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1 	Introduction
This contribution is updated about how to test the RRM performance for FR2.
2 SNR side condition setting for FR2 
In RAN4 #88bis meeting the test methodology for FR2 RRM performance requirements was discussed. In particular, the following agreements were made [1]:
	· UE RX beam types definitions
· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements) 
· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.
· Beam peak definition
· UE RX beam peak is the RX beam peak defined for the UE RF in TS 38.101-2 (i.e. beam peak corresponding to the “fine” beams)
· SNR definition
· SNRRP – OTA reference point SNR
· SNRBB – baseband SNR
· The following types of RRM test cases can be supported by the NR Test Methods
· Type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams 
· Type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams
· Note: It is up to RRM room to identify which test cases are Type 1 or 2
· Scenarios for RRM test cases which can be supported by the NR Test Methods
· Scenario #1: 1 AoA with signal coming from the UE RX beam peak direction
· Scenario #2: 1 AoA with signal coming from the non UE RX beam peak direction
· Scenario #3: 2 AoA
· Signal directions
· 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
· Assumption is that the respective signal and noise levels per AoA at the reference point will be defined in the test description
· Note 1: Type 1 and Type 2  RRM test cases can be used for either scenario
· Note 2: it is up to RRM room to decide whether any of the scenarios can be used for RRM test case definition.
· The following modes of Side condition emulation can be supported by the NR Test Methods
· Mode 1: TE emulates target SNR conditions
· Scenario 1/2: TE transmits desired signal and artificial noise jointly. The noise power is set to reach target SNR conditions in the reference point
· Scenario #3: TE can transmit both desired and noise signals from both directions. 
· Option 1: Same noise level can be applied for both tested directions.
· Option 2: Different noise levels can be applied for different directions.
· Mode 2: TE emulates desired signal only without artificial noise
· Note: It is up to RRM room to select applicable mode for each test case
· 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)
· Further identify assumptions on UE RX beam antenna gain difference relative to the UE RX beam peak antenna gain for Noc definition under assumption of using “rough” beams
· Companies are encouraged to bring comparison of the UE spherical coverage for “rough” and “fine” beams
· Analysis can be done under assumption that UE supports [N] beams codebook for “rough” UE RX beams
· Option 1: N = 4
· Option 2: N = 8
· Other options are not precluded
· Whichever option company chooses it is required to ensure that UE is compliant with RRM requirements
· Notes: Based on TR 38.133 section 9.2.5.1
· Mpss/sss_sync_w/o_gaps : For a UE supporting power class 1(fixed wireless access), Mpss/sss_sync=40. For a UE supporting power class 2(vehicle mounted), Mpss/sss_sync_w/o_gaps =[24].  For a UE supporting power class 3 (handheld), Mpss/sss_sync_w/o_gaps =[24]. For a UE supporting power class 4, Mpss/sss_sync_w/o_gaps =TBD 
· Mmeas_period_w/o_gaps : For a UE supporting power class 1 (fixed wireless access), Mmeas_period_w/o_gaps =40. For a UE supporting power class 2 (vehicle mounted), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 3 (handheld), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 4, Mmeas_period_w/o_gaps =TBD.



For FR2, the SNR side condition should be the same as that of FR1. For example, for intra-frequency absolute RSRP accuracy, the SNR=-6dB. Since the RSRP inaccuracy only consider the baseband inaccuracy plus implementation margin and beamforming gain is not considered, the SNR should be -6dB after beamforming as well.
Proposal 1: For FR2, the SNR side condition should be the same as that of FR1.
In the NR Testability discussion, type 1”fine beam” and type 2 ”rough beam” are defined. For demodulation part, “fine beam” will be used. For, RSRP/RSRQ/SINR related RRM performance test, type 2 “rough” beam will be used.
There are 3 general scenarios: 
· Scenario #1: 1 AoA with signal coming from the UE RX beam peak direction
· Scenario #2: 1 AoA with signal coming from the non UE RX beam peak direction
· Scenario #3: 2 AoA
For RSRP/RSRQ/SINR testing, 1 AoA is preferred. 
For the 1 AoA case we note that the RX beam peak directions for the fine and rough beams could be different. In particular, in accordance to our simulation, the antenna gain difference can be in the range of several dB. Such difference in the antenna gains could substantially reduce the SNR. Therefore, in order to improve the testable SNR range it is desirable to ensure that the TX signal is aligned with the rough beam peak direction. So, we suggest to perform the testing from the rough RX beam peak direction. 
The test method may be adjusted to find the rough beam RX peak test direction prior to the start of the test. For instance, the beam peak direction can be found using the SS-RSRP or SS-SINR reporting since UE is supposed to use rough beams for the where UE is using rough beams. Furthermore, SS-SINR reporting method can be more preferable due to lack of RF margins and better accuracy (±3dB accuracy). The existing RX beam peak search procedure based on the SS-RSRP defined for the RF test methods can be adjusted to support the SS-SINR metric instead .
Proposal 2: Perform RSRP/RSRQ/SINR test from the rough Rx beam peak direction, the beam peak direction can be found using the SS-RSRP or SS-SINR reporting.
Proposal 3: For RRM testing, 1 AoA test of scenario #1 is considered.

