[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 111	R4-2407846
Fukuoka, Japan, May 20 – May 24, 2024

Source: 	Xiaomi
Title: 	Discussion on testability and interoperability issues for beam management
Agenda Item:	10.11.2
Document for:	Discussion
1 Introduction
In this contribution, we will discuss testability issues for beam management.
	· Test metric for AI based BM
· Channel model for AI based BM
· Definition of ideal L1-RSRP/beam index for test metric
· Test environment


2 Discussion
2.1 Test metric 
	Issue 2-1: Metrics/KPIs for Beam Management requirements/tests
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.




In last meeting WF, it’s suggested to discuss the refinement of RSRP accuracy definition for option 1. Besides, we also see some ambiguity for option 2 and 3. 
2.1.1 Definition refinement for Option 1
For option 1, RSRP prediction accuracy metric is defined in clause 6.3.1 in TR 38.843[1]:
	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.



Therefore, RSRP prediction accuracy focus about the RSRP difference for the same beam. Option 1 is similar as legacy absolute RSRP measurement accuracy definition. 
In legacy L1-RSRP test metric, the absolute RSRP difference is the delta between the measured L1-RSRP and ideal RSRP for the same beam index. During Rel-15 L1-RSRP accuracy performance discussion, the simulation results is also provided by assuming that RSRP difference is corresponding to the same beam index. No best beam selection functionality is tested. Therefore, the test metric in legacy absolute L1-RSRP requirement is:
Absolute L1-RSRP accuracy = measured L1-RSRP of beam index n - ideal absolute L1-RSRP of beam index n
From 38.843, ideal L1-RSRP refers to measured L1-RSRP without error:
	Note: ideal measurements are assumed

· Beams could be measured regardless of their SNR.
· No measurement error.
· Measured in a single-time instance (within a channel-coherence time interval).
· No quantization for the L1-RSRP measurements.
· No constraint on UCI payload overhead for full report of the L1-RSRP measurements of Set B for NW-side models are assumed.


However, in reality, the measurement will anyway include error. The definition of ideal L1-RSRP needs to be discussed. For example, ideal L1-RSRP can be real(genie) L1-RSRP or measured L1-RSRP.
Besides, Relative L1-RSRP accuracy is also defined for differential L1-RSRP reports in legacy. In current RAN1, it agrees that top K beams and corresponding L1-RSRP can be reported. RAN4 needs to discuss whether relative L1-RSRP accuracy is needed or not for option 1.
Proposal 1: For test metric option 1, refine the definition by re-using the wording in 38.843:
· Option 1: Absolute RSRP prediction accuracy is the RSRP difference between the predicted L1-RSRP of Top-1 predicted beam and ideal L1-RSRP of the same beam. 
· FFS definition for ideal L1-RSRP, e.g. real L1-RSRP or measured L1-RSRP.
· FFS to define relative accuracy requirement.
2.1.2 Definition refinement for Option 2
	· Option 2: Beam prediction accuracy
- 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



Here, the definition of genie-aided beam is still not clear, similar as ideal L1-RSRP definition in option 1, it may refer to real best beam or measured best beam. Therefore, we also suggest to further discuss the difini.
Proposal 2: For test metric option 2, add “FFS definition for Top-1/K genie-aided beam, e.g. real best beam or measured best beam”.
2.1.3 Definition refinement for Option 3
For option 3, the current wording is a little ambiguous. it’s not clear what does “maximum RSRP among top-K predicted beams” refers to. 

