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1. Introduction
In RAN plenary #94 meeting, a new SID[1] for Rel-18 was approved to study the AI/ML for NR air interface. The objectives for RAN4 of this SID are listed as follows.
	· Interoperability and testability aspects, e.g., (RAN4) - RAN4 only starts the work after there is sufficient progress on use case study in RAN1 and RAN2
· Requirements and testing frameworks to validate AI/ML based performance enhancements and ensuring that UE and gNB with AI/ML meet or exceed the existing minimum requirements if applicable
· Consider the need and implications for AI/ML processing capabilities definition

Note 1: specific AI/ML models are not expected to be specified and are left to implementation. User data privacy needs to be preserved.
Note 2: The study on AI/ML for air interface is based on the current RAN architecture and new interfaces shall not be introduced.


In this document, we will provide some initial views on the interoperability and testability for beam management from the general test framework perspective. 
2. Discussion
Based on the progresses in the previous meeting, there were several typical use cases incorporated in [2], which are listed below.
	Agreement:
· Beam management
· Spatial-domain DL beam prediction
· Temporal DL beam prediction



Beam management case 1 is the spatial-domain DL beam prediction for set A of beams based on measurement result of set B beams which the set B beams is the subset beam of set A, the best beams shall be estimated through AI/ML based BM methods with L1 measurements on a beam subset as the figure shown:
[image: ]
Figure 1 AI beam prediction (Spatial domain)
Another sub use case is beam management case 2 which is the time-domain DL beam prediction for set A of beams based on the historic measurement results of set B of beams. The best beam in the future can be predicted through AI/ML based BM methods based on the beam quality at the current and historical time as the figure shown:
[image: ]
Figure 2 AI beam prediction (Time domain)
2.1 KPIs/Test Metrics for BM Use case
From RAN4 perspective, we need to evaluate the performance metrics which are agreed in RAN1 and in TR38.843, the following aspects need to be studied:
	Both spatial-domain DL beam prediction and temporal DL beam prediction are considered.
For metrics for beam management requirements/tests, the following test metrics are identified and could be considered
-	Option 1: RSRP accuracy
-	Option 2: Beam prediction accuracy
-	Top-1 (%) : the percentage of "the Top-1 strongest beam is Top-1 predicted beam"
-	Top-K/1 (%) : the percentage of "the Top-1 strongest beam is one of the Top-K predicted beams"
-	Top-1/K (%) : the percentage of "the Top-1 predicted beam is one of the Top-K strongest beams"
-	Option 3: The successful rate for the correct prediction which is considered as maximum RSRP among top-K predicted beams is larger than the RSRP of the strongest beam – x dB, 
-	Related measurement accuracy can be considered to determine x
-	Option 4: combinations of above options
The overhead/latency reduction should be considered for the requirements as the side condition. 


RAN4 has already have several meetings on discussing performance metrics for beam management. There are two main metrics: RSRP prediction accuracy and Beam prediction accuracy.
2.1.1 RSRP prediction accuracy
For RSRP prediction accuracy (option 1), it is defined in TR 38.843 as below:
	For AI/ML models, which provide L1-RSRP as the model output, the accuracy of predicted L1-RSRP is to be evaluated. Companies optionally report average (absolute value)/CDF of the predicted L1-RSRP difference, where the predicted L1-RSRP difference is defined as the difference between the predicted L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the same beam.


The UE shall report the predicted RSRP corresponding to predicted beams ID, then the TE will check whether the predicted RSRP value of the strongest beam (Top-1 beam) matches the RSRP value of the strongest beam from legacy or measurement, that is, the RSRP difference between predicted RSRP and the legacy or measured RSRP will be determined whether within the tolerance margin if the tolerance margin is defined. 
If the strongest RSRP value is reported and the RSRP difference is within the tolerance margin when compared with the legacy RSRP on the same beam, then the test is valid. If there is no RSRP difference between predicted RSRP and the legacy RSRP on the same beam, it means the performance of AI/ML model is the best. Otherwise, if the difference between the predicted value and the legacy value is larger than tolerance margin, then the test fails. 
Observation 1: For RSRP accuracy prediction, the RSRP difference is mainly aim to the same beam between the predicted RSRP value and the measured or legacy RSRP values.  
In the last meeting the agreement can be seen as below:
	Agreement:
Companies are invited to provide inputs/proposals to refine the definition of RSRP accuracy 
Hold on the discussions for concrete test metrics until RAN1 had conclusions on the schemes.


