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1 Introduction
In RAN4#108 meeting, discussion on use case for AI is widely discussed, in this contribution, we will discuss the test metrics for beam management.
2 Discussion
2.1 Metrics of different motivation for Beam management
	Issue 2-2: Metrics/KPIs for Beam prediction requirements/tests 
· Proposals
· Option 1: RSRP accuracy
· Option 2: beam prediction accuracy :Top-1(%), Top-K(%)
· Option 3: maximum RSRP among top-K predicted beams is larger than the RSRP of the strongest beam – x dB, x>relative measurement accuracy requirement 
· Option 4: overhead/latency reduction 
· Option 5: combinations of above options
· Recommended WF
· To be discussed



In RAN1, test metrics for Beam management are classified according to different motivations specified in TR[]. We summarize the motivation types:
1. Beam prediction accuracy
2. System performance related KPIs, e.g. throughput, RS overhead reduction
3. Other KPIs, e.g. UCI report overhead reduction, latency reduction
4. Predicted L1-RSRP accuracy
Observation 1: Many metrics for different motivation for beam management are defined in RAN1.
Here, if Issue 2-2 only focus about beam prediction accuracy, we suggest to only discuss beam prediction accuracy related metrics in issue 2-2. For beam prediction accuracy, RAN1 has already designed many metrics. It can be based on beam index difference or RSRP difference. RAN4 can choose one or two metrics between them. For overhead/latency, it can be discussed in separate issues, e.g. system performance. 
Besides, as specified in RAN1, the test metric for RSRP prediction accuracy is also defined. RSRP prediction accuracy will be based on RSRP difference. Since RSRP based metric may serve for different purpose. if only RSRP accuracy is mentioned, it will cause confusion which metric we are discussing.
Therefore, we suggest to discuss metric for different motivation separately. 
Proposal 1: RAN4 to discuss test metric for different motivation for beam management separately.
2.2 Difference between metrics for beam prediction accuracy and RSRP prediction accuracy
First, we would like to clarify the main difference between metrics for beam prediction accuracy and RSRP prediction accuracy.
Difference between beam prediction accuracy and RSRP prediction accuracy

· Beam prediction accuracy metric– evaluate the beam index difference or RSRP difference between predicted Top-1/K beam and Genie-aided Top-1/K beam.
· RSRP prediction accuracy metric– evaluate RSRP difference between predicted RSRP and ideal RSRP of the same beam
Beam prediction accuracy focus about the beam index difference or RSRP difference due to possible beam mismatch. It means that RSRP difference may come from different beams. the difference comes from the beam mismatch. If the predicted beam is 
RSRP prediction accuracy focus about the RSRP difference for the same beam. RSRP prediction accuracy is more similar as legacy RSRP measurement accuracy definition.
Both beam prediction accuracy and RSRP prediction accuracy metric are important. Beam prediction accuracy can guarantee that Top-1/K beam is predicted with high possibility. L1-RSRP will provide link quality information. RSRP prediction accuracy will make sure that RSRP prediction is accurate enough to make decision in many scenarios. For example, for L1/L2 mobility, NW will need L1-RSRP value to make decision for HO. Besides, in BFD or CBD, L1-RSRP/L1-SINR value will help to check whether Qin and Qout threshold is satisfied or not. 
Proposal 2: RAN4 needs to define test metric for both beam prediction accuracy and RSRP prediction accuracy.
In the following, we will discuss the metrics for RSRP prediction accuracy and beam prediction accuracy respectively.
2.3 Metrics for RSRP prediction accuracy 
RSRP prediction accuracy metric is defined in RAN1 TR:
	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.




