA part of the MU should be the same as the EIRP accuracy. Note the conducted MU for DL power accuracy is slightly higher than the wanted signal power measurement, this should be considered.
9.4
OTA Output power dynamics
The output power dynamics requirements are directional requirements based on the wanted signal. However they are relative. Hence a number of the contributing measurement uncertainties will be removed as they are common to the relative measurement. It should also be considered that when measuring dynamic range the accuracy of a low power measurement may be lower than that already calculated for high power – hence additional error may need to be added to account for this.
For example the conducted test accuracy the absolute power MU is 0.7dB (<3GHz) but the relative power MU is 0.4dB.

9.5
OTA Transmit ON/OFF power
OFF power level is a co-location requirement and the requirement is based on the absolute power level at the output of the co-location reference antenna. This is a very low power level and measurement will require the noise of the test system to be measured and extracted from the final measurement result. As such measurement accuracy is likely to be very low. Co-location MU requires more study.

9.6

OTA Transmitted signal quality
Frequency error - involves comparing the frequency of the wanted signal with a reference. As the wanted signal is high power radiated signal the OTA aspect of the test will not affect the accuracy. The same accuracy as the conducted measurement can be used.

Time alignment error – involves comparing the timing between 2 transmitted signals. Both signal are wanted signals and wil be of high power so the OTA aspect should make no difference to the measurement uncertainty. The same MU as the conducted requirement can be used.

Modulation accuracy (EVM) – It is possible that the EVM performance of the BS may vary with direction, hence misalignment between the AAS and the measurement antenna could lead to variation in the measured EVM value, however as it is expected that the EVM is met over the OTA coverage range, the AAS should be expected to meet the requirement including any variation. EVM is a ratio between the co-channel wanted signal and the noise, it is done at high power, and can be considered differential. Hence the OTA aspect of the EVM measurement should not increase the MU. The same MU as conducted can be assumed.

9.7
OTA Unwanted Emissions
Unwanted emissions with the exception of occupied BW all are TRP. 
Many emissions requirements are based on regulation and as such no additional Test Tolerance (TT) is added to the core value when deriving the test requirement value, for such requirements the core requirement is applied directly under the shared risk principle. However it is still important that an acceptable MU is defined which is used as a quality metric of the test system.
Some emissions requirements (ACLR and some in band emissions requirements) are based on co-existence studies and are differential, these have a TT applied.

9.7.2
OTA occupied bandwidth
Occupied BW is measured by finding the ratio between 2 sets of power measurements. The absolute power as such is not important only the relative errors. The OTA requirement is in a single direction requirement and done at high power so should not impact on the MU of this test. The conducted TT is 0Hz, with an MU of 100kHz (CH BW>5MHz) the same could be assumed for the OTA TT and MU.
9.7.3
OTA Adjacent Channel Leakage power Ratio
ACLR has 2 aspects, the differential ratio of the on channel power with respect to the adjacent channel power and an absolute power requirement which is based on the regulatory limit.
The absolute power requirements are in-band (or close to it) but are at a lower power level than the existing wanted. The OTA MU therefore will be similar to the existing EIRP MU with possibly some additional error due to the lower power level.
The relative measurements will have a number of error factors which are counted for the absolute measurements cancel out. However it is worth noting that the conducted relative ALCR measurement TT is currently 0.8dB which is larger than the 0.7dB used for the absolute measurements.

9.7.4
OTA Spectrum emission mask / 9.7.5
OTA Operating band unwanted emission
The operating band and spectrum emissions mask measurements are mainly absolute requirements, in some cases the absolute level is derived from the measured carrier power  (Pmax,c,cell), which effectively makes it a differential requirement. Whilst a differential requirement potentially has a lower MU, it might be considered to use a single MU for all of these requirement so as not to over complicate the test requirements.

The absolute level of the requirements are graduated out from the edge of the wanted signal (UTRA spurious emissions are offset from the centre of the carrier, E-UTRA operating band unwanted emissions are offset from the edge of the carrier BW)
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Figure 1. Diagram of UTRA spurious emissions requirement

For UTRA no TT is applied for the spectrum emissions, for E-UTRA a TT is applied to the sloped part up to a CH BW away from the edge of the wanted signal, the regulatory limit then applies and no TT is used.

As with ACLR absolute levels although 0dB TT is applied the MU is 1.5dB or 1.8dB depending on frequency, its is liley that the OTA MU will be slightly larger than this.
2.3 Out of band measurements

The mandatory out of band requirements are based on regulatory requirements and as such 0dB TT is applied. However as with in-band emissions it is important that the equipment MU is defined to ensure the shared risk is within acceptable limits.

Out of band measurement uncertainty will be a very difficult parameter to minimise the following contributing factors must be considered
· Measurement grid error

· Calibration error (as such a wide frequency span calibration will be time consuming)

·  Absolute measurement error (OTA power levels are likely to be low so may be less accurate to measure)
· Chamber ‘quiet zone’ error. As different chambers may be needed for out of band measurements (for example EMC type chambers) the quite zones an reflections may not be as accurately controlled and lead to errors.

· …….

In addition to the regulator limits there are band specific co-existence (in the same geographical area) requirements which are still TRP but at a much lower power level, the conducted MU is already larger to account for the lower power level but this may be worse for the OTA measurement. 

These are not regulatory requirements however the conducted test requirements apply 0dB TT to these requirements using the same approach as the other spurious emissions requirements.