We know that the RSRP prediction accuracy is the RSRP difference for the same beam which is similar to the legacy RSRP measurement accuracy definition. We will review the legacy LI-RSRP accuracy and the test requirements.
Absolute LI-RSRP accuracy
The test metric is as below:
Absolute L1-RSRP accuracy=measured L1-RSRP – ideal absolute L1-RSRP
Since the FR2 test is performed by OTA, the ideal L1-RSRP accuracy is a range not a single value. The reported RSRP (dBm) is affected by the equivalent power received by an antenna with 0dBi gain and the Rx beamforming gain. For absolute L1-RSRP accuracy testing, two RSs will be configured which are CSI-RS0 and CSI-RS1. For absolute accuracy of CSI-RS0 and absolute accuracy of CSI-RS1, the UE is deemed to meet the requirement if the reported L1-RSRP is in the range shown in TS39.133 table A.7.6.3.3.3-1, the absolute L1-RSRP accuracy test requirements can be seen as below:
	Table A.7.6.3.3.3-1: L1-RSRP absolute accuracy test requirement
	
	Test requirement Notes1,2,3

	CSI-RS0
	CSI-RS _RP0 -δ + Gmin ≤ Reported RSRP(dBm) ≤CSI-RS _RP0 +δ + Gmax

	CSI-RS1
	CSI-RS _RP1 -δ + Gmin ≤ Reported RSRP(dBm) ≤CSI-RS _RP1 +δ + Gmax

	Note 1:	CSI-RS_RPn is the  equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the CSI-RS n under consideration
Note 2:	δ is the RSRP absolute accuracy requirement from Table 10.1.20.2.1-1, selected according to the Io used in the test
Note 3:	Gmin and Gmax are the minimum and maximum UE gain values from Table B.2.1.5.1-1, selected according to the UE power class





There are three factors impact the absolute L1-RSRP test requirements which are CSI-RS_RPn,  , Gmin and Gmax, where δ is absolute accuracy requirement, e.g. 5dB for normal condition. Based on the above table, we know that if the RSRP values of beams are between the upper and lower bounds, UE will report the strongest RSRP value. 
Observation 2: For legacy L1-RSRP accuracy test metric, ideal RSRP is a range not a single value which has the lower and upper bounds.
Relative LI-RSRP accuracy
Relative accuracy test is designed that two CSI-RSs will be configured which are CSI-RS0 and CSI-RS1. Two RSs are with different RSRP level, and the description in TS38.133 can be seen as below:
	The relative accuracy of CSI-RS based L1-RSRP is defined as the L1-RSRP measured from one CSI-RS compared to the largest measured value of L1-RSRP among all CSI-RS resources of the serving cell.


For relative accuracy requirement, the test metric is as below:
Relative L1-RSRP accuracy=measured L1-RSRP of RS0 – measured L1-RSRP of RS1
For relative accuracy test case, the L1-RSRP difference between reported CSI-RS0 and CSI-RS1 will be calculated and make sure that it will satisfy the relative accuracy requirement:
Difference of two Reported RSRPs ≤ δ，
where δ is relative accuracy requirement, i.e. 5dB.
Observation 3: The relative accuracy is the measured L1-RSRP difference between two RSs.
To my understanding, based on the above analysis, the predicted L1-RSRP difference is similar to the legacy and the absolute RSRP accuracy and the relative RSRP accuracy can be:
Absolute RSRP accuracy= predicted L1-RSRP of beam index i – ideal L1-RSRP of beam index i
Relative RSRP accuracy= predicted L1-RSRP of beam index i – predicted L1-RSRP of beam index n, where the beam index n owns the largest predicted value.
Proposal 1: The predicted L1-RSRP difference is similar to the legacy, the absolute RSRP accuracy and the relative RSRP accuracy can be:
Absolute RSRP accuracy= predicted L1-RSRP of beam index i – ideal L1-RSRP of beam index i
Relative RSRP accuracy= predicted L1-RSRP of beam index i – predicted L1-RSRP of beam index n, where the beam index n owns the largest predicted value.
2.1.2 Beam prediction accuracy
From my perspective, option 2 and option 3 belong to the beam prediction accuracy.
For option 2, the UE will report the predicted beam ID, then the TE will check whether predicted Top-K beams ID includes the strongest beam. The following figures can be seen:
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Figure 3 Option 2 for beam management test (Test passes)
Assuming the left one in figure 3 is the Top-5 predicted beams and the strongest RSRP among top-5 predicted beams is the red one which is beam 1. The right one in figure is the Top-5 legacy/measured beams and the strongest RSRP is the blue one which is the beam 4. For this case, the test would pass since beam 4 among the top-5 predicted beams belongs to the best legacy/measured beam ID. 
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Figure 4 Option 2 for beam management test (Test fails)
For this case, we find that UE would not pass the test since none of the top-5 beams belong to the best measured/legacy beam ID. Thus, if the strongest beam ID is in the predicted Top-K beam ID, then the TE will verify whether the predicted strongest beam ID is the same as strongest measured beam or legacy beam ID. If the strongest beam ID is same as legacy, that means the AI/ML method is better. Otherwise, the test fails. 
In previous meeting, RAN1 just reached the agreements as below:
	Agreement
For UE-sided model, at least for BM-Case1, for content in the report of inference results, support 
· Opt 1: Beam information on predicted Top K beam(s) among a set of beams
· Opt 2: Beam information on predicted Top K beam(s) among a set of beams and RSRP of predicted Top K beam(s) among a set of beams
· At least K=1 and more, FFS on max value
· FFS on beam information 
· FFS on the definition of predicted Top K beam(s)
· FFS on definition of reported RSRP when applicable
· FFS on other information in the report with potential down selection among the following options 
· Opt 3: Beam information on predicted Top K beam(s) among a set of beams and probability information of predicted Top K beam(s) among a set of beams
· FFS on the quantization method of probability information
· Probability information is the probability of the beam to be the Top 1 or Top K beam
· Opt 4: Beam information on predicted Top K beam(s) among a set of beams, RSRP of predicted Top K beam(s) among a set of beams, and confidence information of the RSRP
· FFS on definition of reported RSRP 
· FFS on the definition and quantization method of confidence information
· Other options are not precluded.
where the set of beams is Set A, i.e., the beams for UE prediction.