Suppose the predicted Top-1 beam is beam 1, RSRP delta defined in RAN1 is:
RSRP delta = Predicted L1-RSRP of beam 1 - Ideal L1-RSRP of beam 1
From RAN1 simulation baseline, ideal L1-RSRP refers to measured L1-RSRP. There is no aligned simulation assumption whether measured L1-RSRP will include estimation error or not in RAN1. Some companies provide results with estimation error while some company didn’t. If ideal L1-RSRP is the measured L1-RSRP, then the RSRP delta equation will be:
RSRP delta = predicted L1-RSRP of beam 1 – measured L1-RSRP for beam 1
The above RSRP delta only shows the RSRP deviation from the measured RSRP. It’s relative RSRP accuracy compared with measured RSRP. However, from RAN4 test aspect, the measured RSRP will include errors. It didn’t reflect the absolute RSRP accuracy which should be compared with Genie L1-RSRP. In legacy, RSRP accuracy requirement (6dB) is defined for measured L1-RSRP. It means that measured L1-RSRP may be 6dB deviation from Genie RSRP. For predicted beam, if the RSRP delta is further defined on top of the measured L1-RSRP, it’s hard to judge whether the predicted RSRP is closer to Genie RSRP or not. 
Observation 2: If ideal L1-RSRP refers to measured L1-RSRP, RSRP delta defined in RAN1 is relative RSRP accuracy which is compared with measured RSRP, it can’t reflect the actual RSRP predication accuracy(absolute RSRP accuracy).
If we follow the legacy assumption, RAN4 may still need to evaluate predicted RSRP deviation from Genie RSRP and define the absolute RSRP accuracy. Then absolute RSRP accuracy will be defined as below:
RSRP delta = predicted L1-RSRP of beam 1 – Genie L1-RSRP for beam 1
In summary, RAN4 needs to further discuss the definition of ideal L1-RSRP defined in RAN1. If ideal L1-RSRP refers to measured L1-RSRP, then RSRP delta can’t reflect the actual RSRP predication accuracy. It can only reflect the predicted RSRP delta compared with measured value. 
Proposal 3: For RSRP prediction accuracy metric, RAN4 to discuss the definition of ideal L1-RSRP specified in RAN1. If ideal L1-RSRP refers to measured L1-RSRP, RAN4 needs to define absolute RSRP accuracy, i.e. between predicted RSRP with Genie RSRP for the same beam.
2.4 Metrics for Beam prediction accuracy
In RAN1, the test metrics for beam prediction accuracy can be classified into two types:
Type 1: Based on RSRP difference between predicted Top-1 beam and Genie Top-1 beam
-	Average L1-RSRP difference of Top-1 predicted beam:
-	The difference between the ideal L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the Top-1 genie-aided beam
-	CDF of L1-RSRP difference for Top-1 predicted beam
-  Beam prediction accuracy (%) with 1dB margin for Top-1 beam
-	The beam prediction accuracy (%) with 1dB margin is the percentage of the Top-1 predicted beam "whose ideal L1-RSRP is within 1dB of the ideal L1-RSRP of the Top-1 genie-aided beam" 
Type 2: Based on beam index difference between predicted Top-1/K beam and Genie Top-1/K beam 

-	Top-1 (%): the percentage of "the Top-1 genie-aided beam is Top-1 predicted beam"
-	Top-K/1 (%): the percentage of "the Top-1 genie-aided beam is one of the Top-K predicted beams"
-	Top-1/K (%) (Optional): the percentage of "the Top-1 predicted beam is one of the Top-K genie-aided beams"
-	Where K >1 and values can be reported
As shown above, the beam prediction accuracy can be evaluated in terms of RSRP difference or beam index difference. RAN4 needs to discuss whether to test both beam index based or RSRP based metric or only choose one type to test.
Observation 3: Beam prediction accuracy can be evaluated in terms of RSRP difference or beam index difference. 
Proposal 4: For Beam prediction accuracy metric, RAN4 needs to discuss whether to test both beam index based and RSRP based metric or only choose one type to test.
Besides, for both types, Genie-aided beam will be used as benchmark. The definition of Genie-aided beam in TR[1] is as below:
	-	Top-1 genie-aided Tx beam considers the following definitions: 
[bookmark: _Hlk144832322][bookmark: _Hlk144884341]-	Option A (baseline), the Top-1 genie-aided Tx beam is the Tx beam that results in the largest L1-RSRP over all Tx and Rx beams
-	Option B (optional), the Top-1 genie-aided Tx beam is the Tx beam that results in the largest L1-RSRP over all Tx beams with specific Rx beam(s)
	- Specific Rx beam(s) are to be reported. 
Note: specific Rx beams are a subset of all Rx beams. 	
-	Top-1 genie-aided Tx-Rx beam pair considers the following definitions:
-	Option A: The Tx-Rx beam pair that results in the largest L1-RSRP over all Tx and Rx beams
-	Other options not precluded and can be reported