	· 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, 



There are two interpretations for “maximum RSRP among top-K predicted beams” for option 3:
· Interpretation 1: RSRP difference between ideal RSRP of best predicted beam and ideal RSRP of the strongest beam
· Interpretation 2: RSRP difference between Predicted RSRP of best predicted beam and ideal RSRP of the strongest beam
Different interpretation of RSRP may lead to different test purpose. 
For Interpretation 1, option 3 will only test beam prediction accuracy in terms of RSRP difference. It will not check RSRP prediction performance and it only check whether beam selection is correct. Ideal RSRP for both best predicted beam and real best beam will be used for comparison. If that is the motivation, then the upper bound is not necessary. However, the current wording needs to be further refined. 
For Interpretation 2, option 3 will try to verify both beam prediction and RSRP prediction together. However, it only defines the RSRP difference from real RSRP with lower bound and didn’t consider the upper bound. That’s why we suggest to modify option 3 to consider both upper bound and lower bound in [2].
From our understanding, option 3 is more similar as the test metric for beam prediction defined in 38.843 as below:

	-	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" 



In above definition, ideal L1-RSRP for both best predicted beam and best genie-aided beam is compared. Then the main motivation is just to verify beam prediction accuracy. Therefore, we suggest to refine the wording of option 3 to indicate that the motivation is for beam prediction accuracy and re-use the wording in 38.843 as much as possible. Besides, similar as option 1 and option 2, the definition of ideal RSRP and genie-aided beam needs to be clarified either.
Proposal 3: For test metric option 3, refine the definition by re-using the wording in 38.843:
· Option 3: successful rate for the correct beam prediction which is considered as ideal L1-RSRP among top-1 predicted beams is larger than the ideal L1-RSRP of the Top-1 genie-aided beam – x dB.
· FFS definition for ideal L1-RSRP, e.g. real L1-RSRP or measured L1-RSRP.
· FFS definition for Top-1 genie-aided beam, e.g. real best beam or measured best beam

2.1.4 Test metric relation
In RAN1, it agrees to support to include both predicted beam index and L1-RSRP for L1-RSRP reporting at least for BM-Case 1:
	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



Therefore, both predicted beam index and RSRP can be included in L1 report at least for BM-case 1, similar as legacy. RAN4 needs to discuss how to select test metric between these options.
Observation 1: From RAN1 agreement, both predicted beam index and predicted RSRP can be included in L1 report at least for BM case-1, similar as legacy.

For option 1, RSRP prediction accuracy focus about the RSRP difference for the same beam.
While both option 2 and 3 can be classified into beam prediction accuracy.
In RAN1, the beam prediction accuracy can be defined from two different aspects:
· Type 1: Based on RSRP difference between predicted Top-1 beam and Genie Top-1 beam
· Type 2: Based on beam index difference between predicted Top-1/K beam and Genie Top-1/K beam 