RAN1 just agreed with opt 1 and opt 2 on the table and at least the beam information on predicted Top K beam(s) among set of beams is reported, the RSRP of predicted Top K beams among a set of beam is an additional information. The option 2 mainly discuss the Top K beams and the option 2 can be considered as the performance metrics.
Observation 4: TE will verify whether the predicted strongest beam ID is the same as strongest ideal beam ID. If the strongest beam ID is same as legacy, that means the AI/ML method is better. Otherwise, the test fails.
Proposal 2: Option 2 shall be considered as the performance metrics for beam prediction.
For option 3, there are two different understandings: 
Alt.1: The strongest predicted RSRP value shall be larger than the strongest ideal RSRP value minus x dB.
Alt.2: The legacy/measured RSRP value of the beam ID corresponding to the maximum predicted RSRP value shall larger than the strongest ideal RSRP value minus x dB.
Observation 5: For option 3, there are two different understandings and the different understanding will cause the different outcomes.
The following figures can be seen:
Alt. 1:
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Figure 5 Option 3 for beam management test (Alt. 1)
Assuming the left one in figure is the Top-5 predicted beams and the maximum RSRP among top-5 predicted beams is the red one which is beam 1. The right one in figure is the Top-5 reference beams and the strongest RSRP is the blue one which is the beam 5. If the maximum RSRP among top-K predicted beams is larger than the RSRP of the strongest beam – x dB, the test will pass, that is, if the RSRP of red one is larger than the blue one minus x dB:
Beam 1 in top-5 predicted beams > Beam 5 in top-5 reference beams – x dB,
then the test will pass.
From this point, we know that the option 3 does not emphasize the strongest RSRP of predicted beam ID is the same with the reference beam ID. Thus, the comparison only occurs between the strongest RSRP values. 
However, Alt. 1 may have worse average RSRP prediction accuracy level. Since this metric is only to compare the strongest beam and ignore the rest RSRP prediction values. One possible case is that the red one has the best RSRP values but the other beams’ RSRP values are poor, that is, the test will pass and the average RSRP prediction accuracy is poor.  
Observation 6: Alt.1 does not emphasize whether the strongest RSRP of predicted beam ID is the same with the reference beam ID or not.
Observation 7: Alt.1 may have worse average RSRP prediction accuracy level even if the UE passes the test.
Proposal 3: The possible worse average RSRP prediction accuracy shall be considered if option 3 Alt.1 is chosen to be one of the performance metrics.
Alt. 2
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Figure 6 Option 3 for beam management (Alt. 2)
Assuming the left one in figure 6 is the Top-5 predicted beams and the maximum RSRP among top-5 predicted beams is beam 4. The right one in figure is the Top-5 legacy/measured beams and the strongest RSRP is the red one which is the beam 1. The blue one is the reference RSRP value of beam 4. Another understanding for option 3 is that the AI/ML model predicted beam 4 which has the strongest RSRP prediction value and corresponding reference RSRP value shall be larger than the strongest reference RSRP value (beam 1) minus x dB:
Beam 4 in top-5 legacy/measured beams > Beam 1 in top-5reference beams – x dB,
then the test will pass.
The following instance can be as reference, assuming:
RSRP of predicted beams: beam 1 = -79dBm, beam 2 = -81dBm, beam 3 = -90dBm,
RSRP of reference beams: beam 1 = -80dBm, beam 2 = -79dBm, beam 3 = -91dBm,
if Top-K = Top-1, the UE would like to report beam 1 which has the largest RSRP predicted value. As this interpretation, the RSRP difference is between measured beam 1 and the measured beam 2, that is, beam 2-beam 1<x dBm. If the RSRP difference is assumed as 3dBm, the test will pass since the RSRP difference between reference beam 1 and beam 2 is 1dBm which is smaller than the threshold.
