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Introduction
In the previous meetings many details of the FR2 RRM Test Methodology were finalized. Scenario 3 with 2 AOA was agreed to be feasible from the test methodology perspective. The following key agreements were made in [1]:
	· From test methodology perspective support Scenario#3 with the following method for tests with two UE RX fine beams or two rough beams cases.
· Mode 1:
· Test directions:
· Both signals come from the non RX beam peak directions
· The angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 and UE is in the directions in which the UE RRM test cases can be performed. 
· Both directions which are covered by [50%] percentile EIS spherical coverage of the DUT
· Noc level:
· Fix the identical noise level for two active probes, then control the desired signal level to reach target SNR or SINR at reference point. 
· The noise level is the same as that for 1AoA with non-peak beam direction in Scenario 2 based on the UE beam type (fine/rough). 
· SINR control:
· Case 1: TDM transmissions from 2 probes 
· Each probe transmits both signal and artificial noise in TDM manner
· SNR would be the same as the value in 1AoA case with non-peak beam direction in Scenario 2 based on the UE beam type (fine/rough).
· Case 2: Simultaneous transmissions from 2 probes 
· The lower bound of maximum feasible SINR
· Use maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam to determine SINR
· The antenna gain difference for dual directions on the same UE RX beam (decided by D defined in slide 8) will be further discussed in the RRM room as a part of performance requirements definition
· Lower bound of SINR can be derived based on the Equations in slide 7.
· The upper bound of maximum feasible SINR
· Consider the ideal rejection from the direction of interfering probe.
· Upper bound of SINR is the SNR transmitted from signal probe.
· Mode 2:
· Support methodology for RRM tests without any artificial noise and with signal levels derived based on the defined side conditions for 2AOAs scenario.
· Case 1: TDM transmission for 2 probes 
· Each probe only transmits signal without artificial noise
· SNR can be derived as the ratio of the desired signal power level and UE noise level
· Case 2: Simultaneous transmission for 2 probes
· The lower bound of maximum feasible SINR
· Use maximum gain difference between the 2 directions when signals are received on the same UE Rx beam to determine SINR
· The antenna gain difference for dual directions on the same UE RX beam (decided by D defined in slide 8) will be further discussed in the RRM room as a part of performance requirements definition
· Lower bound of SINR can be derived based on the Equations in slide 8.
· The upper bound of maximum feasible SINR
· Consider the ideal rejection from the direction of interfering probe.
· Upper bound of SINR is the SNR transmitted from signal probe.


In RAN4 #90 additional discussion on the remaining open issues were made and additional agreements were made [2]
	· Further study antenna gain difference for dual directions within 1 beam for 2AoA
· Companies are encouraged to bring analysis on antenna gain difference for UE fine/rough beams and assess the gain difference dependency on relative probe spacing.
…
· For 2AoA cases, 
· TDM transmission approach for 2 probes is allowed.
· Simultaneous transmission approach for 2 probes will be further studied.


In order to proceed with the 2 AoA scenario Case 2 with simultaneous transmissions from 2 probes, the antenna gain difference value D for dual directions shall be investigated. In this contribution we continue discussion in [3] and provide additional analysis of possible factors affecting the antenna gain difference, provide evaluation results and assess how the D value can be applied in 2 AoA setups.
Discussion
2 AoA scenario with simultaneous transmission
A scenario with simultaneous probes transmission for 2 AoA is illustrated in Figure 1. The test system transmits useful signal with power S1 and artificial noise with power level N from Probe 1 and simultaneously transmits useful signal with power S2 and artificial noise with power level N from Probe 2. In one time instance UE is expected to tune the RX beam to one of the directions (e.g. Probe 2 in the illustration below). The methodology is applicable for both fine and rough beam codebook scenarios. The test equipment is capable to control the power levels S1, S2, N and, hence, can control the SNR of the signal transmitted from each of the probes. Meantime, the SINR observed at the UE side will depend on antenna gains G1 and G2 in the directions of probes 1 and 2, respectively. 
[image: ]
Figure 1. 2 AoA scenario with simultaneous 2 probes transmission
The SINR observed at the UE baseband can be expressed as follows:


where Loss is the is the signal loss (propagation loss, UE implementation loss) and NF is the UE RF noise floor. The Noc levels are defined in a way to ensure that the RX signals are 6 dB above the NF and, hence, the NF components can be ignored. Then the SINR can be represented in a more simple form as follows:


