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Introduction
In RAN #85, the new SID [1] was approved to enhance the FR2 testing methodology. One of the objectives in the SID is to define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing and the details of the objective are listed as follows:  
-  Considering polarization basis mismatch between the test equipment and UE and UE implementations which may be impacted by this mismatch
-  Study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement
-  Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-  Possible enhancements may be described as
-  Downlink polarization sweeping by the test equipment (i.e. introducing an additional degree of freedom for polarization alignment of the measurement antenna)
-  The use of circular polarization to perform measurements
-  Coherent combining and demodulation of orthogonally polarized received signals in the test equipment
-  Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive and demodulate the signal transmitted by the UE
-  Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement
-  Other approaches are not precluded

In this contribution, we provide our views on the test procedure of EIRP measurement for all possible UE behaviors during conformance test.
2 Tx simultaneous transmission by UE
As discussed in [2] and [3], some UEs may transmit each polarization simultaneously during the conformance test and the details of this type of UE’s behavior can be described as follows:

1. Test system transmits DL signals sequentially on each polarization
2. 2 Rx antennas receive DL signal
3. UE determines the corresponding UL per polarization
4. UE transmits max power on each polarization
5. Test system measures the UL signals from each polarization

Unfortunately, this type of UE can’t always transmit UL signals on each polarization due to the polarization mismatch between the test system and the UE. In other words, the UE only triggers one polarization which has the strongest DL signal.

Observation 1: Some UEs may transmit each polarization simultaneously during the conformance test and this type of UEs can’t always transmit UL signal on each polarization due to the polarization mismatch between a test system and a UE. 

In [4], RAN4 defined the EIRP as shown below. 

1. EIRP (PolLink=θ) = EIRP (PolMeas=θ, PolLink=θ)  + EIRP (PolMeas=φ, PolLink=θ) 
2. EIRP (PolLink=φ) = EIRP (PolMeas= φ, PolLink= φ) + EIRP (PolMeas= θ, PolLink= φ)
3. The total component of EIRP = Maximum (EIRP (PolLink=θ), EIRP (PolLink=φ))

Since the total EIRP is measured by taking a maximum value between EIRP (PolLink=θ) and EIRP (PolLink=φ)), the polarization gain can be missed in the case of transmitting only one polarization from the UE. One important thing to remind is that the polarization gain was assumed by RAN4 when defining the EIRP requirements such as peak EIRP and EIRP spherical coverage. In [5], companies suggested the polarization gain in the range between 2.0 dB and 2.8 dB when they proposed peak EIRP values for 28 GHz.

In order to address this polarization mismatch issue, [2] and [3] suggested enhanced the measurement procedure as follows:
· DL polarization sweeping by the test equipment
· The use of circular polarization (CP) to perform EIRP spherical coverage testing
· The polarization scan for MOP-EIRP and MOP-spherical coverage UL measurements
· The polarization scan for UL Transmit Signal Quality Measurements

Thanks to [2] and [3] for introducing the polarization scan and it can be useful to minimize the polarization mismatch between a test system and a UE. On the downside, the polarization scan method will increase test times by a factor of N (# of polarization scan). Some UE vendors may use the current test procedure instead of applying the polarization scan method if they do not want to increase test time. In the case that a certain UE needs to be tested with the polarization scan during the conformance test, two alternatives can be considered as follows:

1. A UE can declare whether the polarization scan method is included during the conformance test or not.
2. A UE can report N (# of polarization scan) to let the test system that this type of UE can support the polarization scan.
If there are some UEs that do not support the polarization scan method, then they still can use the current test procedure for the EIRP measurement.

Observation 2: Introducing the polarization scan method can be beneficial to minimize the polarization mismatch between a test system and a UE. On the downside, this method will increase test times by a factor of N (# of scanning sector). If N is not chosen carefully, then the test times will be increased significantly.
1 Tx transmission by UE
Unlike the UE that can transmit each polarization simultaneously, some UEs always transmit the best polarization which has the strongest DL signal and this type of UE never triggers each polarization to transmit simultaneously during the conformance test. Let’s first take a look at the details of this type of UE behavior as shown below.

1. Test system transmits DL signals sequentially on each polarization
2. 2 Rx antennas receive DL signal
3. UE determines the corresponding UL for the best polarization
4. UE transmits max power on the best polarization
5. Test system measures the UL signal from the best polarization

Although the UE always transmit one polarization at a time, the same EIRP equation is used as shown below.

1. EIRP (PolLink=θ) = EIRP (PolMeas=θ, PolLink=θ)  + EIRP (PolMeas=φ, PolLink=θ) 
2. EIRP (PolLink=φ) = EIRP (PolMeas= φ, PolLink= φ) + EIRP (PolMeas= θ, PolLink= φ)
3. Maximum (EIRP (PolLink=θ), EIRP (PolLink=φ))

Since we take a maximum EIRP between EIRP (PolLink=θ) and EIRP (PolLink=φ) for this 1 Tx only transmission case, the polarization gain can never be included in the total EIRP during the conformance test. It must be noted that there will be no double count on the polarization gain when a UE always transmit one polarization. As mentioned above, RAN4 already took the polarization gain account for defining the EIRP requirements. Therefore, the polarization gain needs to be added in [4] by introducing separated EIRP equation for 1 Tx only transmission case.

1. EIRP (PolLink=θ) = EIRP (PolMeas=θ, PolLink=θ)  + EIRP (PolMeas=φ, PolLink=θ) 
2. EIRP (PolLink=φ) = EIRP (PolMeas= φ, PolLink= φ) + EIRP (PolMeas= θ, PolLink= φ)
3. The total component of EIRP for 1 Tx transmission case = Sum (EIRP (PolLink=θ) + EIRP (PolLink=φ))

Observation 3: The polarization gain can never be included in the total component of EIRP for 1 Tx only transmission case during the conformance test if RAN4 keeps to use the current EIRP (maximum approach).

Observation 4: Summation approach can correct the total component of EIRP for 1 Tx only transmission case during the conformance test.
Conclusion
Observation 1: Some UEs may transmit each polarization simultaneously during the conformance test and this type of UEs can’t always transmit UL signal on each polarization due to the polarization mismatch between a test system and a UE. 
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Proposal 1: The polarization scan method should be an optional test procedure during conformance test.
Alt1. A UE can declare whether the polarization scan method is included during the conformance test or not.
Alt2. A UE can report N (# of polarization scan) to let the test system that this type of UE can support the polarization scan.

Proposal 2: RAN4 should use the summation approach to define the total EIRP in the case of 1 Tx only transmission during the conformance test.
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