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1 Introduction
Conformance of OTA sensitivity for AAS has been discussed during the past few meetings and the general procedure for testing this requirement has been agreed and captured in [1]. Despite of the general progress on the topic, the configuration of the transmitted signal is not fully clear. This also means that the carrier configuration for the transmitted signal along with the power (EIRP) allocation remains to be agreed upon. This paper addresses this issue and provides proposals on the TX carrier configuration required to test the OTA RX sensitivity requirements.
2 Discussion
Conformance testing of the conducted RX sensitivity requirements

The test procedures and carrier configurations for testing the conducted RX sensitivity requirements are captured in 37.145-1. It is to be noted that the RX sensitivity requirements are tested with the transmitter switched on. This is done to ensure that the receiver can process the wanted signal (coming from another source, i.e. signal generator in this case) in the presence of distortion from the equipment’s own transmitter (such as, for example leakage from the co-located electronics, or PIM from the antenna or RDN structure). An example illustration to demonstrate this concept is provided in figure 1 where the wanted signal is transmitted from a signal generator and at the receiving end, the TX is also switched on which causes certain distortion at the RX. 
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Figure 1: RX sensitivity test concept illustration

The measuring system set-up is shown in the figure below and the procedure to test the conducted RX sensitivity requirement is also copied below from [2].

[image: image2]
Figure D.2.1-1: Measuring system Set-up for Reference sensitivity level Test
<Start of excerpt from 37.145-1>

7.2
Reference sensitivity level

…………

7.2.4 
Method of test

7.2.4.1
Initial conditions
Test environment: 
normal; see Annex B.2.

RF channels to be tested for single carrier: 
B, M and T; see sub-clause [4.12.1].

On each of B, M and T, the test shall be performed under extreme power supply as defined in Annex B.3.

NOTE:
Tests under extreme power supply also test extreme temperature.

7.2.4.2
Procedure

The minimum requirement is applied to all TAB connectors, the procedure must be repeated until all TAB connectors necessary to demonstrate conformance have been tested; see sub-clause 7.1.
1) Connect TAB connector to measurement equipment as shown in annex D.2.1. All TAB connectors not under test shall be terminated.

2) Set all TAB connectors declared in the same RAT and operating band to transmit a signal according to sub-clause 4.12.2 at manufacturers declared rated output power PRated,c,TABC.

3) Start the signal generator for the wanted signal to transmit:

· 12,2kbps DPCH with reference measurement channel defined in annex A in 3GPP TS 25.141 [18] (PN-9 data sequence or longer) for UTRA FDD, 
· UL reference measurement channel (12.2 kbps) defined in annex A.2.1 in 3GPP TS 25.142 [19] for UTRA TDD 1,28Mcps operation
· The test signal mean power as specified in sub-clause 7.2.5.3 for E-UTRA

 to the TAB connector.

4)
For UTRA FDD disable the TPC function.

5)
Set the signal generator for the wanted signal power as specified in sub-clause 7.2.5

6) 
Measure:

· BER according to annex C in 3GPP TS 25.141 [18] for FDD UTRA.

· BER  according to annex F in 3GPP TS 25.142 [19] for TDD UTRA.

· Throughput according to Annex E in 3GPP TS 36.141 [17] for E-UTRA

In addition, for multi-band TAB connector(s), the following steps shall apply:

7)
For multi-band TAB connectors and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

<End of excerpt from 37.145-1>

From the procedure above, the following key observations can be made:

Observation set 1: 

1. The TX signal (that causes distortion at the RX) is a single carrier signal transmitted at the declared rated carrier output power PRated,c,TABC.
2. The wanted signal (generated by the signal generator) and to be received at the RX is also a single carrier as noted in the applicability tables in clause 5.3.4 of [2].

Similarly, if we take a look at the test configuration and procedures conducted BS output power, we find that for the case of single carrier, the test is performed at the rated carrier output power:
<Excerpt from 37.145-1 BS output power test procedure: 6.2.2>

Set each TAB connector to output according to the applicable test configuration in clause 5 using the corresponding test models or set of physical channels in sub-clause 4.12.2. For single carrier set the TAB connector to transmit at manufacturers declared rated carrier output power per TAB connector (PRated,c,TABC).

Additionally, for the multi-carrier case, applicable test configurations from clause 5 are followed to generate the carriers such that sum of the carrier powers equals to the rated total output power Prated,RAT,TABC.

Observation 2: 

1. The BS output power conducted test is performed for both SC and MC case. The single carrier output power test ensures that the transmitters are configured at the maximum supported power and thus power amplifiers are operating at full capacity.
Radiated testing of the conducted RX sensitivity requirements

Similarly, we try to analyze the testing of the radiated (OTA) RX sensitivity requirements in 37.145-2 to see which conclusions can be drawn. The measurement setup is shown in the following figure:
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Figure D.1.1: Measurement set up for OTA sensitivity
Same principles as followed for testing the conducted RX sensitivity are followed and the transmitter is required to be switched on when testing the RX sensitivity requirement. The following excerpt shows the test procedure for the RX sensitivity requirement in 37.145-2.

<Start of excerpt from 37.145-2>

7.2
OTA sensitivity

…………

7.2.4
Method of test

7.2.4.1
Initial conditions

Test environment:
Normal:
see Annex B.

RF channels to be tested:
B, M and T; see clause 4.12.1

Directions to be tested:
receiver target reference direction (see table 4.10-1, D10.9), conformance test directions (see table 4.10-1, D10.10).

7.2.4.2
Procedure

OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in sub-clause 4.1.2. 

1) Place the AAS BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in Annex D1.1. 
2) Align the manufacturer declared coordinate system orientation of the AAS BS with the test system.
3) Set the AAS BS in the direction to be tested.

