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1. Introducion

In RAN4#88bis meeting, there was some discussion on how to derive the Noc level and SNR range for 1AoA and 2AoAs RRM test case. The WF on remaining issues for RRM testing was approved in [1], and the following issues were identified:
· For Scenarios 1&2 and Mode 1 (TE transmits desired signal and artificial noise)
· Noc level is selected such that SNRRP = SNRBB + [X] dB
· Follow the methodology used for UE demodulation to derive the SNR level but with different antenna gain assumptions specific to different scenarios
· X value
· Option 1: X = 1 dB
· Option 2: other values are not precluded. Companies can bring proposals.
· Whether higher Noc level shall be supported can be discussed in the RRM test cases and not precluded from testability perspective. (Note: feasible SNR range can be smaller than for the case of Noc1) 
· Noc level definition and SNR range
· Option 1: Use same methodology as the one used for UE demodulation (agreed in R4-1811892)
· The UE antenna gain assumptions shall be changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough beams)
· Option 1: Use UE RX antenna gain difference between peak EIS and 50%-ile EIS spherical coverage for PC3
· Option 2: other options not precluded
· Option 2: Use coverage requirements
· The coverage requirements are in the process of being agreed for fine beams and can be used directly.
· For rough beams, the same method is used but with values changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough beams)
· Noc level for scenario 3 and Mode 1 (TE transmits desired signal and artificial noise)
· How to select the tested direction for Scenario 2 and 3 is FFS
In this paper, we provide our views on the Noc level definition and SNR rang for Scenario 1/2/3 with both fine and rough beam types. For the issue on how to select the tested direction for Scenario 2 and 3, we have another paper in [6].
2. Discussion
2.0 General

In order to gurantee the accuracy of SNR for RRM testing, at least for Scenario 1 and Scenario 2 with both signal and artifical noise transmitted by the TE, the Noc level should be selected based on the metric of SNRRP = SNRBB + [1] dB.

Proposal 1: For Scenarios 1&2 and Mode 1, Noc level should be selected based on the metric of SNRRP = SNRBB + 1 dB.
2.1 Noc level and SNR range for Scenario 1
2.1.1 Scenario 1 with fine beam

For Scenario 1 with fine beam, the method for 1AoA with peak beam direction would be the same as that for demod testing case. In such case, the Noc level for demod case should be reused. There were some discussion about the Noc level for demod testing. And two options are listed:
· Option 1: Keep the same value of -153dBm/Hz for power class 3 in n260 under the worst case assumptions [2]
· Option 2: Use the value of -155dBm/Hz for power class 3 in n260 under the coverage requirements [3]
Since the Noc levels for FR2 demod/RRM will take both UE power class and operating band into account, and furthermore, UE should align with the coverage requirements in 38.101-2, then option 2 should be applied for Noc level for Scenario 1 with fine beam.
The SNR range can be derived based on the agreed SNR range in [2], and the maximum feasible SNR for DFF would be 2dB higher than that in [2], hence the maximum feasible SNR for DFF is 16.5dB+2dB=18.5dB.
For PC3 in n257, based on the agrreed reference sensitivity power level for power class 3 in TS38.101-2, the differnce in requirements between n257 and n260 is 2.6dB (-85.7-(-88.3)=2.6dB).
Using the same method, the Noc level for power class 3 in n260 is -157.6dBm/Hz (-155dBm/Hz-2.6dB), and the maximum feasible SNR is about 21.1dB.

Proposal 2: 
· Use Noc level of -155dBm/Hz for power class 3 in n260 for Scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 18.5dB for 100MHz Channel bandwidth. 
· Use Noc level of -157.6dBm/Hz for power class 3 in n257 for Scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 21.1dB for 100MHz Channel bandwidth.
We should note that the BW for 120kHz SSB would be less than 50MHz. Therefore, the maximum feasible SNR level could be set about 3dB higher than the values in Proposal 2. For 240kHz SSB, the BW would be more than 50MHz, but still have some gain compared with 100MHz BW SSB.
Observation 1: The BW for SSB would be less than 100MHz. Therefore, the maximum feasible SNR level would be higher than the values derived by 100MHz Ch BW (e.g. With 50MHz CH BW, the SNR level cab be about 3dB higher).
2.1.2 Scenario 1 with rough beam

In Scenario 1 with rough beam, the similar method of fine beam can be reused. And there are the two key parameters that need to be identified: 1) which is the beam peak direction for rough beam 2) what is the difference between fine and rough beam. From a test point of view, it is not feasible to determine the rough beam peak direction since there are no RF requirements for rough beams and the sensitivity with such beams cannot be measured. Therefore, for Scenario 1 with rough beam, we have the following proposal:
Proposal 3: Scenario 1 with rough beam in RRM testing is not considered further.
2.2 Noc level and SNR range for Scenario 2
2.2.1 Scenario 2 with fine beam