Therefore, Option 2 refers to beam index difference while option 3 refers to RSRP difference between predicted best beam and ideal best beam. 
Observation 2: For option 1, RSRP prediction accuracy focus about the RSRP difference for the same beam.
Observation 3: Both option 2 and 3 can be classified into beam prediction accuracy. Option 2 refers to beam index difference while option 3 refers to RSRP difference between predicted best beam and ideal best beam. 
Next, we will discuss the relationship between these options. 
Some company mention that beam prediction accuracy requirement can be skipped if RSRP prediction accuracy (Option 1) requirement is defined. From our understanding, whether RSRP prediction accuracy can verify both beam prediction and RSRP accuracy or only RSRP accuracy depends on how accurate the RSRP prediction requirement is and the RSRP difference between two ideal best TX beams.
Suppose that the ideal best two TX beam RSRP difference is 2dB. If RSRP prediction for each beam index can be accurate enough, for example, the difference is within 1dB. Then it’s easy for UE to choose the best beam index according to predicted L1-RSRPs. In this case, RSRP prediction accuracy requirement can verify both beam index prediction and RSRP accuracy performance. On the other side, if the RSRP prediction accuracy is not so accurate, e.g. 5dB, then it can’t verify the best beam prediction performance. However, the RSRP difference between two best TX beam may change depends on different scenarios. It can’t guarantee that beam prediction functionality can always been tested. Therefore, we suggest not to skip beam prediction accuracy test. 
Since both option 2 and option 3 are defining beam prediction requirement from two different aspects, RAN4 needs to discuss whether to choose one or both of them to define requirement.
Observation 4: RSRP prediction accuracy requirement can’t replace beam prediction accuracy.
Absolute RSRP prediction is regression and beam prediction is classification. RSRP prediction is more difficult than beam prediction, especially for BM-case 2 where RSRP prediction involves both time-domain and spatial domain prediction, there is only limited performance evaluation in 38.843.
If UE can correctly predict beam, even if RSRP is not so accurate, NW can send extra one dedicated RS for UE to measure the RSRP. If UE can’t predict correct beam, NW needs to configure many RSs for UE to measure different beams and resource overhead can’t be reduced. From our understanding, beam prediction performance is more important. RAN4 shall at least define beam prediction accuracy requirement. It’s FFS whether RSRP prediction accuracy needs to be defined.
Proposal 4: RAN4 needs to at least define beam prediction accuracy requirement and discuss which test metric to be chosen, e.g. based on beam index difference or RSRP difference.
2.2 Channel model 
In last meeting, there is a lot of discussion regarding to channel model for test. In RAN4#110 meeting, it’s agreed that data set for test will be based on synthetic channel model. Therefore, channel model will have impact on data set generation.
	Issue 1-7: Test data handling 
Agreement: 
· For inference test, use synthetic channels as baseline, and check whether it can be used for the individual use case



