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1 Introduction

This paper discusses the transmitter characteristics and RF requirements for AAS.
2 Discussion
The purpose of this document is to review the main transmitter requirement parameters (Output power, ACLR, EVM) and compare them with an AAS system against those used the existing passive antenna legacy system. The transmitter requirements should:

· Be derived using similar methods as the original legacy BS.

· Have a common point of reference with legacy systems for direct comparison.
Transmitter requirements fall into a number of categories

· Absolute requirements

· Total power output

· Absolute levels of spurious 

· Relative requirements

· EVM

· ACLR

Transmitter requirements may be absolute or relative, relative measurements could be regarded as a subset of absolute requirements as they are the difference between 2 absolute measurements.

There are also 2 types of signal in the AAS,

· Correlated signals which form the antenna beam pattern.

· Partially correlated signals which form a pattern approach the antenna element/sub array pattern.

2.1 Signal definitions

2.1.1 Correlated signals

Correlated signals can included the wanted signal and unwanted signals which are identical for each element/sub array. An example of a correlated signal is the noise generated by a BB CFR (crest Factor Reduction) function. As the CFR is applied in the BB and is identical on every path the noise generated from the function will be fully correlated between the element/sub array paths. Correlated signals and correlated noise will form the same antenna abeam pattern and hence maintain any relative relationship to each other over the antenna pattern. This is equivalent to a standard BTS and passive antenna system. Measurements can be taken as a maximally combined composite signal or as the sum of the contributions from the individual paths which is equivalent to measurement in the centre of the main beam.
2.1.2 Partially correlated signals

Partially correlated signals are all unwanted (as known / wanted signals are correlated). They include all signals which are not fully correlated and as the correlation factor approaches 0 (fully uncorrelated or noise like) the antenna beam pattern approaches that of the element/sub array pattern. An example of un-correlated unwanted signal is thermal noise. This by definition is random and hence un-correlated between different element/sub array paths. This phenomenon is unique to AAS systems (compared to standard BTS and passive antenna systems). As it is not possible to know the correlation level of any unwanted signal, the requirement must be valid irrespective of correlation level.
It can be seen from Figure 1 that whatever the correlation level the power sum of the element/sub array signals is consistent (and equal to the element/sub array beam shape). Hence unwanted signals can be defined as the sum of the element/sub array unwanted signals and obtain a consistent result which is irrespective of correlation level.
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Figure 1. Antenna beam pattern unwanted signals (rho 0 to 1) and power sum of unwanted signals (dashed)

2.2 Port Definitions

3GPP 36.104 states

‘Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions.’
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 Figure 2. 36.104 Transmitter test port definition
For the purposes of discussion we need to define some more ports
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Figure 3. Legacy BTS port definitions


Figure 4. AAS port definitions
The antenna parts are shown for reference only. Mixers represent the transmitter parts.

The Legacy system port A is the antenna input connector (as defined in 3GPP), B is point in BB where the Modulated signal is generated. The AAS system has no port A, however B is the same as in the legacy system. Also introduced are the distributed ports, dN being the input/output of the element/sub array antennas and eN the BB distributed signal prior to the summing block. In following discussions all gains are normalised.
2.3 Output Power
Output power requirements in 3GPP 36.104 defines several different terms for the output power of the BTS:

Output power, Pout,

of the base station is the mean power of one carrier delivered to a load with resistance equal to the nominal load impedance of the transmitter. 

The maximum total output power (Pmax),

of the base station is the mean power level measured at the antenna connector during the transmitter ON period in a specified reference condition. 

Rated total output power 

of the base station is the mean power for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period.

Maximum output power (Pmax, c) 

of the base station is the mean power level per carrier measured at the antenna connector during the transmitter ON period in a specified reference condition. 

Rated output power, PRAT, 

of the base station is the mean power level per carrier for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period. 