The co-location requirements for OTA use the co-location methodology which as stated for the TX OFF requirement needs measurement of a very lower power level and requires more study to understand the MU.

3 Summary

Each of the Tx OTA requirements has been discussed and the main issues associated with finding suitable MU and TT values fo rte OTA test requirements are highlighted. A summary table is below:
	Requirement
	Equivalent Conducted TT
	Equivalent Conducted MU
	OTA

	9.2 Radiated Transmit power
	-
	-
	Existing EIRP accuracy values (1.0 dB, f ≤ 3.0 GHz, 1.2 dB, 3.0 GHz < f ≤ 4.2 GHz)

	
	
	
	

	9.3.2 OTA base station output power – OTA maximum output power
	0.7 dB, f ≤ 3.0GHz
1.0 dB, 3.0GHz < f ≤ 4.2GHz
	±0.7 dB  f ≤ 3.0 GHz 
±1.0 dB, 3.0 GHz < f ≤ 4.2 GHz 
	TRP (> EIRP accuracy)
- Sample point degradation
 - Test system dynamic range

	
	
	
	

	
	
	
	

	9.3.2 OTA base station output power – OTA E-UTRA DL RS power
	0.8 dB, f ≤ 3.0GHz
1.1 dB, 3.0GHz < f ≤ 4.2GHz
	 
	Absolute EIRP
 - similar to EIRP accuracy similar to EIRP accuracy
- Conducted MU is larger than power accuracy.

	
	
	
	

	
	
	
	

	9.4 OTA Output power dynamics
	0.4 dB
	 
	Differential EIRP
 - many OTA errors cancel out
 - Similar to conducted

	
	
	
	

	
	
	
	

	9.5 OTA Transmit ON/OFF power
	2 dB, f ≤ 3.0GHz
2.5 dB, 3.0GHz < f ≤ 4.2GHz
	±2.0 dB , f ≤ 3.0 GHz
±2.5 dB, 3.0 GHz < f ≤ 4.2 GHz
	co-location requirement - MU unknown
 - very low power levels effected by noise.

	
	
	
	

	9.6  OTA Transmitted signal quality - freq Error
	12Hz
	 
	Differential directional
 - power accuracy not important
 - Similar to conducted

	9.6  OTA Transmitted signal quality - EVM
	1%
	
	

	9.6  OTA Transmitted signal quality - TAE
	25ns
	
	

	9.7 OTA Unwanted Emissions

	9.7.2 OTA occupied bandwidth
	0 kHz
	For E-UTRA:
1.4MHz, 3MHz Channel BW: ±30kHz
5MHz, 10MHz Channel BW: ±100kHz
15MHz, 20MHz: Channel BW: ±300kHz
	Differential directional
 - power accuracy not important
 - Similar to conducted

	
	
	
	

	
	
	
	

	9.7.3 OTA Adjacent Channel Leakage power Ratio
	0.8dB (relative Req.)
0dB (absolute Req.)
	ACLR ±0.8 dB
Absolute power ±2.0 dB, f ≤ 3.0GHz
Absolute power ±2.5 dB, 3.0GHz < f ≤ 4.2GHz
CACLR ±0.8 dB
CACLR absolute power ±2.0 dB , f ≤ 3.0 GHz
CACLR absolute power ±2.5 dB, 3.0 GHz < f ≤ 4.2 GHz
	Differential TRP
 - many errors cancel out
 - low power adjacent signal may be effected by  noise and test system DR.
Absolute TRP
 - no TT applied, MU still needed
 - low level TRP affected by noise and test system dynamic range

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	9.7.4 OTA Spectrum emission mask / 9.7.5 OTA Operating band unwanted emission
	1.5db (low offsets) (1.8dB>3GHz)
	±1.5 dB , f ≤ 3.0 GHz
±1.8 dB, 3.0 GHz < f ≤ 4.2 GHz
	

	
	0dB (large offsets)
	
	

	Out of band spurious emissions - Mandatory Req.
	0dB
	9 kHz < f ≤ 4 GHz: ±2.0 dB
4 GHz < f ≤ 19 GHz: ±4.0 dB
	TRP measurement over wide frequency range
 - No TT applied, MU still needed
 - test time reduction very important
 - test errors likely to be larger

	
	
	
	

	
	
	
	

	
	
	
	

	Out of band spurious emissions - own BS Rx
	0dB
	±3.0 dB
	co-location requirement - MU unknown
 - very low power levels effected by noise.

	
	
	
	

	Out of band spurious emissions - co-existence
	0dB
	±2.0 dB for > -60dBm , f ≤ 3.0 GHz
±2.5 dB, 3.0 GHz < f ≤ 4.2 GHz
±3.0 dB for ≤ -60dBm , f ≤ 3.0 GHz
±3.5 dB, 3.0 GHz < f ≤ 4.2 GHz
	Band specific TRP measurements
 - similar to mandatory spurious emissions but power level lower, noise and test range DR more important.

	
	
	
	

	Out of band spurious emissions - co-location
	0dB
	±3.0 dB
	co-location requirement - MU unknown
 - very low power levels effected by noise.

	
	
	
	

	TX IMD
	 
	The value below applies only to the interfering signal and is unrelated to the measurement uncertainty of the tests (6.6.1, 6.6.2 and 6.6.4) which have to be carried out in the presence of the interferer.
 
±1.0 dB
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