Since the main target of test is to verify AI model prediction performance. The similarity of training data set and inference data set should be guaranteed. Otherwise, the performance will degrade. 
Observation 5: Test Data set will be based on synthetic channel model. Therefore, channel model assumption for test will have impact on test data set generation.
Observation 6: The similarity of training data set and inference data set should be guaranteed. Channel model assumed for training and inference test needs to be aligned. 
From RAN1 study in 38.843, AI model is trained based on channel model defined in 38.901, e.g. Umi, Uma, Indoor. SLS based channel model generation mechanism is applied. For CDL channel model, the channel generation principle is similar as the channel model generation for SLS except that the AOA, AOD angle is fixed.
CDL model is more like a specific example of SLS channel model. The statistic characteristic is similar, e.g. delay spread, angle spread of multi-path. CDL-A, CDL-B and CDL-C are constructed to represent three different channel profiles for NLOS while CDL-D and CDL-E are constructed for LOS.
If RAN4 decide to use channel model different from RAN1 for test, it means that training data set needs to be re-generated and the AI model structure and parameter needs to be re-trained. Performance needs to be re-evaluated. It will increase the RAN4 workload. Since RAN1 has spent a lot effort on the performance study, we suggest to re-use RAN1 AI channel model assumption. Therefore, the similarity of channel model for training and inference can be guaranteed.
We suggest to using CDL model as baseline for test data set generation.
Proposal 5: RAN4 to apply CDL model as baseline for test data set generation.
2.3 Definition of ideal L1-RSRP/beam index in test metric
In all test metrics, definition of ideal L1-RSRP/beam index needs to be clarified. Predicted best beam index or predicted L1-RSRP will be compared with a reference value. In general, there are two options to define reference for ideal:
· Option 1: Real value, e.g. real best beam index or real L1-RSRP value
· Option 2: Measured value, e.g. measured best beam index or measured best L1-RSRP value
2.3.1 Real value as reference
The key question is whether real(genie) value can be known by TE. We will discuss the issue for three options respectively.
2.3.1.1 Option 1: RSRP accuracy 
For multi-path channel, real L1-RSRP will depend on many factors. if TE can know all the factors, then it’s possible. These factors include:
· channel spatial domain information, e.g. AOA, DOA, ZOA, DOA, power of multi-path, etc.
· channel time domain information, e.g. moving direction, speed, power, delay of multi-path, etc.
· TX beamforming gain
· UE implementation related, e.g. RX beamforming gain, which RS is used, etc.
From our understanding, since TE is generating signal, it can know all the channel model related information and TX side implementation except for UE implementation part. In the above factors, channel spatial/time domain information and TX beamforming gain can be known by TE. The unknown part is about UE implementation: which RX beam is used, RX beamforming gain and which RS is used. 
RX beamforming gain
For RX beamforming gain, the issue can be solved by adding a RX beamforming gain range into ideal L1-RSRP. However, there are some issues.
· For LOS scenario, legacy methodology to decide Gmin (minimum RX beamforming gain) and Gmax (maximum RX beamforming gain) can be used. The receive signal power is single channel response multiplied by single RX beamforming gain. Of course, the drawback is that the ideal L1-RSRP range will be large. It’s FFS whether RX beamforming gain can be reduced under some conditions or information exchange. Or it’s also possible to introduce relative accuracy test.
· For NLOS scenario, it’s more difficult to decide Gmin and Gmax since there are multiple rays. The receive signal power is the sum of several channel response multiplied by RX beamforming gain. It’s FFS how to decide the combined beamforming gain.
Observation 7: For Option 1, for LOS scenario, legacy methodology to decide Gmin and Gmax can be used. However, the beamforming gain range is large. 
Observation 8: For Option 1, for NLOS scenario, it’s more difficult to decide Gmin and Gmax since there are multiple rays. It’s FFS how to decide the combined beamforming gain.
Which RS is used
In legacy, ideal value is assumed to be unknow in fading channel since TE didn’t know which RS UE will apply for measurement. The ideal value will change if different RS is chosen.
In RSRP predication accuracy in AI, we would like to further split the issue for BM case-1 and BM case-2.
BM case-1 mainly focuses on prediction on the signal power variation with different angle direction. Therefore, the issue can be solved by assuming a slow time-varying channel. If channel is varying slowly, L1-RSRP of adjacent RS used for L1-RSRP prediction will be similar. In other words, no matter which RS UE is chosen, the L1-RSRP in time-domain will be similar. Besides, For FR2, the main scenario is not for high speed, therefore, it may be also reasonable to assume slow time-varying channel. At least for BM case-1, slow time-varying channel assumption is fine.
BM case-2 mainly focuses on signal power prediction in future time. BM case-2 is more complicated since there may be both spatial domain and time domain variation due to UE movement. We are open to further discuss whether channel model with low speed is reasonable assumption. Again, we would like to point out that for FR2, the main scenario is not for high speed, company can discuss whether RS selection will have impact on the result under certain speed limitation,.
In summary, it’s possible for TE to know ideal L1-RSRP in test under some conditions for BM case-1. 
Observation 9: For option 1, at least for BM case-1, slow time-varying channel can be assumed when deriving ideal L1-RSRP.
2.3.1.2 Option 2: beam prediction accuracy in terms of beam index difference
For best beam index prediction, the test metric defined in RAN1 is as below:
	-	Beam prediction accuracy (%):
-	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