All definitions share the fact the power measured is the mean power at the antenna connector in the transmitter ON period, for the purposes of the AAS discussion we refer to output power, the subtle differences between the definitions can be taken care of in any test procedures.

In addition the accuracy of the output power is defined:

‘In normal conditions, the base station maximum output power shall remain within +2 dB and -2 dB of the rated output power declared by the manufacturer.‘
There are also regional requirements which may limit maximum output power or limit maximum EIRP. Safety requirements for radiated emissions may also impose requirements on Field strength .

Some requirements require total output power (at antenna connector) and some require radiated power or total output power and antenna gain. In all cases however the measurement is of power only, not signal quality (unlike Receiver sensitivity which needs the signal to be of a sufficient quality to demodulate)

The Maximum power therefore can be regarded as the sum of the element/sub array powers. This is equivalent to the power when all the signals add coherently (in the main beam).
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Figure 5. Output Power definition
2.3.1 Output Power vs. EIRP
As the AAS system includes an integrated antenna then the possibility of measuring radiated power directly.
Output power and EIRP  are linked by the antenna gain.
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In reality to meet all regulations both values will be required. So whatever the method of definition the antenna gain will be required independently to extract the other parameter (unless both are measured).
Conducted tests will measure Pout directly
OTA tests will measure EIRP directly.

Currently 3GPP specified Pout and EIRP is in other regulations, hence for continuity it makes more sense to specify Pout and the de-embed antenna gain.

2.4 ACLR
ACLR is a measure of the unwanted power in the adjacent channel with respect to the wanted signal.

3GPP 36.104 states:

‘Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.‘
ACLR is a ratio but the definition also contains an absolute limit,  ref : 3GPP36.104 §6.6.2.1 :

‘For Category A Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -13dBm/MHz apply, whichever is less stringent. 
For Category B Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -15dBm/MHz apply, whichever is less stringent.’

In the case of the absolute limit this is the adjacent channel power measured at the antenna connector.
2.4.1 Legacy system ACLR requirement

Derivation of the ALCR requirement is given in 3GPP 36.942, §5.1.1.9 states:

‘Simulation results for E-UTRA as victim shall be presented in terms of throughput reduction in percent relative to the reference throughput without external interference vs. ACIR, separately for all UE and for the 5% throughput CDF UE ‘ 
A figure of 5% throughput degradation is used as a pass criteria for the test. There is no reference to this (that I can find) in 36.942, however in 25.942  §5.1.7.2.1

‘Downlink simulations are done so that single operator network is loaded so that 95 % of the users achieve an Eb/No of at least (target Eb/No -0,5 dB) (i.e.: 95 % of users are satisfied) and supported number of users N_DL_single is then measured.’
This seems to be the source of the 5% degradation level.

The details of the absolute limit derivation are not shown.
2.4.2 AAS ACLR requirement

Simulations have shown that the throughput reduction target can be met with the AAS system if the ACLR level at the individual transmitter output is greater than 45dBc irrespective of the correlation level of the adjacent channel signals. However, the spatial ACLR is sensitive to the correlation level and the measurement results could be misleading if the spatial selectivity of ACLR is not properly handled. How to handle this needs further investigation. 
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And the absolute test limit (Class A Wide area) is given by:


[image: image9.wmf]x

dBm

Padj

Padj

N

n

d

n

+

-

³

÷

ø

ö

ç

è

æ

=

å

=

13

log

*

10

1

10


, 

(x to be specified later)

Simulations have not been done as to the absolute limit value, hence it will be defined later.
Note the relative requirements can be applied to the element/sub array signals separately but the absolute level requires them to be added to form a total.
2.5 EVM

EVM is defined in 36.104 §6.5.2 as a percentage: 

The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.
Simulations have shown that no impact on the throughput with the AAS system if the EVM level at each individual transmitter is met irrespective of the correlation level between the transmitters.
However, the spatial EVM is very sensitive to the correlation level and measurement results could be misleading if the spatial selectivity of EVM is not properly handled. How to handle this needs further investigation 
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. 

