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1. Introduction
[bookmark: _GoBack]Three use cases are evaluated where: “5.1 CSI feedback enhancement”, “5.2 Beam management”, and “5.3 Positioning accuracy enhancement” in [1]. The evaluation showed a performance gain for the beam management, which had solely been reflected in the RAN1 technical perspective thus far. The critical issue is consistent performance gain in the conformance testing and network deployment circumstances. We propose addressing issues related to “5.2 Beam management of BM-Case1 and BM-Case2”, specifically “Issue 2-3: Test setup feasibility for FR2”. The general and testability/interoperability issues for beam management are captured in the WF agreements of NA_AIML_air[2].

	2.2 Testability and interoperability issues for beam management
2.21 Agreements in ad-hoc session (R4-240xxxx)
Issue 2-1: Metrics/KPIs for Beam prediction requirements/tests
· Companies to bring further proposals on how to study the impact of measurement accuracy on prediction accuracy.
Issue 2-2: Measurement accuracy 
· Companies to bring further proposals on how to study the impact of measurement accuracy on prediction accuracy.
Issue 2-3: Test setup feasibility for FR2
· Companies are invited to provide further analysis on what the test setup should enable in terms of test environment


2. Discussion 
2.1 Testability for testing AI-BM of BM-Case1
In the evaluation phase [1], for the BM-Case 1, the four different performances were studied in the following table. For BM-Case 1, it is essential to utilize the relationship, the spatial domain correlation, and the gNB antenna gain between Set B and Set A, which is the performance gain and the reduction of measurement overhead, employing AI/ML. In that framework, as seen in Table 1, the number of measured Set B beams is less than that of Set A. If there are no issues with validating the spatial domain properties using fewer downlink beams, RAN4 can reduce the required number of beams for the test environment for BM-Case1. For example, under the validated spatial correlation test setup, AI/ML capable UE can be tested on fewer BS beams, such as by 4 or 8. Indeed, the generalization aspect shall be validated as noticed. In other words, RAN4 may find a solution that meets both the reasonable test setup environment and the generalization. As everyone knows, the fewer beams needed for the test setup, the more practical and cost-effective. 
[bookmark: _Ref161758271]Table 1. Performance evaluation for BM-Case 1[1]
	Beam management [3]
	The number of Set B

	6.3.2.1.1 Performance when Set B is a subset of Set A for DL Tx beam prediction
	1/4, 1/6, 1/8 of Set A of beams

	6.3.2.1.2 Performance when Set B is different than Set A for DL Tx beam prediction
	Set B of Wide beams 1/4, 1/6, 1/8 of Set A of beams

	6.3.2.1.3 Performance when Set B is a subset of Set A for DL Tx-Rx beam pair prediction
	1/4 Set A of beams

	6.3.2.1.4 Performance when Set B is different to Set A for DL Tx-Rx beam pair prediction
	Set B of Wide beams 1/4, 1/8 of Set A of beams


Table 2. BS Antenna Configuration and UE antenna Configuration from Table 6.3.1-1[1]
	 Table 6.3.1-1: Baseline System Level Simulation assumptions for AI/ML in beam management evaluations 
	Parameter
	Value

	BS Antenna Configuration
	Antenna setup and port layouts at gNB: (4, 8, 2, 1, 1, 1, 1), (dV, dH) = (0.5, 0.5) λ
Other assumptions are not precluded. Companies to explain TXRU weights mapping. Companies to explain beam selection. Number of BS beams: 32 or 64 downlink Tx beams (max number of available beams) at NW side. Other values, e.g., 256 not precluded.

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Antenna setup and port layouts at UE: (1, 4, 2, 1, 2, 1, 1), 2 panels (left, right)
Other assumptions are not precluded
Companies to explain TXRU weights mapping.
Companies to explain beam and panel selection.
Number of UE beams: 4 or 8 downlink Rx beams (max number of available beams) per UE panel at UE side. Other values, e.g., 16 not precluded.

