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1 Introduction
New SID [1] was approved in RAN#85 meeting, it is agreed to have study on EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement.
This paper provides analysis on the EIS test metric for FR2. 
2 Discussion
2.1 Background
EIS test metric defines how to calculate the EIS values measured on different polarization. 

NR FR2 EIS test metric was firstly approved in RAN4 #86 meeting in [1], then following EIS requirement discussions during RAN4 #86bis to RAN4 #89 meetings are all based on the agreement EIS = [1/EIS +1/EISφ]-1. 

However in RAN4 #89 meeting, EIS test metric was approved to be revised as EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1 in testability SI [3] which have direct impact on RAN5 spec.

In the current TR 38.810(with TS 38.521 synchronized), the Rx beam peak direction is found with a 3D EIS scan, the measurement procedure for each point on the grids is defined with averaged EIS of 2 polarizations of measurement antenna:

EIS = 2*[1/EIS(PolMeas= PolLink=)+1/EIS(PolMeas= PolLink=)]-1

Where EIS(PolMeas= PolLink=) is EIS value for θ-polarization and EIS(PolMeas= PolLink=is EIS value for φ-polarization. These two EIS measurement results are determined sequentially by switching the measurement/link antenna polarization by TE side which is limited in Rel-15.

Compared with the previous agreement EIS = [1/EIS +1/EISφ]-1, the averaging actually makes EIS requirement 3dB stringent. For example, assume EIS-84dBm, EISφ=-84dBm, with previous test metric EIS = [1/EIS +1/EISφ]-1,  the EIS result would be -87dBm. With the revised test metric EIS =2* [1/EIS +1/EISφ]-1, the EIS result would be -84dBm.
Observation 1: EIS test metric which use average calculation on the dual polarization will make EIS requirement 3dB stringent than before.

For UE with dual polarization active case, we think the average calculation on EIS is reasonable, because dual polarized antenna would always receive the full Tx power transmitted by emulator from different polarization of the TE, as shown in Fig 1.
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Fig 1. For each polarization of TE, full power can be received by dual polarization active UE
For single polarization active case, the EIS value on one polarization actually depends on the polarization alignment level between TE measurement antenna and UE antenna, as shown in Fig 2. It would be poor EIS performance for the case that orthogonal polarization relation between TE and UE.
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Fig 2. For each polarization of TE, Refsens depends on the Polarization alignment level

Observation 2: EIS test metric which use average calculation is not adaptable for single polarization active case.
2.2 Channel study on 28GHz
The test metric EIS = [1/EIS +1/EISφ]-1 is actually used for LTE OTA test. When RAN4 define this test metric for LTE, it is because omnidirectional can be assumed since the channel model for LTE comprises of multiple clusters. The LOS and N-LOS channel clusters are “rich” for UE side. Therefore we can assume that the polarization characteristic on UE receiving side is not obvious.

When revising EIS test metric for FR2, there is a reason that polarization characteristic on UE receiving side is strong. While there is another proposal in RAN4 that linear polarization is assumed for FR2 EIS test metric in [] #90, and it is not agreed in RAN4 since companies realized that it is not always applicable for FR2.
Then the problem would be what the channel model for FR2. If only one LOS cluster can be used in FR2 and N-LOS is considered ignored, we believe it will have a big impact on real FR2 deployment. Therefore, we have a study on channel mode on 28GHz under different environment. With the evaluation on pathloss on the building wall, glass, and human body shadow, we found that not only LOS path can be received by UE side. More than 10 rays can be received by the UE which is higher than the detectable limit. As shown in Fig 3, not only 1 reflection signal can be used for FR2, even 2-tap reflection signal can be received.
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Fig 3. Both LOS and N-LOS path can be received by UE for FR2
Assume the gNB send dual polarization signal to the UE in the real network, we want to clarify that polarization of the signal reach the UE receiving side will be destroyed/impacted by the channel model. The reflection will cause polarization shift and rotation, it is possible that the orthogonal polarization signal changes into single polarization signal. Then the UE with single polarization active can receive all the power transmitted from the gNB. It means FR2 actually have the characteristic like sub6GHz, that the polarization characteristic will shift much by the channel and it makes polarization characteristic not obvious.
Observation 3: For single polarization active architecture, it is highly possible to receive the full power transmitted from gNB. The revised EIS test metric remove 3dB EIS which is actually received by the UE for single polarization architecture.
Observation 4: similar with LTE, polarization characteristic is not obvious enough to remove the receiving gain from other polarization transmitted from the gNB.
Proposal 1: RAN4 specify the EIS test metric which is applied to different UE RF implementations.
2.3 EIS test with fixed step size on measurement antenna polarization

