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1.
Introduction

As RAN4 develops over-the-air RRM Test cases for NR FR2, it is useful to assess the range of SNR values that could be implemented in a practical RRM test system. The approved Way Forward R4-1811890 [1] targets RAN4#88Bis to identify the approximate power and SNR range for the Rx beam peak direction and non-Rx beam peak direction, with 1 Angle of arrival and also with 2 Angles of arrival.
This Tdoc considers factors that set the SNR range, and proposes values that can be used to design RRM Test cases. 
2.
Way Forward agreed at RAN4#88
In the Way Forward on remaining issues for RRM testing methodology R4-1811890 [1] agreed at RAN4#88 in Gothenburg, slide 3 on Power and SNR/SINR Range contains the text:

· Proposals:
· In RAN4#88Bis: Identify approximate Power, SNR range under the RX beam peak direction and non-RX beam peak direction with 1 AoA 

· In RAN4#88Bis: Identify the approximate Power, SNR/SINR range with 2 AoAs

· Consider [1]dB of difference between SNR at reference point and SNR at UE BB as the starting point.
· Capture the SNR range for both 1 AoA and 2 AoAs cases in the TR.

The analysis in this Tdoc aims to follow the proposals in the Way Forward.
3.
Rx beam peak direction
For Rx beam peak direction, the analysis follows the method used for demodulation in R4-1809772 [2] with two key differences:
· In Figure 1, a negative SNR for is considered for TRxP1

· The free space path loss uses the Direct Far Field value

These are taken as a starting point because RRM test cases with 2 cells often specify one cell with the Es/Iot at the lower limit of the side condition. The Es/IoT value of -4dB at baseband was taken from the LTE inter-frequency scenario, although the side conditions for FR2 are not yet defined in TS 38.133 [3]. Direct Far Field was chosen as it is the baseline setup in TR 38.810 [4].   
The diagram in Figure 1 below considers a signal from TRxP1 arriving in the beam peak direction, and a signal from TRxP2 arriving in a non-beam-peak direction, but within the percentile specified for EIS Spherical coverage. For both angles of arrival, the signal levels are chosen so that SNR degradation from RF to baseband is no greater than 1dB, as proposed in the Way Forward R4-1811890 [1].
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Figure 1: SNR ranges for 2 angles of arrival

The analysis in Figure 1 for TRxP1 beam peak direction shows that an SNR of up to +18dB could be used, assuming a 100MHz channel bandwidth. As the limitation is on overall power transmitted by the Test system, higher SNR values could be used with a lower channel bandwidth.
· Proposal 1: RRM Test cases in Rx beam peak direction use 18dB max SNR, 100MHz max Ch BW 

4.
Non Rx beam peak direction

For the non-beam-peak direction, the analysis follows a similar method to the Rx beam peak direction, with the following additions:
· An inter-frequency scenario has been considered

· An 11dB EIS degradation has been assumed within the Spherical coverage percentile for TRxP2
· A ±4dB UE inter-frequency measurement accuracy for SS-SINR has been assumed
An Inter-frequency scenario has been chosen as the starting point because TRxP1 and TRxP2 will not interfere with each other. In this sense, the analysis is “best case” but for evaluating the range of SNR we believe it to be appropriate.

For spherical coverage the percentile and dB values are not yet specified in TS 38.101-2 [5], but a Way Forward was proposed in R4-1811809 [6]. Although the Way Forward was only noted, there seems to be a reasonable consensus for 10.9dB below peak for power classes 2 and 3, so 11dB has been used here.
The scenario analysed here is a test case where the UE is evaluating a neighbour cell with a different angle of arrival, for example in an event-triggered reporting test case. In such test cases for LTE the UE is normally configured to measure RSRP difference, and to compare it to a signalled threshold. However for over-the-air NR testing in FR2, the RSRP seen by the UE is subject to large variation from both the test equipment downlink power setting uncertainty (estimated at ±6.7dB in TR 38.810 [4]) and from uncertainty in the UE antenna gain. Also, for an angle of arrival within the specified spherical coverage percentile, we only know that the degradation in EIS is within the allowed range of 10.9dB, but not its actual value.
For these reasons the scenario here assumes that the UE evaluates SS-SINR for each TRxP, and is able to compare them according to Table 10.1.15.1.2-1, SS-SINR Inter frequency relative accuracy, as specified in TS 38.133 [3]:    
Table 10.1.15.1.2-1: SS-SINR Inter frequency relative accuracy in FR2

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot Note 2
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	
	