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/coverage requirements difference between beam peak direction and non-beam peak direction. There was some discussion on side conditions for RRM testing and how to derive the Noc level for non-beam peak direction. The derivation of Noc level based on difference between EIS and EIS spherical (e.g. 50%-ile) was proposed to be considered [4-5]. In this paper, we provide the results using the EIS requirements to derive the Noc level and SNR range for Scenario 2.
However, we should note that the values for EIS spherical coverage is still under discussion. So, we assume the same difference between peak beam EIRP and 50%-ile EIRP spherical coverage defined in TS38.101-2 is 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 TS38.101-2, we can obtain the following requirements difference for n260 and n257 with non-beam peak direction.

Table 1: UE assumptions for n260 and n257 with non-beam peak direction with fine beam
	Operating band
	Peak EIRP for PC3(dBm)
	EIRP at 50%-tile CDF(dBm)
	Difference between peak EIRP and 50%-tile CDF(dB)

	n260
	20.6
	8
	Y=12.6

	n257
	22.4
	11.5
	Y=10.9


Then using the difference assumption Y in Table 1, we can get the Noc level and SNR range for power class 3 UE in n260 and n257 respectively by using Noc level (with fine beam at peak direction) +Y.

· Noc level for n260: -155+12.6 = -142.4dBm/Hz, Maximum feasible SNR for DFF is 5.9dB for 100Mhz CH BW
· Noc level for n257: -157.6+10.9 = -146.7dBm/Hz, Maximum feasible SNR for DFF is 10.2dB for 100Mhz CH BW
Proposal 4: 
· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y for Scenario 2 with fine beam 
· Use Noc level of -142.4dBm/Hz for power class 3 in n260 for Scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 5.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -146.7dBm/Hz for power class 3 in n257 for Scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 10.2dB for 100Mhz Channel bandwidth.
Note that the maximum feasible SNR level would be higher due to less CH BW e.g. 3dB higher for 50MHz CH BW.
2.2.2 Scenario 2 with rough beam

For Scenario 2 with rough beam, the same method for Scenario 2 with fine beam should be used to derive the Noc level and SNR range. But the difference in gain between rough beam and fine beam should be considered. Since for 1AoA scenario, the antenna gain does not have so much impact on SNR at reference point and only affects the SNR range at baseband within 1dB SNR error. To be safe during the test, based on the discussion in [7], we propose to use 5dB for the difference between fine and rough beam. Based on the assumptions, then we can get Noc levels using the equation of Noc level (with fine beam at peak direction) + Y +Z.
Table 2: UE assumptions for n260 and n257 with non-beam peak direction with rough beam
	Operating band
	Peak EIRP for PC3(dBm)
	EIRP at 50%-tile CDF(dBm)
	Difference between peak EIRP and 50%-tile CDF(dB)
	Antenna gain difference between fine and rough beam (dB)

	n260
	20.6
	8
	Y=12.6
	Z=5

	n257
	22.4
	11.5
	Y=10.9
	Z=5


Further consider the difference assumption Z in Table 2, we can get the Noc level and SNR range for power class 3 UE in n260 and n257 respectively by Noc level with fine beam at peak direction +Y+Z.

· Noc level for n260: -155+12.6+5 = -137.4dBm/Hz, Maximum feasible SNR for DFF is 0.9dB for 100Mhz CH BW
· Noc level for n257: -157.6+10.9+5 = -141.7dBm/Hz, Maximum feasible SNR for DFF is 5.2dB for 100Mhz CH BW
Proposal 5: 
· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y+Z, and Z=5dB for Scenario 2 with rough beam
· Use Noc level of -137.4dBm/Hz for power class 3 in n260 for Scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 0.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -140.7dBm/Hz for power class 3 in n257 for Scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 5.2dB for 100Mhz Channel bandwidth.
Note that the maximum feasible SNR level would be higher due to less CH BW e.g. 3dB higher for 50MHz CH BW.
2.3 Scenario 3
For Scenario 3 with 2AoAs case, based on the agreed WF in [1], there are two options:
· Option 1: One signal comes from the UE RX beam peak direction. The other signal comes from the non-RX beam peak direction