Here, we would like to clarify our understanding that the Genie-aided Top-1/K beam here is not the measured Top-1 beam. 
RAN4 needs to discuss how to design Genie-aided beam, whether UE or Test equipment provide the Genie-aided Top-1/K beam. For legacy L1-RSRP measurement, RX beam sweeping will be performed for different SSB index. UE will report the best TX beam index with the largest RSRP after RX beam sweeping. It’s actually best TX-RX beam pair selection since UE will perform RX beam sweeping. If the Genie Top-1 beam is provided by TE, how can TE know which RX beam UE will apply. 
Observation 4: For both types of test metric, Genie-aided beam will be used as benchmark.
Proposal 5: For Beam prediction accuracy metric, RAN4 needs to discuss how to design Genie-aided beam, whether UE or Test equipment provide the Genie-aided Top-1/K beam.
For RSRP based metric, the RSRP difference definition in RAN1 is as below:
	Average L1-RSRP difference of Top-1 predicted beam:
-	The difference between the ideal L1-RSRP of Top-1 predicted beam and the ideal L1-RSRP of the Top-1 genie-aided beam


It only defined the RSRP delta between two ideal L1-RSRP between predicted best beam and Genie best beam. The RSRP delta is:

RSRP delta = ideal L1-RSRP of predicted beam- ideal L1-RSRP of Genie beam
The metric tries to compare the RSRP difference between two beams. Similar as before, definition of ideal L1-RSRP needs to be clarified first. If ideal-RSRP refers to measured L1-RSRP, extra measurement error will be included. It’s not clear to us how to set threshold for RSRP delta. 
For beam index difference metric, e.g. Top-1/k, the definition is more clear.
Observation 5: For Beam prediction accuracy metric, if measured L1-RSRP is used as ideal L1-RSRP, then the RSRP delta defined in RAN1 will include actual RSRP delta between two beams plus measurement error.
Proposal 6: For Beam prediction accuracy metric, RAN4 to discuss the definition of ideal L1-RSRP specified in RAN1 and how to design testcase. 
5. Conclusion
In this contribution, we provide the following proposals:
Observation 1: Many metrics for different motivation for beam management are defined in RAN1.
Proposal 1: RAN4 to discuss test metric for different motivation for beam management separately.
Proposal 2: RAN4 needs to define test metric for both beam prediction accuracy and RSRP prediction accuracy.
Observation 2: If ideal L1-RSRP refers to measured L1-RSRP, RSRP delta defined in RAN1 is relative RSRP accuracy which is compared with measured RSRP, it can’t reflect the actual RSRP predication accuracy(absolute RSRP accuracy).
Proposal 3: For RSRP prediction accuracy metric, RAN4 to discuss the definition of ideal L1-RSRP specified in RAN1. If ideal L1-RSRP refers to measured L1-RSRP, RAN4 needs to define absolute RSRP accuracy, i.e. between predicted RSRP with Genie RSRP for the same beam.
Proposal 4: For Beam prediction accuracy metric, RAN4 needs to discuss whether to test both beam index based and RSRP based metric or only choose one type to test.
Observation 3: Beam prediction accuracy can be evaluated in terms of RSRP difference or beam index difference. 
Observation 4: For both types of test metric, Genie-aided beam will be used as benchmark.
Proposal 5: For Beam prediction accuracy metric, RAN4 needs to discuss how to design Genie-aided beam, whether UE or Test equipment provide the Genie-aided Top-1/K beam.
Observation 5: For Beam prediction accuracy metric, if measured L1-RSRP is used as ideal L1-RSRP, then the RSRP delta defined in RAN1 will include actual RSRP delta between two beams plus measurement error.
Proposal 6: For Beam prediction accuracy metric, RAN4 to discuss the definition of ideal L1-RSRP specified in RAN1 and how to design testcase. 
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