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1. Introducion

In RAN4#88 meeting, the WF on remaining issues for RRM testing was approved in [1]. Then, after further discussion in RAN#81 meeting, the following remaining open issues were approved in [2] to be further studied:
· UE RRM testing methodology
· Define the methodology to derive the SNR at Reference point from UE BB SNR under non-RX beam peak direction assumptions for case of 1 AoA. Define the methodology to specify the SNR/SINR at Reference point from UE BB SNR/SINR for case of 2 AoAs.

· Identify approximate Power, SNR range under the RX beam peak direction and non-RX beam peak direction with 1 AoA. Identify the approximate Power, SNR/SINR range with 2 AoAs.

· Study how to identify the directions in which the UE RRM test cases can be performed

Based on the approved WF on handling RAN4 testability open issues [3], in this paper, we will discuss the methodology to control the signal/SNR/SINR level for 1AoA with non-peak beam direction and 2AoAs cases.
2. Discussion
2.1 SNR for 1AoA with non-peak beam direction
In principle, the method for 1AoA with non-peak beam direction would be very similar with that for peak Rx beam case. The only difference is how to consider the antenna gain with non-beam peak direction. In demodulation testing, the following UE parameters were approved for beam peak direction.

Table 1: UE parameters for 39GHz with beam peak direction
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There was some discussion on side conditions for RRM testing [4], and the derivation of side conditions based on the definition of the EIS spherical coverage was proposed to be considered. However, the values for EIS spherical coverage is still under discussion. So, in this paper, the same difference between peak beam EIRP and 50%-ile EIRP spherical coverage defined in [5] was applied for 50%-ile EIS spherical coverage. The values would be further updated based on the final agreements for the EIS spherical coverage requirements. 

From [5], we can obtain the following UE antenna gains for 39GHz with non-beam peak direction:

Table 2: UE antenna gains for 39GHz with non-beam peak direction

	Peak Antenna gain (dBi) 
	Antenna gain down for 50% tile spherical coverage (dB)
	Effective gain at 50% tile spherical coverage (dBi)

	8
	12.6
	-4.6


Reusing the metric of 1dB SNR difference and calculation methodology for demod testing in [6], we can obtain the maximum feasible SNR level with -4.6dB effective gain at 50%-ile spherical coverage.
Table 3: Maximum feasible SNR level with non-peak beam direction

	
	DFF
	IFF

	Max SNR, 100MHz Ch BW
	[2.4dB]
	[3.1dB]


We should note that the BW for SSB would be less than 50MHz. Therefore, the maximum feasible SNR level would be about 3dB higher than the values in Table 3.
Therefore, with 1dB difference between reference point SNR and baseband SNR, the Noc level of -140.5dBm/Hz would be set at reference point. We should note that since the antenna gain would vary from -4.6dB to 8dB, the difference between reference point SNR and baseband SNR would not be a fixed value but it would be less than 1dB for any orientation. 

Proposal 1: The difference of antenna gain between EIS and 50%-ile EIS spherical coverage should be used for SNR setting with non-peak beam direction for 1AoA RRM testing.

Observation 1: When the same difference as that of EIRP is used for calculation, the Noc level of -140.5dBm/Hz would be set at reference point, and the maximum feasible SNR is given in Table 3. 

Observation 2: The BW for SSB would be less than 50MHz. Therefore, the maximum feasible SNR level would be about 3dB higher than the values in Table 3.
2.2 SNR/SINR for 2AoAs
For 2AoAs with 2 probes scenario, both signal and artificial noise can be transmitted from two active probes. In order to specify the SINR for this case, we take the intra-frequency measurements as an example in which probe 1 is emulated as active cell 1 and probe 2 is emulated as neighbor cell 2. As shown in Fig.1, the angle between probe 1 (P1) and probe 2 (P2) should match the relative probe spacing of 30o, 60o, 90o, 120o, 150o and UE is in the directions in which the UE RRM test cases can be performed. 
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Fig.1 2 probes scenario for RRM testing

Here the symbols are

S_tx_P1,  N_tx_P1 : Transmit signal power for the signal and AWGN (artificial noise) for P1, respectively.

S_tx_P2,  N_tx_P2 : Transmit signal power for the signal and AWGN (artificial noise) for P2, respectively.
G_UE_P1/P2: UE receiver antenna array gain for P1/P2

Then, the SNR for P1 and P2 setting at reference point can be written as below, respectively:

SNR_P1_RP = S_tx_P1/ N_tx_P1

SNR_P2_RP= S_tx_P2/ N_tx_P2

Therefore, the SINR for P2 at baseband can be written as 

SINR_P2_BB = (S_tx_P2* G_UE_P2*Loss_P2)/ ((S_tx_P1+ N_tx_P1) * G_UE_P1*Loss_P2+ N_tx_P2 G_UE_P2*Loss_P2+ Nktb*F_UE)
Where,

Loss_P1/P2: Total loss including implements loss, pathloss, and other losses etc.

