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1 Introduction
In the last meeting a proposal was made to clean up the single polarisation emissions test method. Unfortunately in previous meetings some CR’s have been accepted which have already broken the original test method. Whilst the proposed clean up corrected the introduced error, they have changed the original meaning. This issue prompted further discussion was had over the technical feasibility and the necessity of the original test method. 

This paper provides further technical analysis on the method and also out view on its necessity.

2 Discussion
As the OTA measurements were originally developed for the AAS test specification (TS 37.145-2) and copied over to the NT specification (TS 38.141-2) this paper discusses the AAS specification under the assumption that NR will use the same method.
2.1 Background
2.1.1 Specification (AAS)
In the 1st release (13.0.0) of the AAS OTA conformance specification (TS 37.145-2) the EIRP measurement step was described in t sub-clause 6.2.4.2 as follows:

6)
Measure EIRP by either a) or b) below:

a)
If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS.

b)
If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

The 1st release contained only the hybrid requirements and wanted signal EIRP was the only emissions measurement.

In release 15 the rest of the OTA measurements were introduced and for each of the new OTA requirements the single polarisation measurement was modified in some cases to read (for example)
6)
Measure DL RS power EIRP by either a) or b) below:

a)
If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS. Sum the EIRP measured on both polarizations.

b)
If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

This was used in the following sub-clauses

6.3.3.4.2 - OTA E-UTRA DL RS power – i.e. wanted signal EIRP
6.4.2.4.2 - OTA UTRA Inner loop power control in the downlink – i.e. wanted signal EIRP

6.4.3.4.2 - OTA Power control dynamic range – i.e. wanted signal EIRP

6.4.4.4.2.3, 6.4.4.4.2.4 - OTA total power dynamic range– i.e. wanted signal EIRP

6.4.5.4.2 - OTA IPDL time mask– i.e. wanted signal EIRP

6.7.2.4.2 - OTA occupied bandwidth– i.e. wanted signal EIRP
The original EIRP accuracy measurement (6.2.4.2 – Radiated transmitter power) however remained unchanged and the TRP wanted power measurement (6.3.2.4.2 – OTA Base Station Output Power) also used the polarisation matching method.

2.1.2 Technical background

The original reason behind the single polarisation measurement was that a measurement facility with a single polarisation could be used to measure the radiated wanted signal power by using polarisation match.

A good summary/tutorial was provided during the AAS WI in [1].

A number of points can be made here:

· A single modulated signal can have only 1 polarisation in the far field

· If the same signal is radiated on 2 antennas with different polarisations then the signals will resolve in the air to form a 3rd polarisation.

· The power on each orthogonal polarisation can be extracted separately if required

· Signals of the same frequency which are non-coherent can be radiated on separate polarisations and remain distinct as the polarisations are orthogonal

As such if the radiated power is a single coherent signal then all for its power can be measured by matching the receiving antenna to the polarisation of the radiated signal.
For example:
BS has 2 polarisations +45°/-45°

· Transmits on +45°, antenna is perfect no cross polarisation leakage – receive antenna is matched to +45°

[image: image1.emf]
· Transmits on +45°, antenna has 10dB leakage into cross polarisation (-45deg)


Radiated signal is 38.7° 
[image: image2.wmf](

)

(

)

°

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

°

÷

÷

ø

ö

ç

ç

è

æ

-

°

÷

÷

ø

ö

ç

ç

è

æ

=

-

-

7

.

38

45

cos

10

10

45

sin

10

10

10

10

10

10

P

P

P

ATAN

A

 [image: image3.emf]
If receive antenna is matched to 38.7° the all of the power will be measured.

· Transmit the same power on both polarisations

If the modulated signal and the frequency is the same (as we only have 1 test model for radiated power it must be the same for test purposes) then the power will double and at 0° polarisation

[image: image4.emf]
If the receive antenna is matched to 0° then all the power will be measured.
Of course if some of the ower radiated on the cross polarisations were non-coherent as could be the case when looking at unwnated emmisiosn, spurious emssions, etc then the signal would remain distinct and it would not be possible to match polarisations.

Hence for measuremet of wanted signals it shold be sufficient to match polasriastions and measure the wanted signal radiated power.

2.2 Discussion

2.2.1 Analysis

For EIRP accuracy it seems that polarisation match is a suitable measurement technique (if it is useful is another issue), however there are a number of other measurement procedures in which the single polarisation method has been include and somewhat distorted.

All of the requirements where the single polarisation method is suggested are for the wanted signal. As such it would be expected that the measured signal is coherent and has a single polarisation (as described in the background section), however clearly there are additional factors when making other types of measurement:
· TRP - when measuring TRP measurements are taken in all directions – not just the intended direction. 

·  Polasrisation of an antenna is not constant over the entire sphere, it would be necessary to polasriation match seperatly at each point.

·  Many directions power close to or at the noise floor will be measured, noise power power the poslarisation of the nose power is not clear (if its measurement system conducted noise then it has no polsarisation of couse).