· Option 2: Both signals come from the non-beam peak directions

In this scenario, we prefer option 2 since we cannot always guarantee DUT connects serving SS with beam peak direction. 
To define the Noc level and specify the SINR, 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                                                                (1)
SNR_P2_RP= S_tx_P2/ N_tx_P2                                                                 (2)
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)                                                               (3)
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
From the above equations, UE antenna gains G_UE_P1/P2 would be the key parameters for calculating the SINR for 2AoAs case.
For Noc level in 2AoA case, based on the discussion in section 2.2, we can use the same values in section 2.2 for each probe to derive the Noc level in 2AoAs case. That means the Noc level for each probe would be set as following values at the reference point.
· With fine beam: -142.4dBm/Hz for n260, -146.7dBm/Hz for n257
· With rough beam: -137.4dBm/Hz for n260, -140.7dBm/Hz for n257

The actual SINR seen by the UE will depend on the UE antenna pattern (relative gain between these directions) but we can still use the similar antenna assumption which is derived using the difference between EIS peak and 50-tile EIS spherical coverage requirements to calculate the SINR bounds for fine beam, and consider the additional antenna gain difference for rough beam. 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. 
For fine beam, the lower bound of maximum feasible SINR with the same signal levels from serving and interfering cells: Set the G_UE_P1 and G_UE_P2 equal to effective antenna gain with non-peak beam gain (-4.6dB for n260, -2.5dB for n257[5] under the Noc level proposed in this paper, and antenna gain assumptions can be revised based on the sensitivity requirements). Then the lower bound of maximum feasible SINR with 100MHz Ch BW for DFF in n260 and n257 can be calculated:
· The lower bound of maximum feasible SINR is about -2.1dB for n260
· The lower bound of maximum feasible SINR is about -1.3dB for n257
For rough beam, the lower bound is based on the further Z=5dB down antenna gain:

· The lower bound of maximum feasible SINR is -7.1dB for n260
· The lower bound of maximum feasible SINR is about -4.0dB for n257
Note that here the lower bound is derived based on the assumptions the same signal level transmitted from both serving and interfering cells. And we can use the same methodology to derive the lower bound with different signal level at serving and interfering cell. For example, the SINR can be further decreased by setting smaller signal level from serving cell, and maximal signal power transmitted from interfering cell.
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.
Table 3: SINR range for 2AoAs case with 100MHz BW
	Operating band
	Beam type
	Lower bound SINR
	Upper bound SINR

	n260
	Fine
	-2.1dB
	5.9dB

	
	Rough
	-7.1dB
	0.9dB

	n257
	Fine
	-1.3dB
	10.2dB

	
	Rough
	-4.0dB
	5.2dB


Proposal 6: 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. And the lower and upper bound of SINR for fine and rough beam can be derived using the method proposed in the paper.
In [1], another mode which TE transmits only desired signal without artificial noise was also agreed to be supported. This mode should also be considered in 2AoAs case which means only signal levels are controlled based on the side conditions defined in 38.133 from the two probes and no artificial noise is added. Such test can be used for measurement accuracy tests with low Io or for CA testing in which higher SINR is needed and the TE has dynamic range limitations.

Proposal 7: Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions for 2AOAs scenario. 
3 Conclusion

In this paper, we discuss the methodology to define the Noc level and SNR range for RRM testing. The following observations and proposals are made:

Proposal 1: For Scenarios 1&2 and Mode 1, Noc level should be selected based on the metric of SNRRP = SNRBB + 1 dB.

Proposal 2: 
· Use Noc level of -155dBm/Hz for power class 3 in n260 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 18.5dB for 100Mhz Channel bandwidth. 

· Use Noc level of -157.6dBm/Hz for power class 3 in n257 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 21.1dB for 100Mhz Channel bandwidth.
Observation 1: The BW for SSB would be less than 100MHz. Therefore, the maximum feasible SNR level would be higher than the values derived by 100MHz Ch BW (e.g. With 50MHz CH BW, the SNR level cab be about 3dB higher).

Proposal 3: Scenario 1 with rough beam in RRM testing is not considered further.
Proposal 4: 
· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y for Scenario 2 with fine beam
· Use Noc level of -142.4dBm/Hz for power class 3 in n260 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 5.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -146.7dBm/Hz for power class 3 in n257 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 10.2dB for 100Mhz Channel bandwidth.
Proposal 5: 
· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y+Z, and Z=5dB for Scenario 2 with rough beam
· Use Noc level of -137.4dBm/Hz for power class 3 in n260 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 0.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -140.7dBm/Hz for power class 3 in n257 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 5.2dB for 100Mhz Channel bandwidth.
Proposal 6: 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. And the lower and upper bound of SINR for fine and rough beam can be derived using the mehod proposed in the paper.

Proposal 7: Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions for 2AOAs scenario. 
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