F_UE : Noise figure (NF) of the UE
Nktb : Thermal noise level
Here we assume the parameters used in demod testing [6] can be reused for Loss_P1/P2, F_UE and Nktb. Therefore, UE antenna gains G_UE_P1/P2 would be the key parameters for calculating the SINR for 2AoAs case.
Since the directions for 2AoAs would also be based on the EIS spherical coverage as discussed in section 2.1, then a simple setup is to set the same noise level for each transmission point to the Noc level of -140.5dBm/Hz at the reference point. The actual SINR seen by the UE will depend on the UE antenna pattern(relative gain between these directions) but will still be within certain bounds that can be computed. The lower bound will be obtained if there is no rejection between the AoA(all signals will interfere each other just like with an omni antenna) while the upper bound will be obtained when the rejection is infinite(a null of the Rx beam used to receive one signal will be in the direction of the other signal).  
It should be noted that in the case of 2 AoAs it is not possible to control the SNR/SINR with <1dB accuracy as is the case with a single transmission point. The actual SNR seen by the UE will vary depending on antenna pattern(and consequently on UE orientation). It would be desirable to perform a test using multiple sets of AoAs to average these effects. 
The lower bound of maximum feasible SINR: Set the G_UE_P1 and G_UE_P2 equal to antenna gain with non-peak beam gain (-4.6dB).  
Then the calculation of 2 AoAs with 100MHz Ch BW for DFF in 39GHz can be given by Table 4. Based on the calculation, the lower bound of maximum feasible SINR is about -3dB.
The upper bound of maximum feasible SINR: Consider the ideal rejection from the direction of probe 1 or TDM measurements, the upper bound of maximum feasible SINR would be the same as the value in 1AoA case with non-peak beam direction which is 2.4dB with 100MHz Ch BW for DFF in 39GHz.
Table 4: Example of 2 AoAs with 100MHz Ch BW for DFF in 39GHz
	 
	Signal from serving cell
	Noise from serving cell
	Signal from interfering cell
	Noise from interfering cell
	UE
	 

	SINR at reference point
	3.4
	3.4
	 
	dB

	Power from TE Amp
	21.4
	18
	21.4
	18
	 
	dBm/100MHz

	Cable loss
	-8
	-8
	-8
	-8
	 
	dB

	Backoff from P1
	-13
	-13
	-13
	-13
	 
	dB

	Beam peak search procedure/meas error
	-0.5
	-0.5
	-0.5
	-0.5
	 
	dB

	Test system DL setting uncertainty
	-6.7
	-6.7
	-6.7
	-6.7
	 
	dB

	Probe Antenna gain
	12
	12
	12
	12
	 
	dB

	Power from TE antenna
	5.2
	1.8
	5.2
	1.8
	 
	dBm/100MHz

	Free space path loss @0.7m, 39GHz
	-62.3
	-62.3
	-62.3
	-62.3
	 
	dB

	Scale power 1GHz to 1Hz
	-80
	-80
	-80
	-80
	 
	dB

	Powers at RP
	-137.1
	-140.5
	-137.1
	-140.5
	
	dBm/1Hz

	UE Antenna Gain
	-4.6
	-4.6
	-4.6
	-4.6
	 
	dB

	UE Implementation loss
	-11
	-11
	-11
	-11
	 
	dB

	Wanted powers
	-152.7
	-156.1
	-152.7
	-156.1
	 
	dBm/1Hz

	SINR at reference point
	-2.819819528
	 
	 

	Thermal Noise
	 
	 
	 
	 
	-174
	dBm/1Hz

	UE Noise figure
	 
	 
	 
	 
	12
	dB

	UE Noise
	 
	 
	 
	 
	-162
	dBm/1Hz

	S_rx and (N_rx+UE_noise floor)
	-152.7
	-156.1
	-152.7
	-156.1
	 
	dBm/1Hz

	Actual SINR
	-3.078523415
	 
	dB

	SNR error
	0.258703888
	 
	dB

	TE Power amplifier 1dB compression
	23
	 
	dBm->This value should be less than 23dBm


Proposal 2: For 2AoAs cases, fix the identical noise level for two active probes, then control the signal level to reach target SINR at reference point. The noise level is the same as that for 1AoA with non-peak beam direction.
Observation 3: The lower bound and upper bound of maximum feasible SINR is -3dB and 2.4dB with 100MHz Ch BW for DFF, respectively. If the channel BW for SSB is less than 50MHz, the SINR would be 3dB higher.
FR2 systems will mainly be noise limited because of the high path loss and use of directive antennas. As such, we believe it is very important to test at least the measurement accuracies in an environment in which the received signal levels are close to the minimum input supported and without any artificial noise. This setup will also make full use of the UE antenna gain capabilities and resemble real world field operation. The signal levels for such tests could be derived directly from the side conditions. 

Proposal 3: Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions. 

3 Conclusion

In this paper, we discuss the methodology to control the SNR/SINR for 1AoA with non-peak beam direction and 2AoAs cases. The following observations and proposals are made:

Proposal 1: The difference of antenna gain between EIS and 50%-ile EIS spherical coverage should be used for SNR setting with non-peak beam direction for 1AoA RRM testing.

Observation 1: When the same difference as that of EIRP is used for calculation, the Noc level of -140.5dBm/Hz would be set at reference point, and the maximum feasible SNR is given in Table 3. 

Observation 2: The BW for SSB would be less than 50MHz. Therefore, the maximum feasible SNR level would be about 3dB higher than the values in Table 3.
Proposal 2: For 2AoAs cases, fix the identical noise level for two active probes, then control the signal level to reach target SINR at reference point. The noise level is the same as that for 1AoA with non-peak beam direction.

Observation 3: The lower bound and upper bound of maximum feasible SINR is -3dB and 2.4dB with100MHz Ch BW for DFF, respectively. If the channel BW for SSB is less than 50MHz, the SINR would be 3dB higher.
Proposal 3: Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions. 
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