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10


2


Observation 1: Upon the deployment circumstances, the number of TX beams can vary such as 8 to 64 downlink Tx beams (max number of available beams) at NW side. Other values, e.g., 256 not precluded.
Observation 2: The number of UE beams can vary by 4 or 8 downlink Rx beams (max number of available beams) per UE panel at UE side. Other values, e.g., 16 not precluded. 
Observation 3: It is essential to provide the spatial correlation for the test setup environment for BM-Case1. 
Observation 4: The testability and interoperability for BM-Case1 and 2 shall have sustainability for the various deployment circumstances of the gNB antenna configuration.
Proposal 1:  Study and specify the single testing environment to keep sustainability for the various deployment scenarios.
Proposal 2:  The following options should be considered
· Option 1: Study whether or not the existing FR2 OTA chamber has a sustainable testing environment providing the spatial property for BM-Case1 and 2. 
· Option 2:  Study and specify the minimum required number of TX beams and the test setup environment to evaluate the inference algorithm such as 4x4 or, 2X4, or 1X8 TX Beams where other configuration is not precluded for the test setup that shall have single and independent evaluation environment.
2.2 Testability for testing AI-BM of BM-Case2
For BM-Case2, AI/ML shows the performance gain without and with UE rotation compared to the non-AI baseline, according to [1]. When considering UE rotation, it evaluated the speed of UE rotation and all three rotational axes under this modelling, with the rotational direction chosen uniformly at random among the three axes.
It could be practical and feasible to accept the existing FR2 OTA chamber for BM-Case2 of the AI-BM test if there is no effect on the inference running for the rotational direction. In the other case, we need to study whether or not the inference algorithm can be affected by the rotational direction of UE. So far, the baseline measurement setup of RRM characteristics does not support the rotation direction on uniform distribution movement among the three axes. Technically, the rotation direction is processed as the preconfigured sequential direction, as captured in Figure 2[3].
[image: ]
Figure 2: Baseline measurement setup of RRM characteristics (from Fig. 6.2.1.1-1 [3]) 
In the evaluation [1], the UE direction is captured for BM-Case2 where both scenarios of Set A= Set B and Set B is a subset of Set A are evaluated under with UE rotation and without UE rotation.
	6.3.2.2.1	Performance when Set A = Set B
For BM-Case2, when Set B = Set A, for DL Tx beam prediction with the measurements from the best Rx beam or Tx-Rx beam pair prediction, without considering generalization aspects, with the following assumptions: 
-	UE speed: 30km/h (unless otherwise stated)
-	Prediction time: 80ms/160ms/320ms/640ms/800ms/others
-	With UE rotation and without UE rotation
-	Set B is the same as Set A in each time instance for measurement
~ sentences skipped ~
[bookmark: _Toc149657169]6.3.2.2.2	Performance when Set B is a subset of Set A
For BM-Case2, when Set B patten is a subset of Set A in each time instance, for DL Tx beam prediction with the measurements from the best Rx beam or Tx-Rx beam pair prediction, without considering generalization aspects, with the following assumptions: 
-	UE speed: 30km/h (unless otherwise stated)
-	Prediction time: 40ms/80ms/160ms/320ms/640ms/others
-	With and without UE rotation
-	Fixed Set B patterns or preconfigured Set B pattens in each measurement instances (unless otherwise stated)
~ sentences skipped ~
6.3.2.3	Performance under different assumptions/scenarios for BM-Case1 and/or BM-Case2
 (B) For Tx DL beam prediction with UE rotation, 
~ sentences skipped ~
-	Wherein, UE rotation is modelled every 40ms with constant 10 RPM rotation speed in all three rotational axes, with rotational direction chosen uniformly at random among the three axes.
~ sentences skipped  [109 page] ~
(B) For Tx DL beam prediction, based on the evaluation from 2 sources, AI/ML can provide some beam prediction accuracy gain comparing with non-AI baseline (Option 2, sample-and-hold) with UE rotation and the performance of AI/ML compared to baseline (Option 2, sample-and-hold) improves with the increase of measurement periodicity:
~ sentences skipped ~
[bookmark: _Hlk161662828]-	In the evaluation, UE rotation is modelled every 40ms with constant 10 RPM rotation speed in all three rotational axes, with rotational direction chosen uniformly at random among the three axes. 



Observation 5: In the evaluation, UE rotation is modelled for BM-Case2 with a rotation speed in all three rotational axes, with the rotational direction chosen uniformly at random among the three axes.
Proposal 3:  The following issues should be considered
· Study on the testing BM-Case2 whether or not the inference algorithm is independent of the rotational direction of UE. 
· Study the test setup on the existing FR2 OTA setup as baseline.
· Otherwise, study a test environment considering the rotational direction of UE 

3. Conclusion
In this contribution, we provided our viewpoints on the testability and interoperability of beam management.
Observation 1: Upon the deployment circumstances, the number of TX beams can vary such as 8 to 64 downlink Tx beams (max number of available beams) at the NW side. Other values, e.g., 256 not precluded.
Observation 2: The number of UE beams can vary by 4 or 8 downlink Rx beams (the max number of available beams) per UE panel at UE side. Other values, e.g., 16 not precluded. 
Observation 3: It is essential to provide the spatial correlation for the test setup environment for BM-Case1. 
Observation 4: The testability and interoperability for BM-Case1 and 2 shall have sustainability for the various deployment circumstances of the gNB antenna configuration.
Proposal 1:  Study and specify the single testing environment to keep sustainability for the various deployment scenarios.
Proposal 2:  The following options should be considered
· Option 1: Study whether or not the existing FR2 OTA chamber has a sustainable testing environment providing the spatial property for BM-Case1 and 2. 
· Option 2:  Study and specify the minimum required number of TX beams and the test setup environment to evaluate the inference algorithm such as 4x4 or 2X4 or 1X8 TX Beams where other configuration is not precluded for the test setup that shall have single and independent evaluation environment.
Observation 5: In the evaluation, UE rotation is modelled for BM-Case2 with a rotation speed in all three rotational axes, with the rotational direction chosen uniformly at random among the three axes.
Proposal 3:  The following issues should be considered
· Study on the testing BM-Case2 whether or not the inference algorithm is independent of the rotational direction of UE. 
· Study the test setup on the existing FR2 OTA setup as baseline.
· Otherwise, study a test environment considering the rotational direction of UE 
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