2 AoA antenna gain difference
It can be observed that SINR strongly depends on the antenna gains in the different directions (D = G1/G2)
· If G2 >> G1 then D = 0 (ideal rejection in one of the directions) the SINR will be defined as


· If G2 == G1 then D = 1 (no rejection) the SINR will be defined as


The RRM requirements are expected to be defined under assumption of certain SINR observed at the UE side and the D = G1/G2 assumptions need to be specified for RRM test cases. A mismatch between actual and assumed D values will result on UE performance. For example if requirements are defined based on D1 dB, then UE with actual D2 > D1 (better rejection) can easier pass the requirements. If UE has D3 < D1 (worse rejection), then it would be much more difficult to for such UE to pass the requirements.
Observation #1: A mismatch between actual and defined D values will have impact on UE performance. Overestimation of D value will increase the risk of failing the requirements.

The D value characterizes spherical coverage of an individual UE RX beam and depends on multiple factors.
· Antenna array: The rejection capabilities are tightly coupled with the number of antenna array elements which depend on the UE power class assumptions. Hence, the D value may need to be differentiated between different FR2 UE PCs which requires dedicated studies.
· RX codebook: An individual beam spherical coverage depends on a codebook design. Usually, “fine” beam codebooks with large number of elements should ensure better spatial filtering. Same time, “rough” beam codebooks with a few elements are expected to have a smaller antenna gain difference.
· Relative angles between the two signals: For RRM tests the angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 degrees. Hence, the minimum angle between the two probes can be 30 deg. In general case the increase of the relative spacing between the probes should result in a better spatial rejection. However, the relative spacing cannot completely guarantee that UE will no select same beams for the two probes signals. In the latter case the antenna gain difference can be quite aligned between the two directions or may even take positive values.
· Relative probes and DUT orientation: Antenna array spherical coverage properties in various directions are typically non-uniform. For instance for a single vertically positioned 4x1 antenna array panel, a very limited spatial rejection can be achieved for the signals coming in the horizontal directions (i.e. different azimuth angles and fixed polar angle). For RRM tests relative UE and TE position are not calibrated and it is not possible to predict whether the probes positioner axis are matched with DUT panel placement.
Observation #2: D value depend on multiple factors including antenna array characteristics, UE power class, codebook design relative spacing between two probes and relative orientation of Probes and DUT.

Below we provide updated simulation results for a single beam antenna gain difference for 2AoAs for a case of UE PC3 UE. The following assumptions are used:
· Single 4x1 antenna panel
· Free space environment
· Codebooks: Fine and Rough codebooks (2 beams / 2 elements)
· Relative probe spacing: 12, 30, 60, 90, 120 deg
· Tested direction: Both probes transmit signals from the directions within the best 50%-tile of EIS spherical coverage directions
In Figure 2 we illustrate the CDF of antenna gain difference “G1-G2” statistics across different random angles with a predefined probe spacing for the case of using fine and rough beam codebooks. 
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Figure 2. CDF of antenna gain difference between 2 directions for a single beam

Observation #3: For PC UE3 with single panel and 4x1 antenna array 
· Antenna gain difference between the two directions is in the range from -8 dB to 35dB. 
· Antenna gain difference for a single beam can take either positive (i.e. G1 > G2) or negative (i.e. G1 < G2) values. The probability of positive gain difference is higher and typically is in the range from 50% to 75%.
· Antenna gain difference depends on the angular spacing between the probes. In case of increase of the angular spacing the probability of the negative gain difference reduces but does not become negligible. 
· For the case of reduction of the number of beams the probability that the G1 < G2 increases due to small room for optimization of the best RX beam direction. 
Note: results were updated comparing to RAN4 #90 submission and take into account that both probes transmit signals from the directions within the best 50%-tile of EIS spherical coverage directions

