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Introduction
In RAN4#107, the test methods for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on the test method for UE Demodulation.                               
Discussion
Noc level configuration  
In RAN4#107, the principle of Noc level configuration was agreed and the remaining issue is FFS on the allowable degradation in sensitivity from legacy REFSENS requirements.
	Issue 3-1-3: Noc level configuration
· Proposals
· Option 1 (R4-2309244): RAN4 to agree the wanted noise, i.e., Noc level is set by the below equation for multi-Rx demodulation test on band Y:
· Noc = REFSENSPC3, band Y, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal + X, where 
· REFSENSPC3, band Y, 50MHz is the REFSENS value in dBm specified for Power Class 3 UE in band Y for 50MHz channel bandwidth in TS 38.101-2 Table 7.3.2.3-1, [dBm/Hz]
· SCSREFSENS is a subcarrier spacing associated with NRB for 50MHz in TS 38.101-2 Table 5.3.2-1, chosen as 120kHz. 
· PRBREFSENS is NRB associated with subcarrier spacing 120kHz for 50MHz in TS 38.101-2 Table 5.3.2-1 and is 32.
· 12 is the number of subcarriers in a PRB
· SNRREFSENS = -1 dB is the SNR used for simulation of REFSENS
· ∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal = 6dB, giving a rise in total noise of 1dB.
· [bookmark: OLE_LINK5]X is the allowable degradation in sensitivity from legacy REFSENS requirements in dB
· Option 2: TBA
· Agreement:
· Option 1 agreed



There are two factors to determine the value X, which indicates allowable degradation in sensitivity from legacy REFSENS requirements in dB
· Testable SNR
· Number of AoA pairs satisfying criteria, spherical coverage requirement with X degradation, and minimum isolation.   
The following Table 1 provides the testable SNR with different X values. Note that the testable SNR is calculated based on the parameters defined in TR 38810, i.e., IFF with 100MHz CBW on n260.
Table 1: Testable SNR with different X values
	X values (dB)
	Maximum testable SNR (dB)

	0
	17.7

	1
	16.7

	2
	15.7

	4
	13.6

	6
	11.5

	8
	9.4

	…
	…

	12.6
	5.1
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Figure 1: Radiated PDSCH requirements specified in TS 38.101-4 [2]
For the typical MCS, e.g., 16QAM, 0.48, the requirement for PDSCH is around 14dB as shown in Figure 1. If the testable SNR for multi-Rx demodulation is lower than 14dB, then only the modulation of QPSK can be verified for multi-Rx demodulation testing.
In figures below, we show legacy antenna gain CDF of two UE implementations that have standards compliant gain drop for PC3 devices. The UE is assumed to be a box with 6 faces. Table 2 captures the fraction of directions on the sphere that meet the sensitivity condition for various X values. 

	Identical 4x1 dual pol. modules on opposite faces
	Identical 4x1 dual pol. modules on adjacent faces
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Figure 2: Legacy antenna gain CDF of two standard UE implementations

Table 2: Availability of qualifying test directions with different X values
	X (dB)
	% of sphere with sensitivity better than REFSENS + X 

	
	Modules on opposite faces
	Modules on adjacent faces

	1
	5
	5

	2
	10
	10

	4
	19
	22 



Observation 1: X = 2 dB implies 1/5th of all legacy spherical coverage directions (or 10% of all directions) will qualify for ‘standard’ UEs used for UE RF requirement simulation (i.e., those that just meet the legacy spherical coverage requirements).
In addition, the test directions need to satisfy the minimum isolation requirements of [12dB]. We provide the simulation to evaluate the number of AoA pair satisfying minimum isolation of [12dB]. The simulation assumptions are following the assumptions agreed in RF session in [3]. Module locations were grouped into two categories. 
1. In the first category, one module pattern covered the polar region of the reference coordinate system. Examples: Front+Bottom, Front+Top, Front+Right
2. In the second category, both modules cover equatorial regions (away from polar regions). Examples: Top+Left, Top+Right
Note that the UE assumptions used in the simulations fully align with the assumption agreed in [3] in UE RF session. And it is reasonable to reuse the same UE assumptions in the discussion for multi-Rx demodulation.
Observation 2: The UE assumptions used in the simulations fully align with the assumption agreed in [3] in UE RF session. And it is reasonable to reuse the same UE assumptions in the discussion for multi-Rx demodulation.
The isolation is quantified as SIR at (PC3) UE receiver. And for each AoA pair, the test directions have sensitivity better than the legacy REFSENS requirements + X (X=1, 2, 4dB).
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Figure 3: simulation results for number of AoA pairs for a 15⁰ step size grid, on adjacent faces, and with at least 12dB isolation with X = 1, 2, 4dB)
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Figure 4: Simulation results for number of AoA pairs for a 15⁰ step size grid, on opposite faces, and with at least 12dB isolation with X = 1, 2, 4dB)
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Figure 5: simulation results for number of AoA pairs for a 10⁰ step size grid, on adjacent faces, and with at least 12dB isolation with X = 1, 2, 4dB)
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Figure 6: Simulation results for number of AoA pairs for a 10⁰ step size grid, on opposite faces, and with at least 12dB isolation with X = 1, 2, 4dB)