It is not applicable to define 2 separate EIS metrics for different polarization implementation case, since UE could not declare the implementation on each point of the grids and then decide which metric is used. So we propose to align the polarization direction between TE and UE on each measurement grid. Since RAN4 adopts black box approach, it is not easy to align the polarization direction fully. In order to capture the EIS value under the aligned polarization, the TE can switch its polarization of measurement antenna with fixed step size with 30 degree, it means one group for TE to capture could be {EIS0o, EIS30o, EIS60o, EIS90o, EIS120o, EIS150o}, where EIS0o is the EIS value on 0 degree polarization direction, etc. On each polarization step, the TE and UE may not aligned fully, the maximum deviation would be 15o，then the maximum error would be 20*log(cos(15))=0.3dB with 30 degree step size. We think it could be acceptable. If the deviation increase to 30o, the maximum error would be increase largely.
The TE can switch polarization to capture another group as {15o, 45o, 75o, 105o, 135o, 165o}, which could further increase the accuracy for UE to find the aligned polarization with measurement antenna. 

The EIS scan on each point shall start from 0 degree to 180 degree(0 to 165 with 15 degree deviation) since there is only one reference axis to make the polarization aligned closer. The measurement should ensure there is always a polarization direction can be aligned with the UE with maximum deviation of 15o. 
For each group, 6 EIS values are measured, the minimum value should be the closest polarization direction for UE to be aligned with the TE, the minimum value would reflect the actual Refsens capability on the receiving path. So the minimum value should be adopted from the 6 results within one group.

Considering there is no additional polarization gain as discussed in [5], the averaging calculation is kept to remove the 3dB gain. Then the EIS metric shall be:

EIS = 2*[1/min(EIS(PolMeas=0 PolLink=0 EIS(PolMeas=30 PolLink= EIS(PolMeas=60 PolLink= EIS(PolMeas=90 PolLink= EIS(PolMeas=120 PolLink= EIS(PolMeas=150 PolLink=+1/min(EIS(PolMeas=15 PolLink=15 EIS(PolMeas=45 PolLink= EIS(PolMeas=75 PolLink= EIS(PolMeas=105 PolLink= EIS(PolMeas=135 PolLink= EIS(PolMeas=165 PolLink=]-1

Proposal 2: revise EIS test metric as discussed in section 2.3.
2.4 EIS measurement procedure

As discussed in 2.2, the EIS measurement steps should be revised as below, which can be referred in [6]:

1)
Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= 0deg polarization of the measurement antenna 

2)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction

3)
Determine EIS(PolMeas=0 PolLink=0 for 0degpolarization, i.e., the power level for the 0degpolarization at which the throughput exceeds the requirements for the specified reference measurement channel
4)  Switch the downlink to polarizations with 15deg step size, determine EIS(PolMeas=15 PolLink= , EIS(PolMeas=30 PolLink= , EIS(PolMeas=45 PolLink= , EIS(PolMeas=60 PolLink= , EIS(PolMeas=75 PolLink= , EIS(PolMeas=90 PolLink= , EIS(PolMeas=105 PolLink= , EIS(PolMeas=120 PolLink= , EIS(PolMeas=135 PolLink= , EIS(PolMeas=150 PolLink=and EIS(PolMeas=165 PolLink= sequentially, i.e., the power level for each polarization at which the throughput exceeds the requirements for the specified reference measurement channel

6)
Calculate the resulting averaged EIS as: 
EIS = 2*[1/min(EIS(PolMeas=0 PolLink=0 EIS(PolMeas=30 PolLink= EIS(PolMeas=60 PolLink= EIS(PolMeas=90 PolLink= EIS(PolMeas=120 PolLink= EIS(PolMeas=150 PolLink=+1/min(EIS(PolMeas=15 PolLink=15 EIS(PolMeas=45 PolLink= EIS(PolMeas=75 PolLink= EIS(PolMeas=105 PolLink= EIS(PolMeas=135 PolLink= EIS(PolMeas=165 PolLink=]-1

Proposal 3: The EIS measurement procedure should be defined as in 2.4.
3 Conclusion

In this contribution we discussed on the open issues on EIS test metric, according to the analysis, we have the following proposals:
Observation 1: EIS test metric which use average calculation on the dual polarization will make EIS requirement 3dB stringent than before.

Observation 2: EIS test metric which use average calculation is not adaptable for single polarization active case.
Observation 3: For single polarization active architecture, it is highly possible to receive the full power transmitted from gNB. The revised EIS test metric remove 3dB EIS which is actually received by the UE for single polarization architecture.

Observation 4: similar with LTE, polarization characteristic is not obvious enough to remove the receiving gain from other polarization transmitted from the gNB.
Proposal 1: RAN4 specify the EIS test metric which is applied to different UE RF implementations.
Proposal 2: revise EIS test metric as discussed in section 2.3.
Proposal 3: The EIS measurement procedure should be defined as in 2.4.
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