SNR/SINR setup for 2 AoA scenario
For scenarios with simultaneous 2 probes transmissions it is expected that the SNR levels for the signals coming from the 2 probes (i.e. SNR1 and SNR2) need to be specified. The SNR levels shall be selected in a way that the low bound SINR for each of the probes 1 and 2 can be setup in a way that UE can perform the measurements. So, the SINR shall be guaranteed to be no smaller than -6 dB for the most part of target RRM test cases. 
The actual antenna gain difference between the 2 AoA for the particular selected tested AoA is unknown and the test setup shall assume the worst case antenna gain difference for each of the points. Based on the simulation results in section 2.3 the D = -8 dB shall be used to guarantee that the 2 AoA tests can be executed on in arbitrary directions within UE EIS spherical coverage. However, we note that for D = -8dB value it is not possible to guarantee that both SINR1 and SINR2 values will exceed -6 dB value. For instance, in case SNR1 = SNR2, the best SINR1 assuming D = -8dB will be below   -8 dB. In case SNR1 > SNR2, the power levels can be selected in a way that SINR1 is > -6 dB, however, it is not possible to guarantee that SINR2 will be > -6dB. In the figure below we illustrate the lower bound SINR for different SNR1 and SNR2 values under assumption that D = -8dB. The SINR axis is limited by -6dB value. It may be observed that neither combination of SNR1 and SNR2 values can guarantee that both SINR1 and SINR2 will be above -6dB.
[image: ] 
Figure 3. SINR low bound for 2 AoA scenario vs SNR1 and SNR2
Observation #4: Neither combination of SNR1 and SNR2 values can guarantee that both SINR1 and SINR2 lower bound values will be above the -6dB under assumption of D = -8 dB antenna gain difference for 2AoA.
Conclusion
In this contribution we provide analysis of the antenna gain difference for the single beam in case of 2 AoA scenario with simultaneous transmission from the two probes and make the following observations:
Observation #1: A mismatch between actual and defined D values will have impact on UE performance. Overestimation of D value will increase the risk of failing the requirements.
Observation #2: D value depend on multiple factors including antenna array characteristics, UE power class, codebook design relative spacing between two probes and relative orientation of Probes and DUT.
Observation #3: For PC UE3 with single panel and 4x1 antenna array 
· Antenna gain difference between the two directions is in the range from -8 dB to 35dB. 
· [bookmark: _GoBack]Antenna gain difference for a single beam can take either positive (i.e. G1 > G2) or negative (i.e. G1 < G2) values. The probability of positive gain difference is higher and typically is in the range from 50% to 75%.
· Antenna gain difference depends on the angular spacing between the probes. In case of increase of the angular spacing the probability of the negative gain difference reduces but does not become negligible. 
· For the case of reduction of the number of beams the probability that the G1 < G2 increases due to small room for optimization of the best RX beam direction. 
Observation #4: Neither combination of SNR1 and SNR2 values can guarantee that both SINR1 and SINR2 lower bound values will be above the -6dB under assumption of D = -8 dB antenna gain difference for 2AoA.
Simulation results show that under some conditions the antenna gain difference can take reach up to -8dB (i.e. non-desired signal is amplified by 8dB). Under such assumptions it is not possible to setup the 2AoA scenario in a meaningful way to ensure that signals from both probes are detectable. Therefore we recommend not to introduce RRM requirements for the 2 AoA scenario with simultaneous transmission from 2 probes.
Proposal #1:	For the 2 AoA RRM scenario focus on the Case 1 with TDM transmission from the two probes. Do not introduce requirements with simultaneous transmission from 2 probes.
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