Based on 1AOA method, there is a proposed method about how to set SNR level after beamforming. As shown in Fig.1, both reference signal and artificial noise is transmitted at the same place from TX side. The OTA SNR at reference point A can be set to the desired SNR value, e.g. X dB. The absolute power of reference signal and artificial noise is much higher than that of thermal noise. 
SNR after beamforming is measured at RSRP reference point B. Since both the reference signal and artificial noise go through beamforming module and the thermal noise power is very low and can be omitted, the SNR ratio will not be changed, which is still X dB. In this way, it can set the desired SNR level after beamforming.
 However, due to test equipment constraints, The OTA SNR at reference point A and SNR observed at the reference point B can be different. Observations can be taken at SNR in points A and B and some kind of restriction is needed. The SNR requirement should be defined with respect to the SNR observed at point B (i.e. baseband SNR).




Fig.1 method for SNR setting
Proposal 4: propose one method to set desired SNR level after beamforming:
1. Both reference signal and artificial noise is transmitted at the same place from TX side.
2. The absolute power of reference signal and artificial noise is much higher than that of thermal noise. 
3. The SNR requirement should be defined with respect to the SNR observed at point B (i.e. baseband SNR).
4. RSRP accuracy measurement method for FR2
For absolute RSRP accuracy which is defined as 
RSRP delta = measured RSRP- Geni RSRP
Step 1: calculation of Geni RSRP (P1):
Reference signal with high power is sent out from Tx side. At the receiver side, RSRP is measured after beamforming which is mainly signal power and can be considered as Geni RSRP. 
Step 2: calculation of measured RSRP(P2):
With the method introduced in section 3, reference signal and artificial noise with SNR=-6dB is sent out from Tx side. The reference signal power is the same as that of step 1. RSRP is measured after beamforming with the side condition of SNR=-6dB. The measured RSRP includes reference signal power, artificial noise power and thermal noise power. Thermal noise is very low and can be omitted. 
Step 3: calculation of RSRP delta(P3)
RSRP delta can be deduced by the previous two steps in dB units, where
P3 = P2-P1
In step 1 and step 2, both the Geni RSRP and measured RSRP may include RF error. However, since RSRP delta is the deduction of the two RSRP values, the RF impact can be cancelled. RSRP delta is the baseband inaccuracy. Some implementation margin can be added to set the accuracy requirement.
Proposal 5: propose one method to test absolute RSRP accuracy.
Step 1: calculation of Geni RSRP (P1):
Reference signal with high power is sent out from Tx side.
Step 2: calculation of measured RSRP(P2):
With the method introduced in section 3, reference signal and artificial noise with SNR=-6dB is sent out from Tx side. The reference signal power is the same as that of step 1.
Step 3: calculation of RSRP delta(P3)
RSRP delta can be deduced by the previous two steps in dB units, where
P3 = P2-P1

5. Conclusion
In this contribution, we propose measurement requirement and procedure for FR2.
Proposal 1: For FR2, the SNR side condition should be the same as that of FR1.
Proposal 2: Perform RSRP/RSRQ/SINR test from the rough Rx beam peak direction, the beam peak direction can be found using the SS-RSRP or SS-SINR reporting.
Proposal 3: For RRM testing, 1 AoA test of scenario #1 is considered.
Proposal 4: propose one method to set desired SNR level after beamforming:
1. Both reference signal and artificial noise is transmitted at the same place from TX side.
2. The absolute power of reference signal and artificial noise is much higher than that of thermal noise. 
3. The SNR requirement should be defined with respect to the SNR observed at point B (i.e. baseband SNR).
Proposal 5: propose one method to test absolute RSRP accuracy.
Step 1: calculation of Geni RSRP (P1):
         Reference signal with high power is sent out from Tx side.
Step 2: calculation of measured RSRP(P2):
With the method introduced in section 3, reference signal and artificial noise with SNR=-6dB is sent out from Tx side. The reference signal power is the same as that of step 1.
Step 3: calculation of RSRP delta(P3)delta(P3):
RSRP delta can be deduced by the previous two steps in dB units, where
P3 = P2-P1
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