4) Ensure the polarisation is accounted for such that all the power from the test antenna is captured by the AAS BS under test.

5) Set the AAS BS to transmit the beam(s) of the same operational band and RAT as the OSDD being tested according to the appropriate test configuration in sub clause 4.11.2.7.

6) Start the signal generator for the wanted signal to transmit:
· 12,2kbps DPCH with reference measurement channel defined in annex A in 3GPP TS 25.141 [18] (PN-9 data sequence or longer) for UTRA FDD, 
· UL reference measurement channel (12.2 kbps) defined in annex A.2.1 in 3GPP TS 25.142 [19] for UTRA TDD 1,28Mcps operation
· The test signal as specified in sub-clause 7.2.5.4 for E-UTRA

7) Set the test signal mean power so the calibrated radiated power at the AAS BS Antenna Array coordinate system reference point is as specified in sub-clause 7.2.5
8) Measure 
· BER according to annex C in 3GPP TS 25.141 [18] for FDD UTRA.

· BER  according to annex F in 3GPP TS 25.142 [19] for TDD UTRA.

· Throughput according to Annex E in 3GPP TS 36.141 [17] for E-UTRA
9)  Repeat steps 3 to 9  for all OSDD declared for the AAS BS
For multi-band capable AAS BS and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carriers activated in the other band.

<End of excerpt from 37.145-2>

From the procedure above, the following key observations can be made:

Observation set 3: 

1. The wanted signal (generated by the signal generator) and to be received at the RX is a single carrier and the generation of this carrier is according to the ATCRX test configurations captured in subclause 4.11.2.7

2. The TX signal (that causes distortion at the RX) is currently not clearly defined and the clause gives the impression that this carrier should be a single carrier generated according to 4.11.2.7. The EIRP allocation for this signal is also not defined (clause 4.11.2.7.4 (“text to be added”)

Additionally, we note that the radiated transmit power test in 37.145-2 is only tested in multi-carrier configuration to test the EIRP accuracy. This can be observed in the radiated transmit power procedure (subclause 6.2.4)

<End of excerpt from 37.145-2>


Set the base station to transmit according to the applicable test configuration in clause [5] using the corresponding test mode in sub-clause [4.12]. 

For a BS declared to be capable of multi-carrier and/or CA operation, set the base station to transmit according to applicable test configuration in clause [5] using the applicable test configuration and corresponding power setting specified in sub-clause [4.10] and [4.11].

Even though the text above may give the impression that the first statement refers to the SC test, it in fact points to the MC test configurations in the applicability tables.

Observation 4:

The EIRP accuracy test or the radiated transmit power test is only tested in the MC configuration which ensures that the transmitters are configured at the maximum supported power and thus power amplifiers are operating at full capacity.

Since the radiated power of the BS is not fully tested in SC operation, if the TX signal in the radiated RX sensitivity is a SC, there is no way to ensure that the transmitters are configured at the maximum supported power and thus power amplifiers are operating at full capacity. This may result in incorrect testing of the RX sensitivity requirements.
A more reliable approach in testing the radiated sensitivity requirements would be to do the following:

Proposals for the Radiated RX sensitivity test
1. Keep the wanted signal as it is defined today.

2. Define the TX signal according to the principles followed for EIRP signal generation. As noted before in observation set 4, the EIRP accuracy requirement already tests this signal and ensures that the transmitters are configured at the maximum supported power.

This approach will have the minimum impact from both the specification and test effort view point and will guarantee that all the PAs are operating at maximum capacity when performing the radiated RX sensitivity test.

On may argue that an alternative is to specify a single carrier test for the EIRP requirement and use that configuration to test the OTA RX sensitivity. However, this would introduce an additional test for the EIRP requirement. Additionally, testing the OTA RX sensitivity requirement with one carrier would still mean that the power allocated to that carrier would be the rated carrier output power declared for MC operation which does not test the worst case for the RX sensitivity.
Text proposal implementing this change for the TS 37.145-2 is provided in [3]
3 Conclusion

This paper discussed the carrier configuration of the wanted and TX (interfering) signal generated as part of the OTA radiated sensitivity conformance testing. In summary, the following observations and proposals are made:
Observation set 1: 

1. The TX signal (that causes distortion at the RX) is a single carrier signal transmitted at the declared rated carrier output power PRated,c,TABC.
2. The wanted signal (generated by the signal generator) and to be received at the RX is also a single carrier as noted in the applicability tables in clause 5.3.4 of [2].

Observation 2: 

1. The BS output power conducted test is performed for both SC and MC case. The single carrier output power test ensures that the transmitters are configured at the maximum supported power and thus power amplifiers are operating at full capacity.

Observation set 3: 

1. The wanted signal (generated by the signal generator) and to be received at the RX is a single carrier and the generation of this carrier is according to the ATCRX test configurations captured in subclause 4.11.2.7

2. The TX signal (that causes distortion at the RX) is currently not clearly defined and the clause gives the impression that this carrier should be a single carrier generated according to 4.11.2.7. The EIRP allocation for this signal is also not defined (clause 4.11.2.7.4 (“text to be added”)

Observation 4:

The EIRP accuracy test or the radiated transmit power test is only tested in the MC configuration which ensures that the transmitters are configured at the maximum supported power and thus power amplifiers are operating at full capacity.

Proposals for the Radiated RX sensitivity test
1. Keep the wanted signal as it is defined today.

2. Define the TX signal according to the principles followed for EIRP signal generation. As noted before in observation set 4, the EIRP accuracy requirement already tests this signal and ensures that the transmitters are configured at the maximum supported power.

Text proposal implementing this change for the TS 37.145-2 is provided in [3].
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