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Introduction
In RAN#85, the new SID [1] was approved to study about enhancing test methods for FR2. One of the objectives in the SID is to find a solution to minimize the impact of polarization mismatch between a TE and a DUT during the current EIRP measurement. In this contribution, we provide our view on possible enhanced test methods of EIRP measurement for Rel-15 and Rel-16 FR2 UEs.
Background
As discussed in [2], assuming a UE transmits each polarization simultaneously, the current EIRP measurement procedure between the TE and the UE can be listed 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

Since the polarization mismatch can’t be avoided during the current EIRP measurement, the UE may trigger only one polarization. 

Observation 1: A UE capable of 2Tx transmission may trigger only one polarization due to the polarization mismatch.

According to [3], the equation of EIRP is shown as 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))

As shown in above, the total EIRP is determined by taking a maximum value between EIRP (PolLink=θ) and EIRP (PolLink=φ)). However, whenever the UE triggers only one polarization for transmission, the equation of EIRP does not include UE’s polarization gain. It should be noted that the polarization gain has been assumed by RAN4 when defined the EIRP requirements such as min. peak EIRP and EIRP spherical coverage. As you can see in [4], companies suggested some polarization gain values in the range between 2.0dB and 2.8dB when they proposed min. peak EIRP values for 28GHz.

Observation 2: Whenever the UE triggers only one polarization for transmission, the equation of EIRP does not include UE’s polarization gain.

Observation 3: UE’s polarization gain has been assumed when RAN4 defined the EIRP requirements such as min. peak EIRP and EIRP spherical coverage.

In order to minimize or remove the polarization mismatch, possible test methodology techniques for enhancement have been captured in [5] and they can be listed as follows:

· Method 0: No change to the measurement procedures in TR38.810
· Method 1: “H&V simultaneous operation with 2-port CSI-RS beam management by TE”
· Method 2: “Keep H&V non-simultaneous operation by TE, but change test procedure to Link_V → Link_H → UE_Beam_Lock → Measurement_V → Measurement_H”
· Method 3: “H&V non-simultaneous operation by TE with additional 45 deg link”
· Method 4: Different approach for calculating total EIRP
· Method 5: Polarization sweep of the DL signal
· Method 6: The use of CP for the DL signal and UL signal measurement
· Method 7: Test mode for certification purpose to force the UE to transmit on both polarizations
· Method 8: The use of Elliptical Polarization for the DL
· Other methods are not precluded

Observation 4: In RAN4#93 meeting, eight possible test methodologies techniques for enhancement have been captured to minimize or remove the polarization mismatch.
Informal email discussion after RAN4#93
After RAN4#93 meeting, the informal email discussion was held among interested companies. Regarding the current EIRP measurement, companies mainly focused on the following questions.

1. Assuming a UE capable of transmission in 2 polarizations, is there a potential conflict between the core requirement and current EIRP measurement procedure?

2. Of the potential test methodologies related to Objective 2: EIRP measurement listed in R4-1916177, which can be considered for further discussion and enhancement?

As a result of the informal email discussion, six companies identify that there is a potential conflict between the core requirement and the current EIRP measurement procedure. However, four companies does not find the conflict. For the question 2, actually two companies suggested to focus on the methods which are reliable and easy to trigger 2Tx transmission.

Observation 5: Based on the result of the informal email discussion, six companies identify that there is a potential conflict between the core requirement and the current EIRP measurement procedure. However, four companies does not find the conflict.
Offline conference call meeting
During the offline conference call meeting, companies mainly focused on how to trigger 2Tx transmission in a way that is easy and reliable from test perspective. As a result, using TPMI can be one of candidate solutions to trigger 2Tx transmission and it looked like most companies were converging on this solution. However, the problem was that this TPMI solution is only available to Rel-16 UEs and Rel-15 UEs have some limitations on using TPMI to trigger 2Tx transmission.

Observation 6: Using TPMI can be a good solution to trigger 2Tx transmission for Rel-16 UEs in order to avoid the UE’s behaviour such as triggering only one polarization for transmission.

Observation 7: The solution of using TPMI is only available to Rel-16 UEs since it is not allowed to use TPMI of [] to force Rel-15 UEs to trigger 2Tx transmission [6].

Proposal 1: For Rel-16 UE, RAN4 should use TPMI of [] to force UE to trigger 2Tx transmission for the EIRP measurement.
EIRP measurement for polarization mismatch in Rel-15
Based on the observation 7, Rel-15 UEs may trigger only one polarization and its EIRP measurement procedure can be listed 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 for one best polarization which has the strongest DL signal.
4. UE transmits max power on one best polarization which has the strongest DL signal.
5. Test system measures the UL signal from one best polarization which has the strongest DL signal.