The predicted best TX beam index will be compared with Top-1 genie TX beam index. For test, we would like to trigger discussion whether real Top-1 TX beam index can be known by TE or not. 
Similar as analysis for RSRP accuracy, TE can know all the channel model related information and TX side implementation except for UE implementation part. The unknown part is RX beamforming gain and which RS is used. If UE is not moving very fast and channel spatial distribution is not changing rapidly, which RS to be used will not have impact on the TX beam index selection. The main issue lies in RX beam assumption.
Impact of RX beam assumption 
As shown in RAN1 agreements below, ideal is Top-1 genie-aided Tx beam which has two options related to RX beam assumption.
	Top-1 genie-aided Tx beam considers the following definitions: 
-	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. 	



NLOS only
In NLOS only environment, there may be many clusters. Different cluster may result in different best AOA and DOA pair. It’s possible that clusters from different AOA have similar power. Take CDL-B channel as example, cluster #6 and cluster 10 has similar power and the power is both strong. However, the AOAs and AOD for two clusters are different. AOAs are 155.1° and -139.1°, AODs are -11.4° and 30.6°. therefore, there may be different AOA, AOD pairs which has similar power. It’s possible to have several best TX beam indexes.
Table 7.7.1-2. CDL-B
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	0
	9.3
	-173.3
	105.8
	78.9

	2
	0.1072
	-2.2
	9.3
	-173.3
	105.8
	78.9

	3
	0.2155
	-4
	9.3
	-173.3
	105.8
	78.9

	4
	0.2095
	-3.2
	-34.1
	125.5
	115.3
	63.3

	5
	0.2870
	-9.8
	-65.4
	-88.0
	119.3
	59.9

	6
	0.2986
	-1.2
	-11.4
	155.1
	103.2
	67.5

	7
	0.3752
	-3.4
	-11.4
	155.1
	103.2
	67.5

	8
	0.5055
	-5.2
	-11.4
	155.1
	103.2
	67.5

	9
	0.3681
	-7.6
	-67.2
	-89.8
	118.2
	82.6

	10
	0.3697
	-3
	52.5
	132.1
	102.0
	66.3

	11
	0.5700
	-8.9
	-72
	-83.6
	100.4
	61.6

	12
	0.5283
	-9
	74.3
	95.3
	98.3
	58.0

	13
	1.1021
	-4.8
	-52.2
	103.7
	103.4
	78.2

	14
	1.2756
	-5.7
	-50.5
	-87.8
	102.5
	82.0

	15
	1.5474
	-7.5
	61.4
	-92.5
	101.4
	62.4

	16
	1.7842
	-1.9
	30.6
	-139.1
	103.0
	78.0

	17
	2.0169
	-7.6
	-72.5
	-90.6
	100.0
	60.9

	18
	2.8294
	-12.2
	-90.6
	58.6
	115.2
	82.9

	19
	3.0219
	-9.8
	-77.6
	-79.0
	100.5
	60.8

	20
	3.6187
	-11.4
	-82.6
	65.8
	119.6
	57.3

	21
	4.1067
	-14.9
	-103.6
	52.7
	118.7
	59.9

	22
	4.2790
	-9.2
	75.6
	88.7
	117.8
	60.1

	23
	4.7834
	-11.3
	-77.6
	-60.4
	115.7
	62.3

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	10
	22
	3
	7
	8


 
Observation 10: Multiple clusters with similar power may have different AOA, AOD. 
For option B, the ideal best TX beam index is chosen by specific RX beam. As shown in Fig.1. If RX beam 1 is assumed, the corresponding ideal best TX beam is TX beam with index 1. This beam pair is related to cluster 1. While if RX beam 2 is assumed, the ideal best TX beam maybe TX beam with index 2. This beam pair is related to cluster 2. If assumed RX beam index change, the ideal best TX beam index may change accordingly. Therefore, for specific RX beam case, the best TX beam index is determined by cluster location and RX beam direction. 
For TE, suppose it can know cluster location, however it didn’t know detail RX beam information as it’s UE implementation. Without the information of RX beam direction, TE can’t know what’s the corresponding ideal Top-1 TX beam.



Fig.1 best TX and RX beam pair in NLOS only case
For option A, the ideal best TX beam index is chosen by considering all RX beam sweepings. The ideal best TX beam index is global optimization in theory. However, in reality, UE can only apply limited RX beam sweepings, e.g. N=8. Then there are many different RX beam angle sets from different UE implementation. Different RX angle set may also correspond to different best TX beam index. Therefore, TE can’t know what’s the ideal best TX beam index either.
In summary, in multi-path case, the best TX beam index may not be unique. TE side can’t know the exact ideal best TX beam index. In this case, some margin needs to be added. Similar as legacy where ideal RSRP is a range by considering RX beamforming gain, here, ideal TX beam index can also be a TX beam index set. For example, the ideal TX beam set can be combination of several TX beam indexes.
Observation 11: For option 2, for NLOS case, there may be several best TX beam indexes with different AOA and AOD.
LOS+NLOS case
In LOS+NLOS or LOS-only scenario, LOS ray will be the strongest. For LOS ray, the best TX beam direction is only determined by the location of transmitter and receiver. The best Tx beam index is not related to which RX beam is chosen. Therefore, if TE knows the UE location, TE can know the ideal best TX beam index.