Additional question is how to handle the equalization process for AAS. This makes the process of analysing the addition of the in-band unwanted signals more complex, this should be further investigated.
3 Testing

3.1 Power measurement
The wanted and unwanted signals in the output power and ACLR tests can be tested using any of the available test techniques.

3.1.1 Conducted test – element/sub array level

The reference definition point needs to be confirmed however once it is, measuring power at the element/sub array level and adding together is possible.
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Both the wanted power level and the unwanted power at each dn is measured and summed separately. Both Output power and ACLR can then be derived from these measurements.
3.1.2 Conducted test – System

If the system is tested as a complete system then the wanted and unwanted signals need to be treated separately.

Wanted signals can be assumed (or be forced to be) correlated so can be measured in a single measurement.

Unwanted signals have unknown correlation level so must be measured separately and added (see §2.1.2)
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Element/sub array paths can be measured separately by turning the paths on one at a time. If this is not possible in the hardware then this measurement cannot be done with a combiner.

This method of test connectivity is similar to the one currently defined in 3GPP 36.104 (coherent combiner) but the test method and limits have been modified to suit the AAS requirements. 

3.1.3 OTA – Near field Probe

A near filed probe is a receiving antenna which is placed close to the antenna and has a fixed relationship between the antenna directivity and the probe received power level
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Figure 6. OTA test – near field probe
A single probe acts in a similar way to the coherent combiner, hence the wanted signal can be measured as a combined signal or as the sum of the element/sub array signals.
The unwanted signals must be measured as the sum of the element/sub array signals.

The relationship between the probe and the antenna in such close proximity is unknown. Hence the system must be carefully calibrated. It is not known exactly how this will be done at this stage. However it will require knowledge of eth antenna directivity hence the antenna beam pattern and directivity must be known.

In this case the relationship between the entire AAS array and the probe as well as the relationship between individual element/sub arrays and the probe must be known.

3.1.4 OTA – Far field test.

A far field test will involve a test antenna of known gain at a known path loss. The calibrated power measured will be dependent on the AAS antenna gain.
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Figure 7. OTA test – Far field.
Once again if the receive antenna is in a fixed location then it measures the signal in the main beam, in a similar way to the coherent combiner.

The wanted signal measured will be:


[image: image14.wmf]AAS

ANT

test

ANT

G

PL

G

Pmeas

Pwanted

_

_

-

+

-

=


However as the unwanted signal is the sum of the individual element/sub array signals
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Hence for the OTA test both the AAS antenna gain and the AAS element gain must be known.
Note. If the specification is made as an EIRP requirement then the wanted power can be measured without knowing the antenna gain, but the unwanted power measurement still requires knowledge of the element gain (or the difference between the element gain and the array gain).

For this measurement method a spatial window or several point in the spatial domain can be used were the ACLR and the spurious emission is measured. By using this method the correlation of the unwanted signals does not have to be assumed to be worst case. 
For the OTA the test method procedure of ACLR and spurious emission need to be further investigated. 

3.1.4.1 OTA – Far field test with multiple measurement locations 
The example for OTA far field is shown for a vertical array AAS below:
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Figure 8. OTA test – Far field, multiple measurement locations
The wanted signal once again can be measured in the main beam as before.
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The unwanted signal is given by
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θ is shown in 1˚ steps as an example.

3.1.5 Rayleigh Faded Multipath Over-the-Air test
The reverberation chamber test is a free space test in a chamber with reflective metal walls, providing inherent multipath signal propagation. Mode stirrers ensure a Rayleigh faded signal amplitude. 
The test method measures RF power for an in average isotropic signal distribution.
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Figure 9 Rayleigh fading test method with reverberation chamber

4 Conclusion
This paper discussed the transmitter characteristics and RF requirements for AAS. Further analysis and work can be carried out in the later stage.
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