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1 Introduction
In RAN4 #88 the following agreements on the NR FR2 RRM test methods were made [1]:
	· Methodology to derive SNR/SINR

· Agreement from the Ad-hoc for RRM:

· Case of 1 AoA (signal and noise are transmitted from the same probe): 

· Reuse methodology to derive the SNR at Reference point from UE Baseband SNR defined for UE demodulation test methodology under assumption that the testing is done under RX beam peak direction.

· Further discuss how to handle the case when the test is done not in RX beam peak direction

· Case of 2 AoAs:

· Further discuss the methodology to derive the SNR at Reference point from UE Baseband SNR

· For case of 1 AoA, RAN4#88Bis will define the methodology to derive the SNR at Reference point from UE BB SNR under non-RX beam peak direction assumptions

· Signal and noise are transmitted from the same probe

· Consider the spherical coverage and antenna gain assumptions for non-Rx beam peak.

· For case of 2 AoAs, RAN4#88Bis will define the methodology to specify the SNR/SINR at Reference point from UE BB SNR/SINR.

· Signal and noise can be transmitted from one or both active probes. Test description will define the exact signal/noise/SNR/SINR level per TRxP at the reference point. 

· Consider the spherical coverage and antenna gain assumptions for 2 AoAs.

· Capture the methodology how to derive and control the SNR/SINR at reference point in 1 AoA and 2 AoAs cases in TR.

· Power, SNR/SINR Range

· 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.

· Testing methodology

· RAN4#88Bis will study how to define the directions in which the UE RRM test cases will be defined

· Input from the TE vendors on whether the identification of the directions is feasible is needed.

· Companies are encouraged to provide input on how to identify the directions in which the UE RRM test cases can be performed.


During RAN #81 a WF on handling RAN4 Testability SI open issues [2] was agreed and the following agreements on the RRM related topics were made:
	Work plan

· RAN4 #88bis
· RRM
· How to choose directions for incoming signal(s):
· Discuss methodology to choose signal directions and relationship to spherical EIS statistics
· 1 AoA non beam peak direction:
· Define the methodology to derive the SNR at Reference point from UE BB SNR and side conditions 
· Identify approximate Power, SNR range
· 2 AoAs:
· Define the methodology to specify the SNR/SINR at Reference point from UE BB SNR/SINR and side conditions in 
· Identify the approximate Power, SNR/SINR range  
· Discussion on impact to MU for RRM tests with single angle and two angles of arrival, if any
· RAN4 #89
· RRM
· Agree methodology to derive signal directions for testing
· Complete work on SNR and Signal level setting for 2 AoA case and for the case of 1 AoA with non beam peak direction (if not completed in RAN4 88bis)

· Agree impact to preliminary MU for RRM tests, if any


In this contribution we address the remaining open issues for RRM test methods.
2 Discussion

2.1 RX beam peak lock assumptions

UE RX beam lock function is expected to be used for the selected RF tests and for all UE demodulation tests. Based on current status there are no decisions whether RRM tests shall be performed under assumption of beam lock or not and the following approaches can be considered

· Option 1: RRM tests are performed under locked beam in the RX beam peak direction

· More applicable for the verification of RRM baseband functionality

· Option 2: RRM tests are performed under practical UE implementation with enabled RX beam sweeping

· Applicable for verification of RRM RX beam sweeping functionality

In general case, no all RRM tests require RX beam sweeping. For instance, some RRM requirements are focused on the measurements accuracy verification and UE RX beam lock can be applied to avoid UE beam sweeping during the tests. Other tests which require UE RX beam sweeping can be performed without UE RX beam lock. 
Proposal #1:
RRM tests can be performed with or without activated UE RX beam lock.

2.2 RRM test setup scenarios

During previous meeting discussion 3 generic RRM test scenarios were identified with different receive signal AoA emulation procedure:
· Scenario #1: 1 AoA with signal coming from the RX beam peak direction

· Scenario #2: 1 AoA with signal coming from the non RX beam peak direction
· Scenario #3: 2 AoA scenario with 2 signals coming simultaneously from different directions

[image: image1.emf]Scenario #1: 

1 AoA + RX Beam peak

Scenario #2: 

1 AoA + non RX Beam peak

Scenario #3: 

2 AoA


Figure 1. RRM test setup scenarios
The RX beam peak direction definition for RRM tests has not been discussed so far. In our view similar to the RF test methods the RX beam peak direction can be defined as the direction, where UE has the global peak of EIS or RSRP metric among all the RX beams. 
Proposal #2:
RX beam peak direction is the direction, where UE has the global peak of EIS or RSRP metric among all the RX beams. 
However, we would like to note that different UE RX beam assumptions are considered for the UE RF and RRM requirements. In particular, the UE RF requirements are defined under assumption of “fine” UE RX beam tuning which is expected to be used for the PDSCH reception and PUSCH transmission. Meantime, for the RRM tests “wider” beams are assumed to define the minimum requirements. For instance 4 RX beams are considered for the neighbouring cell search and identification for power class 3 UEs. The associated EIS and spherical coverage performance in case of using RRM beams could be different from the metrics considered in the UE RF requirements. 