As mentioned in the background section, the total EIRP equation does not include the polarization gain if a UE triggers only one polarization for transmission. Since the solution of using TPMI isn’t available to Rel-15 UEs, some alternative solutions are needed to force the UE to trigger 2Tx transmission. As discussed in [2], RAN4 already took UE’s polarization gain into account for defining the EIRP requirements such as peak EIRP and EIRP spherical coverage. Because of that, we need to have a new EIRP equation so that it ensures that the total EIRP measurement includes the polarization gain. In addition, the use of TPMI of] and] forces the UE to trigger only one polarization and it actually helps to avoid double count on the polarization gain when the new EIPR equation is used. Each EIRP (PolLink=θ or φ) can be measured by using TPMI of] and] and then the total EIRP can be determined by taking a maximum value between EIRP (PolLink=θ) and EIRP (PolLink=φ). For instance, when the TPMI of ] is used to measure EIRP (PolLink=θ), this measurement result can be expressed as EIRP (PolLink=θTPMI0). For TPMI of ], its measurement result can be expressed as EIRP (PolLink=θTPMI1). For EIRP (PolLink=φ), the same principle can be applied.

1. EIRP (PolLink=θ) = EIRP (PolLink=θTPMI0) + EIRP (PolLink=θTPMI1)
2. EIRP (PolLink=φ) = EIRP (PolLink= φ TPMI0) + EIRP (PolLink= φ TPMI1)
3. The total component of EIRP for Rel-15 UEs = max (EIRP (PolLink=θ), EIRP (PolLink=φ))

Observation 8: Based on the observation 7, the total EIRP does not include the polarization gain when Rel-15 UEs may trigger only one polarization due to the polarization mismatch.

Proposal 2: For Rel-15 UE, RAN4 should use the following equation for the EIRP measurement.

1. EIRP (PolLink=θ) = EIRP (PolLink=θTPMI0) + EIRP (PolLink=θTPMI1)
2. EIRP (PolLink=φ) = EIRP (PolLink= φ TPMI0) + EIRP (PolLink= φ TPMI1)
3. The total component of EIRP for Rel-15 UEs = max (EIRP (PolLink=θ), EIRP (PolLink=φ))

Proposal 3: For Rel-15 UE, RAN4 should also use the TPMI of] and] to force UE to trigger one polarization for the EIPR measurement.
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The other alternative solution is to introduce the polarization scan method from [7] and [8]. This test method can be useful to minimize polarization mismatch between the TE and Rel-15 UE. However, the polarization scan method will increase test times by a factor of N (# of polarization scan). Some UE vendors prefer to follow the current EIRP measurement procedure without using the polarization scan method if they have a concern on the test time. 
In case that a certain Rel-15 UE needs to be tested with the polarization scan method, the UE can report N (# of polarization scan) to let the TE inform that it can support the polarization scan method.

Observation 9: Introducing the polarization scan method can be beneficial to minimize the polarization mismatch between the TE and Rel-15 UE. However, this test 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.

Proposal 4: The polarization scan method should be an optional test methodology technique for Rel-15 UEs. These Rel-15 UEs can report N (# of polarization scan) to let the TE inform that it can support the polarization scan method.

Conclusion
Observation 1: A UE capable of 2Tx transmission may trigger only one polarization due to the polarization mismatch.

Observation 2: Whenever the UE triggers only one polarization for transmission, the equation of EIRP does not include UE’s polarization gain.

Observation 3: UE’s polarization gain has been assumed when RAN4 defined the EIRP requirements such as min. peak EIRP and EIRP spherical coverage.

Observation 4: In RAN4#93 meeting, eight possible test methodologies techniques for enhancement have been captured to minimize or remove the polarization mismatch.

Observation 5: Based on the result of the informal email discussion, six companies identify that there is a potential conflict between the core requirement and the current EIRP measurement procedure. However, four companies does not find the conflict.

Observation 6: Using TPMI can be a good solution to trigger 2Tx transmission for Rel-16 UEs in order to avoid the UE’s behaviour such as triggering only one polarization for transmission.

Observation 7: The solution of using TPMI is only available to Rel-16 UEs since it is not allowed to use TPMI of [] to force Rel-15 UEs to trigger 2Tx transmission [6].

Observation 8: Based on the observation 7, the total EIRP does not include the polarization gain when Rel-15 UEs may trigger only one polarization due to the polarization mismatch.

Observation 9: Introducing the polarization scan method can be beneficial to minimize the polarization mismatch between the TE and Rel-15 UE. However, this test 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.

Proposal 1: For Rel-16 UE, RAN4 should use TPMI of [] to force UE to trigger 2Tx transmission for the EIRP measurement.

Proposal 2: For Rel-15 UE, RAN4 should use the following equation for the EIRP measurement.

1. EIRP (PolLink=θ) = EIRP (PolLink=θTPMI0) + EIRP (PolLink=θTPMI1)
2. EIRP (PolLink=φ) = EIRP (PolLink= φ TPMI0) + EIRP (PolLink= φ TPMI1)
3. The total component of EIRP for Rel-15 UEs = max (EIRP (PolLink=θ), EIRP (PolLink=φ))

Proposal 3: For Rel-15 UE, RAN4 should also use the TPMI of] and] to force UE to trigger one polarization for the EIPR measurement.

Proposal 4: The polarization scan method should be an optional test methodology technique for Rel-15 UEs. These Rel-15 UEs can report N (# of polarization scan) to let the TE inform that it can support the polarization scan method.
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