· Dynmaic range/IPDL time mask
·  High power signals are sufficuently above the noise floor that noise doesnot influence them, but low power siganls could be subvject to non-correclated noise which if it were subject to cross polasrisatin leakage could cause an error.

· DL RS power
· As a specific modulated signal is considered tehn it is lcearly a coherent sognal and can be measured by polarisation matching.

When measuring wanted power TRP almost all the power is contained in the main beam and it could be expected that in the main beam the effect of noise could be negligable. Also it would bseem likely that the main beam would be within the design paramteres of the antenan and as such the polarisation would be stable. So using polasrisation match around the full sphere would result in a very small error.

For unwanted emissiosn power TRP it is clearly not suitable.

For low power measurements, it is likely the noise of the measurement syustem would be the contributing factor before the nise of the trasmitter. Such noise is independent of the measuremet antenan polarsiation. If it is greater then the radiated noise tehn whne the polasrisation match is perfpormed then no peak will be found (as the conducted test equuipment noise will be flat). In some ways it could be considered that this gives a 3dB lower measurement noise floor than when using added orthogonal polsarisations – which is a good thing.
It could be noted that for EVM measurements, polasrisation matching is not mentioned in the procedure, but it is necasary, for signal quality (or any demodulated requirement) it is not possible to “add” orthogonal polasrisatiosn as the signal must be demodulated hnece polasrisation matching is necessary. Of course EVM demodualtion and analysis does not require all of the signal only enough to demodulate and analize, so exact polasrisation match is not essential. 

Also polsarisation match is inherent in all reciever measurements where it is necessary to demodulated the wanted signal. 
2.2.2 Practicality

Whilst it may be possible to use polarisation match to measure wanted signals, there is another issue of if it is practical. Clearly measuring any 2 orthogonal polarisations, whether at the same time or sequentially, is quicker as it is not necessary to perform the ‘polarisation matching’ procedure which would require searching for peak power. If this search were required to be done in each direction separately then it could take significant time – particularly if there were no peak as the full 360° would need to be search at each direction.

Even if a chamber only supported a single polarisation then it must be capable of rotating that polarisation through 360° so it must be capable of measuring 2 orthogonal polarisations.

So in terms of test time ensuring polarisation match will always require more measurements than measuring 2 polarisations and as such seems to be an unnecessary inclusion, particularly for low power measurements and directions.

2.2.3 Procedure text

As the concept of polarisation match has been confused in the existing option (a) and the existing text implies that 2 polarisation must be measured anyway, it seems unnecessary to include the process of polarisation matching at all. If this is the case then the existing text can be significantly simplified. The original text has 2 options:
6)
Measure DL RS power EIRP by either a) or b) below:

a)
If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS. Sum the EIRP measured on both polarizations.

b)
If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

However if 2 orthogonal polarisation are measured and summed it seems unnecessary to specify if they are measured at the same time or sequentially hence this can be simplified to:

6)
Measure DL RS power EIRP by measuring the EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
Proposal 1: For sub-clauses 6.3.3.4.2, 6.4.2.4.2, 6.4.3.4.2, 6.4.4.4.2.3, 6.4.4.4.2.4, 6.4.5.4.2 and 6.7.2.4.2 replace step 6 (or equivalent) with simplified text above.
The TRP measurement (subclause 6.3.2.4.2) currently does not include the text about summing 2 polarisations for option (a) however as discussed using polarisation matching for a TRP measurement is not straight forward and is likely not practical so the process could be simplified by just measuring 2 orthogonal polarisations. 
Proposal 2: For sub-clauses 6.3.2.4.2, step 6 with simplified text above.

For the EIRP accuracy measurement it seems that for the original release 13 there was a reason for adding the measurement option (a) for EIRP accuracy it seems it is a viable measurement option hence we see no problem with keeping it included. This also has the advantage that we do not need to consider any modifications to earlier (hybrid only) releases.

Proposal 3: For sub-clause 6.2.4.2, make no changes (i.e. keep option (a) for match polarisation method)

Finally the NR test specification (TS 38.141-2) should be updated with the same changes.

Proposal 4: Update TS 38.141-2 in the same way.

Summary
The measurement of the OTA wanted signal with respect to chambers which have only the capability to measure a single polarization and have been discusses and in particular the measurement procedure for polarisation matching introduced in release 13.
The following proposals are made with respect to updating the test specification (TS 37.145-2)

Proposal 1: For sub-clauses 6.3.3.4.2, 6.4.2.4.2, 6.4.3.4.2, 6.4.4.4.2.3, 6.4.4.4.2.4, 6.4.5.4.2 and 6.7.2.4.2 replace step 6 (or equivalent) with the simplified text:

6)
Measure DL RS power EIRP by measuring the EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
Proposal 2: For sub-clauses 6.3.2.4.2, step 6 with the same simplified text above.

Proposal 3: For sub-clause 6.2.4.2, make no changes (i.e. keep option (a) for match polarisation method)

Proposal 4: Update TS 38.141-2 in the same way.

The accompanying CR’s [2], [3] are provided.
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