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1. Introduction
It has been agreed that co-location method shall be used in testing of co-location spurious emissions, Tx OFF power, Tx IMD and co-location blocking. This document proposes a test method for transmitter intermodulation.
2. Discussion
The measurement procedure consists of two stages, calibration and measurement. As co-location antenna is used to inject the blocking signal, only cable and matching losses between co-location antenna and measurement equipment needs to be calibrated when it comes to the blocker signal. 
Additionally, the path and cable losses need to be calibrated to be able to measure the emissions as TRP. The calibration and measurement procedure is described in a companion document [1]. For convenience the text is copied below and the added text has been highlighted. It should be noted that the calibrations do not need to be repeated if they are already done when testing other requirements.
An illustration of typical CATR measurement setup for co-location requirements is provided in figure 1.
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Figure 1: A typical CATR measurement setup for co-location based measurements
The proposed test of method is described below. It should be noted that some terms and references need updates when the conformance specification has reached a more stable state and when test models and configurations are available for NR.

Initial conditions

Test environment:

-
normal; see clause B.2. in TS 37.145-1
RF channels to be tested for single carrier:

-
M see subclause 4.12.1.

Base Station RF Bandwidth positions to be tested for multi-carrier: 

-
BRFBW, MRFBW and TRFBW in single-band operation; see subclause 4.12.1; BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see subclause 4.12.1.
Directions to be tested: The reference beam direction pair (see table 4.10-1, D9.7) 
Procedure

Stage 1 - Calibration:

1)
Path loss calibration C→A:

a)
Place a SGH (Standard Gain Horn) antenna in the position of the DUT (Device under Test). 

b)   Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓSGH.

c)
Measure cable loss from point C to input of SGH, call this LC↔SGH which is the equivalent of 20log|S21| from the use of a network analyser.

d)
Calculate the combined total path loss from C→A by using the following expression:

-
LSGHcal = LC,SGH + 10log(1 - |ΓSGH|2) - GSGH;

-
where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)
Connect SGH and C↔A cable.

3)
To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the beam peak direction of range antenna.

4)
Measure path loss C→B with network analyser LC→B = 20log|S21|.

5)
Calculate the test path loss compensation factor.  This is the total path loss between A↔B using the results from step 1d and 4. LA→B = [image: image3.png]
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 - LC→B.
           where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyser).
6) Cable and matching loss calibration for co-location reference antenna
- For each polarization supported by the co-location reference antenna
  a)
Measure co-location reference antenna reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓANT.

b) Measure cable loss from point C to input of co-location reference antenna, call this L ANT↔C which is the equivalent of 20log|S21| from the use of a network analyser.
c) Calculate the combined total path loss from C to co-location reference antenna using the following equating 

Lcal = L ANT↔C + 10log(1 - |ΓANT|2)
Stage 2 - Measurement:

1) Connect the cable between co-location reference antenna and measurement equipment point C
2) Set up OTA AAS BS/NR BS type 1-O (DUT) in place of SGH from the calibration stage, ensure that the co-location antenna and DUT are positioned as described in subclause X. 
3) Configure measurement equipment to transmit the blocking signal through each polarization of the co-location measurement antenna at appropriate level for the BS class as specified in section 6.X.X

4)   Configure all OTA AAS BS/NR BS type 1-O TX branches according to a maximum power requirement for a single carrier.

5)
 Set the DUT to transmit the test signal according to appropriate test model.

Optional pre-scan method can be inserted here!

6) Set the spectrum analyser start frequency ([image: image9.png]Firmre



) and stop frequency ([image: image11.png]fton



) to the lowest ([image: image13.png]


) and highest ([image: image15.png]


)  frequency of any third and fifth order intermodulation product which appear in the frequency ranges defined in subclauses 6.X.X. The width of the intermodulation products shall be taken into account. 
7) Set the spectrum analyser resolution bandwidth in accordance with the measurement bandwidth requirement as specified in TS 37.105 or TS 38.104. 

8) Set the number of trace points in a sweep by the spectrum analyser to ≥ 2 x span / MBW (Measurement Bandwidth), where [image: image17.png]span = firow — fotare



.

a. Configure the sweep time of the spectrum analyser to less than the transmission duration:

b. If transmission is continuously, set the sweep time ≥ (10 × symbol period × number of points). 

c. If transmission is non-continuously, employ the analyser gated sweep (i.e., gate triggered in such a way that the analyser only sweeps when the DUT is transmitting). 

9) Select the spectrum analyser power detection mode to power averaging. 

10) Select a suitable spherical sampling grid (e.g., spherical equal area sampling grid, spherical uniform sampling grid, etc.) and determine the total number of spherical points T = FFS.    

12)  Set the DUT position to the first point from the set of T points in the sampling grid.  

13) Measurements should be made with the measurement antenna oriented in both orthogonal polarizations. If the measurement antenna supports single polarization, then it should be oriented in one polarization at a time. 

14) Record two orthogonal polarized mean power levels (Pmeas,p1, Pmeas,p2), spurious emission frequency and DUT position for each measurement bandwidth in list L  

15)
 Move the DUT to the next point and repeat Steps 11-12 until all T spherical points are completed. 

16) For each Pmeas sample in L, calculate and record EIRP in L, where EIRP = Pmeas + LA→B  dB.

17) Calculate TRP (using the formula for the sampling grid selected in Step 9) for each measurement bandwidth using the EIRP samples in L.


18) If the measurement antenna is unable to cover the entire measurement frequency range, install the next measurement antenna appropriate to the frequency range under measurement and repeat Steps 6 to 15.

Test Requirement
The measured transmitter intermodulation level shall not exceed the TRP unwanted emission limits specified for 
· OTA transmitter spurious emission in subclause 6.X.X (spurious emission for co-location with other base stations)

· OTA operating band unwanted emission out-of-band emissions in subclause 6.X.X 

· OTA ACLR in subclause 6.X.X
3. Conclusion
In this contribution a test method for transmitter intermodulation was proposed. The proposed test method should serve as a baseline for further optimization.
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