	([3.5]
	([4]
	([TBD] dB
	NR_TDD_FR2_A
	TBD
	TBD
	N/A
	-50

	
	
	
	NR_TDD_FR2_B
	TBD
	TBD
	N/A
	-50

	
	
	
	NR_TDD_FR2_F
	TBD
	TBD
	N/A
	-50

	
	
	
	NR_TDD_FR2_G
	TBD
	TBD
	N/A
	-50

	
	
	
	NR_TDD_FR2_T
	TBD
	TBD
	N/A
	-50

	
	
	
	NR_TDD_FR2_Y
	TBD
	TBD
	N/A
	-50

	([4]
	([4]
	([TBD] dB
	Note 3
	Note 3
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.
NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
The requirements apply for SSB Ês/Iot ≤ [TBD] dB.


The test equipment downlink power setting uncertainty and EIS degradation are taken into account to ensure that SNR degradation from RF to baseband is no greater than 1dB, but they do not directly affect the SNR as they apply to both signal and noise. Similarly, if the UE antenna gain is greater than the minimum value assumed here, signal and noise seen at the UE baseband will both be greater, but the SNR is almost unchanged.  
Setting TRxP1 minimum value of -4dB at baseband (would be -3dB if the actual degradation from RF to baseband was near zero) gives the greatest range for TRxP2, taking into account also the SS-SINR Inter frequency relative accuracy and up to 1dB degradation in SNR for TRxP2. 

The analysis in Figure 1 for TRxP2 non-beam-peak direction shows that an SNR of up to +7dB (+2dB + remaining margin of 5dB) could be used, again assuming a 100MHz channel bandwidth. As the limitation is on overall power transmitted by the Test system, higher SNR values could be used with a lower channel bandwidth.
· Proposal 2: RRM Test cases in non-beam-peak direction use 7dB max SNR, 100MHz max Ch BW
The values in Proposal 1 and Proposal 2 may seem quite restrictive, but for RRM test cases it is likely that the test purpose could be met using a channel bandwidth lower than 100MHz or by allocating less than the full number of RBs.
· Proposal 3: If higher SNRs are required in RRM Test cases, consider <100MHz channel bandwidth or allocating less than the full number of RBs
In our understanding, EIS performance outside the specified spherical coverage percentile is unspecified. RRM test cases should therefore be designed so that both angles of arrival are within the specified spherical coverage percentile.
· Proposal 4: RRM Test cases specify all angles of arrival within the spherical coverage percentile
The large variations from test equipment downlink power setting uncertainty, uncertainty in the UE antenna gain and the EIS degradation within the specified spherical coverage percentile would make RRM test cases based on comparing UE-measured RSRP from 2 Angles of Arrival unreliable. We therefore prefer SS-SINR.
· Proposal 5: For RRM Test cases comparing signals from 2 AoA, use relative SS-SINR as the metric  

5.
Transmission of noise
It has been pointed out that if noise is only transmitted from the same direction as the wanted signal, the UE does not have to align its Rx beam to the angle of arrival intended in the test because the SNR seen at UE baseband would be unchanged even for a misaligned beam. The discussion on whether spatially white noise should be approximated for RRM test cases is ongoing.

In a test case such as the inter-frequency scenario analysed here, it would be possible to also transmit noise from TRxP1 on the “f2” frequency used by TRxP2. The principle of this method was outlined in R4-1808614 [7]. If implemented, the total power transmitted by TRxP1 would need to remain within the overall limit. 
6.
Intra-frequency testing
For intra-frequency testing with more than one angle of arrival, the overall noise seen at UE baseband would depend on the noise transmitted from each angle of arrival, and also on the UE antenna gain in each direction. This scenario has not yet been analysed, and would require a model for the UE antenna pattern.
7.
Way Forward

RAN4 is asked to consider the following proposals for RRM test cases (if 2 AoA, inter-freq):

· Proposal 1: RRM Test cases in Rx beam peak direction use 18dB max SNR, 100MHz max Ch BW
· Proposal 2: RRM Test cases in non-beam-peak direction use 7dB max SNR, 100MHz max Ch BW
· Proposal 3: If higher SNRs are required in RRM Test cases, consider <100MHz channel bandwidth or allocating less than the full number of RBs
· Proposal 4: RRM Test cases specify all angles of arrival within the spherical coverage percentile

· Proposal 5: For RRM Test cases comparing signals from 2 AoA, use relative SS-SINR as the metric

We recognise that these SNR values depend on the assumptions, and may only be applicable for Power class 3. Other UE types may need different values.
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