Observation #1: Different UE RX beam characteristics are assumed for the UE RF and RRM requirements.
Therefore, it may be challenging to reuse the RX beam peak search results obtained in the UE RF tests and RAN4 shall further discuss a separate procedure to find the RX beam peak for the RRM testing.

Proposal #3:
Further define a procedure to find the UE RX beam peak direction for the RRM performance testing under assumption of UE RX beams used in RRM performance requirements.
2.2.1 Scenario #1: 1 AoA with signal coming from the RX beam peak direction
Scenario #1 is the scenario with one simultaneously active emulated DL signal coming from the direction adjusted to the UE RX beam peak direction. The respective UE RX beam peak direction can be found similar to the RX beam peak search used for RF test methods or based on the spherical EIS coverage measurements. To improve the test stability it can be performed under UE RX beam lock assumption.
The Scenario #1 is suitable for the most part of the RRM test cases which focus on the verification of the baseband functionality and don’t consider UE RX beam sweeping. 
Based on RAN4 #88 agreements for such scenarios the desired and noise signals will be transmitted from the same directions and same methodology to derive the SNR at Reference point from UE Baseband SNR defined for UE demodulation test methodology can be applied. In RAN4 #88 it was agreed that Noc = -153dB/Hz level shall be applied under assumption of UE power class 3 and band n260 for the UE demodulation tests [3]. As discussed above different UE RX beam characteristics are assumed for the UE RF and RRM requirements. Therefore, direct reuse of the Noc level adopted for UE Demodulation requirements is not possible and further discussion on the associated value is needed taking into account the RRM beam characteristics. In general, we suggest that the Noc power level shall be increased due to lower expected antenna gains. 
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Figure 2. Scenario #1: 1 AoA + RX Beam peak
Proposal #4:
For scenario with “1 AoA with signal coming from the RX beam peak direction” when TE emulates target SNR side conditions, the Noc power level is adjusted comparing to the UE demodulation test methodology to account for different beam characteristics (Noc = (-153 dBm/Hz + X dB) for UE power class 3 and band n260)
2.2.2 Scenario #2: 1 AoA with signal coming from the non RX beam peak direction
Scenario #2 is the scenario with one simultaneously active emulated DL signal coming from the direction not adjusted to the UE RX beam peak direction. The UE RX beam is not locked and is dynamically tuned to the direction of the incoming signal. UE is expected to choose the optimal RX beam, however the antenna gain is somewhat lower than the gain observed in the RX beam peak direction. In general case, the scenario #2 is quite similar to scenario #1 and the only difference is that it provides lower UE RX antenna gains and, hence, has reduced testable SNR range. The RF room will introduce the requirements to verify the spherical EIS coverage and, hence, the motivation to have a test case coming from non beam peak direction is unclear. In addition, in our understanding in accordance to the RRM room discussion the respective scenario is considered as a fallback variant in case there are no feasible ways to find the UE RX beam peak. So, we recommend to deprioritize the Scenario #2. 
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Figure 3. Scenario #2: 1 AoA + Non RX Beam peak
Proposal #5:
Do not support scenario with “1 AoA and non RX beam peak” for RRM testing

2.2.3 Scenario #3: 2 AoA
Scenario #3 is allows simultaneous DL signal transmission from the test equipment probes from 2 different directions. The particular scenario could be used for the verification of UE RX beam sweeping functionality and during the test UE might dynamically tune its RX beams to the direction of one or the other incoming signals. 
In general case 2 possible scenarios in terms of the RX signal AoA can be anticipated:

· Scenario 3A: 1 signal is coming from the RX beam peak direction and 1 signal coming from the non RX beam peak direction.
· Scenario 3B: 2 signals coming from the non RX beam peak direction.
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Figure 4. Scenario #3: 2 AoA
Scenario 3B could be more challenging in terms of RX signal power level setup and due to reduced UE antenna gains could lead to smaller supported SNR range. Therefore, Scenario #3A is suggested to be considered.
Proposal #6:
For Scenarios with 2 AoAs, 1 DL signal is always coming from the RX beam peak direction.
We assume that for case of 2 AoA each of the probes will transmit a mix of desired and noise signals to emulate certain side conditions for each of the directions. The actual SNR/SINR observed at the UE baseband will depend on the RX beam used in the particular moment of time. The SINR observed at the UE baseband for the case when UE uses the 2 different RX beams directed at the different AoA can be represented as follows:
SINR1 = S1 * G1,1 / (N1 * G1,1 + (S2 + Noc2) G1,2 + N)