From Figure 3, with X=2dB, the number of AoA pairs with at least 12dB isolation is 9. From Figure 4, with X=2dB, the number of AoA pairs with at least 12dB isolation is 6.
Observation 3: With 2dB, the number of AoA paris with at least 12dB isolation is at least 6 with 15⁰ step size grid.
Separately, grid size sensitivity analysis shows that measured performance seems to converge for step size of 10⁰ or lower. The analysis above is therefore performed gain for 10⁰ step size. From Figure 5, with X=2dB, the number of AoA pairs with at least 12dB isolation is 34. From Figure 6, with X=2dB, the number of AoA pairs with at least 12dB isolation is 23.
Observation 4: With 2dB, the number of AoA paris with at least 12dB isolation is at least 23 with 10⁰ step size grid.
We should note that the for the multi-Rx demodulation testing, only one AoA pair is needed, which can be based on UE declaration. And in practice, UEs far exceed the spherical coverage requirement, which has the effect of increasing the number of qualifying directions for any relevant value of X.
Observation 5: Only one pair is needed for multi-Rx demodulation testing, which can be based on UE declaration.
Observation 6: In practice, UEs far exceed the spherical coverage requirement, which has the effect of increasing the number of qualifying directions for any relevant value of X.
Note that the SIR is reflecting the cross-interference between two TRPs. The minimum isolation of [12dB] should be guaranteed between polarizations. With a small value of X, it is easier to achieve the minimum isolation between polarizations.
Observation 7: With a small value of X, it is easier to achieve the minimum isolation between polarizations.
To retain a balance between ease of identifying directions and retaining testable SNR, it is proposed to adopt X = 2 as baseline.
Proposal 1: As a baseline, RAN4 to use X = 2 for multi-Rx demodulation test directions selection.
Minimum isolation requirements
In RAN4#107, the agreements for minimum isolation requirements were captured in [1]. To evaluate the minimum isolation requirements, RAN4 needs to align the simulation assumptions.
	Issue 3-2-1: Minimum isolation requirements
· Proposals
· Option 1 (R4-2309244): It is encouraged companies provide the simulation results to verify the minimum isolation requirements of [12dB] for multi-Rx demodulation test.


Figure 3.2.2-1: Illustration of isolation implementation in the simulation (R4-2309244)
· Option 2: TBA
· Agreements:
· Option 1 agreed



The correlation matrix for multi-Rx demodulation approved in [4] could be used as the baseline for the simulation of minimum isolation.
	Issue 1-1-2: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
Agreement:
Consider the baseline correlation model assuming cross-talk between the TRPs and UE Rx antenna as below

, 
where  is the re-arranged channel values and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
·  is the correlation matrix for each link between TRPs to UE panels generated with parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) as stated in 38.101-4 B2.3.2
·  is the cross-talk power
· Candidate cross-talk power values for initial simulation purpose:
· -15, -12, -9, -6 dB
· Other options are not precluded.
· Candidate cross-polarization correlation coefficient values for initial simulation purpose:
· γ = 0.125
· Other options are not precluded.



Similar to the study in Rel-15 for 2*2 DL case [5], we need to compare the reference values and the simulation results with different isolation assumptions.
For the reference SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and γ = good enough isolation, e.g., 100dB
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: {0.25us, -0.0625us}; Frequency offset: 600Hz
· MCS: MCS13 with 2+2
· Receiver assumptions: start from joint demodulation assumption.
For comparison, to run the simulation with the isolation range of [8dB, 20dB] including both cross-polarizations and cross-talk and then compare the offset between reference SNR and required SNR with different isolation values.
Proposal 2: The following assumptions are adopt for simulation of minimum isolation requirements:
· For the reference SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and γ = good enough isolation, e.g., 100dB
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: {0.25us, -0.0625us}; Frequency offset: 600Hz
· MCS: MCS13 with 2+2
· Receiver assumptions: start from joint demodulation assumption.
· For comparison, to run the simulation with the isolation range of [8dB, 20dB] including both cross-polarizations and cross-talk and then compare the offset between reference SNR and required SNR with different isolation values.

Conclusions
In this paper, we discuss the test methods for UE demodulation for multi-Rx UE. The following observations and proposals are made:
Observation 1: X = 2 dB implies 1/5th of all legacy spherical coverage directions (or 10% of all directions) will qualify for ‘standard’ UEs used for UE RF requirement simulation (i.e., those that just meet the legacy spherical coverage requirements).
Observation 2: The UE assumptions used in the simulations fully align with the assumption agreed in [3] in UE RF session. And it is reasonable to reuse the same UE assumptions in the discussion for multi-Rx demodulation.
Observation 3: With 2dB, the number of AoA paris with at least 12dB isolation is at least 6 with 15⁰ step size grid.
Observation 4: With 2dB, the number of AoA paris with at least 12dB isolation is at least 23 with 10⁰ step size grid.
Observation 5: Only one pair is needed for multi-Rx demodulation testing, which can be based on UE declaration.
Observation 6: In practice, UEs far exceed the spherical coverage requirement, which has the effect of increasing the number of qualifying directions for any relevant value of X.
Observation 7: With a small value of X, it is easier to achieve the minimum isolation between polarizations.
Proposal 1: As a baseline, RAN4 to use X = 2 for multi-Rx demodulation test directions selection.
Proposal 2: The following assumptions are adopt for simulation of minimum isolation requirements:
· For the reference SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and γ = good enough isolation, e.g., 100dB
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: {0.25us, -0.0625us}; Frequency offset: 600Hz
· MCS: MCS13 with 2+2
· Receiver assumptions: start from joint demodulation assumption.
· For comparison, to run the simulation with the isolation range of [8dB, 20dB] including both cross-polarizations and cross-talk and then compare the offset between reference SNR and required SNR with different isolation values.
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