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Introduction
In RAN5 #97, the following AP was created after the discussion based on [1]. 
	AP#97.25
	RF
	Investigate and come up with testability proposal to ensure 1x2 channel in FR2 RRM tests is achieved with UE receiving signal power on both its Rx branches.
	Keysight, R&S, Anritsu, Qualcomm
	R5-226658
	RAN5#98
	Open



This contribution analyzes in detail the topic opened by [1] and the potential options. 
Discussion
RAN4 RRM DL requirements have been defined for 1x2 channel in static AWGN scenario, meaning 1 antenna on the transmission side and 2 antennas for reception.
In conducted scenarios, the TE is controlling the channel. For 1x2, we have two independent, uncorrelated channels (i.e. two separate cables) going directly to each of the Rx antenna connectors of the UE. This enables the Rx diversity gain at the receiver as well as a controlled power balance between the receiver branches.
However, in FR2, we have just the OTA channel inside the anechoic chamber. The TE antenna transmits a single polarized signal, and it is expected to be received by the two receiver branches on the UE side but, due to the alignment between UE and TE antenna polarization, there might be cases were imbalance between UE receivers is not ideal as described in [1]. 
To try to have the same advantages as in FR1, [1] proposed a similar solution to the conducted case, in which the TE would transmit the same signal through both antenna polarizations. However, transmitting two orthogonally polarized signals with uncorrelated AWGN would still be correlated by the time the signals reach the UE antenna ports, since we have only one OTA channel, which is uncontrolled by the TE. 
It will also not ensure that the UE receives signal on both polarizations at the receiver: both signals will combine in the OTA channel in a wave of linear polarization at a different angle or randomly rotating elliptical polarization.
Observation 1: Transmitting the same signal (with uncorrelated AWGN) on two orthogonal polarizations will not ensure two uncorrelated signals at the receiver side due to the uncontrolled OTA channel. The resulting combined wave will have a random polarization.
A further proposal to address the combination problem is to add a frequency offset to the second signal stream (as it is done in conducted scenarios). 
However, this method would require very precise phase calibration of the TE side, which is unfeasible for FR2. Lacking the precise phase calibration, the resulting signal is still a combined wave of linear polarization at a different angle or randomly rotating elliptical polarization.
Even in RF test cases, in order to ensure the testing of both receiver polarizations, we are following a sequential approach: first testing in one DL polarization, then in the other and finally combining the results. However, this approach is not suitable for RRM test cases, since they evaluate real-time how the UE is reacting to certain conditions (e.g. event-triggered measurements). A sequential testing approach would not be suitable for RRM scenarios.
Observation 2: RF test cases use a sequential approach to test both receiver polarizations. This approach is not suitable for RRM.

Given that the original proposal in [1] seems unfeasible for RRM setups, we consider other possible solutions. 
Transmitting the same signal in two orthogonal polarizations results in a combined wave. However, another possibility would be to change RRM scenarios to use MIMO 2x2. The MIMO configuration is not in the scope of RAN5. Such a change would need to be discussed on RAN4. Nonetheless, most RRM test cases rely on the SSB signal, which is a single-stream signal by definition. Transmitting an SSB over two signal streams is a misconception.
Observation 3: Changing the MIMO configuration is out of scope of RAN5 and should be discussed in RAN4. However, most RRM tests rely on the SSB signal, which is single-stream.

The main issue preventing the UE from receiving two uncorrelated signals is the uncontrolled OTA channel. This can be addressed by applying the Wireless Cable Method (WCM). The wireless cable method gives control of the OTA channel and can be used to get uncorrelated signals (up to a certain level) on both receiver polarizations. However, applying WCM to the RRM test cases would have following side effects: 
· There is no possibility to get absolute measurements anymore. The WCM is calibrating the channel and the UE antenna, so the absolute measurements are no longer meaningful. That also impacts scenarios where the UE needs to react to certain conditions, e.g. event triggered measurements
· The test time would increase significantly, due to the repeating application of the WCM every time the test / iteration is executed
Observation 4: The WCM would have undesirable side effects in the RRM testing

Observation 5: There seems to be no precise way to ensure the Rx diversity gain for the UE receivers is accounted in FR2 RRM tests.

Ensuring that the Rx diversity gain is considered was one of the objectives of [1]. There is a second objective to ensure that both UE receiver polarization receive some signal and that the power imbalance between them is not large. There are further possibilities to address this second goal. 

RRM test cases select specific test directions (e.g. points meeting the EIS spherical coverage RF criteria) based on the results of the RF BPS procedure. We could define additional requirements to be met by the selected test directions. Based on an RSRPB search, we could select test directions which ensure that we are getting similar RSRPB results for both receiver polarizations, within a range TBD. 

Observation 6: An RSRPB-based test routine for selecting test directions in which the UE receives similar signal power in both receiver polarizations can be defined. 

Conclusion
Observation 1: Transmitting the same signal (with uncorrelated AWGN) on two orthogonal polarizations will not ensure two uncorrelated signals at the receiver side due to the uncontrolled OTA channel. The resulting combined wave will have a random polarization.
Observation 2: RF test cases use a sequential approach to test both receiver polarizations. This approach is not suitable for RRM.
Observation 3: Changing the MIMO configuration is out of scope of RAN5 and should be discussed in RAN4. However, most RRM tests rely on the SSB signal, which is single-stream.
Observation 4: The WCM would have undesirable side effects in the RRM testing
Based on the observations above, our conclusion is given in Observation 5. 

Observation 5: There seems to be no feasible way to ensure a diversity gain of 3dB for the receiver.

Nonetheless, if there is a benefit to ensure that both receiver polarizations receive signal and that the power imbalance between them is not large, we could explore further the method proposed in Observation 6.  
Observation 6: An RSRPB-based test routine for selecting test directions in which the UE receives similar signal power in both receiver polarizations can be defined. 
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