SINR2 = S2 * G2,2 / (N2 * G2,2 + (S1 + Noc1) G2,1 + N)

where,

· S1: Desired signal receive power at the reference point for AoA #1
· Noc1 : Noise signal receive power at the reference point for AoA #1
· S2: Desired signal receive power at the reference point for AoA #2
· Noc2 : Noise signal receive power at the reference point for AoA #2
· RX beam #1 is the RX beam tuned for AoA #1
· RX beam #2 is the RX beam tuned for AoA #2
· SINR1: Baseband SINR for the desired signal S1 for RX beam #1 

· SINR2: Baseband SINR for the desired signal S2 for RX beam #2
· N: UE RF noise floor
· G1,1: UE antenna gain (incl. RF implementation loss) for the direction AoA #1 for RX beam #1 

· G1,2: UE antenna gain (incl. RF implementation loss) for the direction AoA #2 for RX beam #1 

· G2,1: UE antenna gain (incl. RF implementation loss) for the direction AoA #1 for RX beam #2 

· G2,2: UE antenna gain (incl. RF implementation loss) for the direction AoA #2 for RX beam #2 

Note: all values are represented in linear (non-dB) scale
It may be observed that the baseband SNR will depend on the multiple factors including the used RX beam, UE antenna gains in different directions for the each of the beams. To ensure that UE RF noise floor does not affect the results it is important to ensure that for each of the AoAs the artificial RX noise level substantially exceeds the UE RF noise floor:
Noc1 * G1,1 >> N

Noc2 * G2,2 >> N

Under assumption that AoA #1 corresponds to the RX beam peak direction, the Noc level at the reference point can be selected similar to the Scenario #1. 
For the AoA #2, the RX antenna gain in the non beam peak direction is lower than in the beam peak direction and using same Noc level as the one used for Scenario #1 would lead to larger bias between the reference point and baseband SNRs. Therefore, the Noc level shall be adjusted to take into account the difference in the antenna gains in beam peak and non beam peak directions. 
Observation #2: 2 AoA scenario requires information on the antenna gain difference in the beam peak and non beam peak directions.
The different antenna gains be obtained from the corresponding EIS or RSRP measurements in the respective directions. The Noc level shall be increased comparing to the Noc level used for RX beam peak.

Noc2 = Noc1 + Δ
The increase of the Noc level shall be equal to the difference in the EIS or RSRP in the respective directions:

 Δ = RSRP2 – RSRP1  or Δ = EIS2 – EIS1
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Figure 5. Noc setup for non RX beam peak AoA
Proposal #7:
For Scenarios with 2 AoAs 
The Noc level for the RX beam peak direction (Noc1) is same as for Scenario #1. 

The Noc level for signals coming from the non-beam peak direction (Noc2) shall be adjusted to take into account the difference in antenna gains in the beam peak and non beam peak directions

We also note that in case the difference between the antenna gains becomes too big, emulation of the desired side conditions may not be feasible. The particular antenna gain difference will depend in the angular direction and actual UE spherical coverage characteristics. So, during the test setup it might be challenging to predict whether the testing is feasible or not. Further discussion on which angles could be selected for testing might be needed. In general, our expectation that tested angles shall be selected in way to avoid big imbalance in UE antenna gains in the two directions. In addition we can follow the principles agreed for the UE demodulation setup and assume that in case the SNR level becomes not reachable by the test equipment, then the respective test shall be skipped. 

Proposal #8:
For Scenarios with 2 AoAs the procedure to select the angles for testing is FFS (e.g. possible restrictions on the antenna gains difference, maximum/minimum angular separation, etc)

3 Conclusion
In this contribution we address the remaining open issues for RRM test methods. In summary we make the following proposals:
Proposal #1:
RRM tests can be performed with or without activated UE RX beam lock.

Proposal #2:
RX beam peak direction is the direction, where UE has the global peak of EIS or RSRP metric among all the RX beams. 

Proposal #3:
Further define a procedure to find the UE RX beam peak direction for the RRM performance testing under assumption of UE RX beams used in RRM performance requirements.

Proposal #4:
For scenario with “1 AoA with signal coming from the RX beam peak direction” when TE emulates target SNR side conditions, the Noc power level is adjusted comparing to the UE demodulation test methodology to account for different beam characteristics (Noc = (-153 dBm/Hz + X dB) for UE power class 3 and band n260)

Proposal #5:
Do not support scenario with “1 AoA and non RX beam peak” for RRM testing

Proposal #6:
For Scenarios with 2 AoAs, 1 DL signal is always coming from the RX beam peak direction.

Proposal #7:
For Scenarios with 2 AoAs 

The Noc level for the RX beam peak direction (Noc1) is same as for Scenario #1. 

The Noc level for signals coming from the non-beam peak direction (Noc2) shall be adjusted to take into account the difference in antenna gains in the beam peak and non beam peak directions

Proposal #8:
For Scenarios with 2 AoAs the procedure to select the angles for testing is FFS (e.g. possible restrictions on the antenna gains difference, maximum/minimum angular separation, etc)
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