Proposal 4: RAN4 shall discuss which alternative shall be considered for option 3 and the understanding for option 3 shall be aligned.
Proposal 5: The description of option 3 shall be refined if Alt.2 is considered and it can be refined as:
The reference RSRP value of the beam ID corresponding to the maximum predicted RSRP value shall larger than the strongest reference RSRP value minus x dB.  
2.2 Channel model condition
In the last meeting, RAN4 discussed the channel model assumptions for AI beam management, there two different channel assumptions:
Alt.1 AWGN model
Alt.2 Fading channel
AWGN channels are commonly used to describe traditional wireless communication systems in accessible environments, so they do not consider the impact of multipath effects and are equivalent to constant parameter channels. AWGN channel is deterministic model. For fading channel, fading refers to the random variation in the amplitude of the received signal caused by changes in the channel it has the spatial correlation. It is the random channel. Hence, the main issue is whether the AI beam prediction channel model shall be deterministic model or random model. From my perspective, AWGN model shall not be used for AI beam prediction since there is no uncertainty in spatial domain and there is no spatial correlation. It is not easy to verify the AI beam prediction. In SI stage, we agreed with that the static channel model shall be used firstly, that is, if we use the AWGN model, the channel model is static and deterministic. Thus, the AI beam prediction is not needed. 
Observation 8: AWGN model does not have the spatial correlation.
Proposal 6: For AI beam prediction, AWGN model shall not be used and fading channel shall be considered. 
3. Conclusion
In this contribution, we have the following observations and proposals for the AI/ML:
Observation 1: For RSRP accuracy prediction, the RSRP difference is mainly aim to the same beam between the predicted RSRP value and the measured or legacy RSRP values. 
Observation 2: For legacy L1-RSRP accuracy test metric, ideal RSRP is a range not a single value which has the lower and upper bounds.
Observation 3: The relative accuracy is the measured L1-RSRP difference between two RSs.
Proposal 1: The predicted L1-RSRP difference is similar to the legacy, the absolute RSRP accuracy and the relative RSRP accuracy can be:
Absolute RSRP accuracy= predicted L1-RSRP of beam index i – ideal L1-RSRP of beam index i
Relative RSRP accuracy= predicted L1-RSRP of beam index i – predicted L1-RSRP of beam index n, where the beam index n owns the largest predicted value.
Observation 4: TE will verify whether the predicted strongest beam ID is the same as strongest measured beam or legacy beam ID. If the strongest beam ID is same as legacy, that means the AI/ML method is better. Otherwise, the test fails.
Proposal 2: Option 2 shall be considered as the performance metrics for beam prediction.
Observation 5: For option 3, there are two different understandings and the different understanding will cause the different outcomes.
Observation 6: Alt.1 does not emphasize whether the strongest RSRP of predicted beam ID is the same with the reference beam ID or not.
Observation 7: Alt.1 may have worse average RSRP prediction accuracy level even if the UE passes the test.
Proposal 3: The possible worse average RSRP prediction accuracy shall be considered if option 3 Alt.1 is chosen to be one of the performance metrics.
Proposal 4: RAN4 shall discuss which alternative shall be considered for option 3 and the understanding for option 3 shall be aligned.
Proposal 5: The description of option 3 shall be refined if Alt.2 is considered and it can be refined as:
The reference RSRP value of the beam ID corresponding to the maximum predicted RSRP value shall larger than the strongest reference RSRP value minus x dB. 
Observation 8: AWGN model does not have the spatial correlation.
Proposal 6: For AI beam prediction, AWGN model shall not be used and fading channel shall be considered. 
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