Fig.2 best TX and RX beam pair in LOS case
Observation 12: For option 2, for LOS case, the best beam index is unique and TE can know it.
2.3.1.3 Option 3: beam prediction accuracy in terms of RSRP difference
In option 3, the real RSRP of predicted best TX beam will be compared with real RSRP of the strongest TX beam index. However, as discussed for option 2, the strongest TX beam index may not be known by TE in some cases. Besides, TE didn’t know RX beamforming gain. It’s more challenging for TE to know the real L1-RSRP for the strongest TX beam. Option 3 will include the uncertainty of option 1 and option 2 together.
Observation 13: For option 3, it’s more challenging for TE to know the ideal L1-RSRP for the strongest TX beam. It will include the uncertainty of option 1 and option 2 together.
In summary, we suggest to discuss whether ideal value can be known for each test metric respectively. It will have impact on the test metric selection. Besides, we also suggest to split the discussion for BM case-1 and BM case-2. 
Proposal 6: RAN4 to discuss whether real best L1-RSRP value or beam index can be known or not:
· discuss for each test metric respectively
· discuss for BM case-1 and BM case-2 respectively
· discuss possible condition if real value can be known
2.3.2 Measured value as reference
If measured value is used as reference, then:
· For Option 1, the reference will be the measured L1-RSRP of Top-1 predicted beam
· For Option 2, the reference will be the measured best TX beam index
· For Option 3, the reference will be measured L1-RSRP from the measured strongest TX beam
When measured value is used as reference, it’s the requirement from another aspect. Actually, it’s not conflicting with ideal value. It can reflect the difference between prediction and measurement. It’s some kind of relative accuracy. 
When measured value is used as reference, there are pros and cons:
· Pros: Reference can always be obtained even in fading channel. Besides, there is no uncertainty since all UE implementation has already been included in measured value. 
· Cons: It’s easy for UE to pass the test since UE can know the measured value and predicted value, it’s FFS how to define test to solve the issue. Besides, it can’t reflect the difference with real value. 

Observation 15: If measured value is used as reference, it’s the requirement from another aspect. It’s some kind of relative accuracy compared with measurement. There are both pros and cons.
Proposal 7: RAN4 to discuss whether measured value can be used as reference for ideal value.
2.4 Test environment
In last meeting, there are several open issues for test environment.
	Issue 2-5: Test environment
· Proposals
· Option 1: Test environment needs to emulate at least X beams for set B. X=8, 16
· Option 2: Test environment must ensure spatial consistency between beams in set A and set B
· Option 3: number of angles of arrivals (or angle of arrival range/spread)
· Option 4: number of AoDs
· Option 5: UE rotation
· Option 6: others
· Recommended WF
· To be discussed


2.4.1 Set A and Set B 
For option 1, the number of TX beams needs to be defined for both set A and set B. UE shall perform measurements for set B and predict best beam index and/or RSRP for set A. the detailed number can be further discussed.
For option 2, the similar spatial consistency between set A and set B needs to be guaranteed, Otherwise, the prediction performance will degrade. In 38.843, performance is evaluated for two types of set A and Set B:
- set B is subset of set A
- set B is different from set A where set B is wider beam
Proposal 8: The number of TX beams needs to be defined for both set A and set B. The similar spatial consistency between set A and set B needs to be guaranteed.
2.4.2 Number of AOAs
For option 3, number of angles of arrival (AOA) will have impact on probe number in chamber. We understand the intention of discussing the issue is that there is probe limitation in chamber.
As some company mentioned, there are two possible test setups for FR2 OTA test.
· Option 1: DFF/simplified DFF/IFF test setup defined in 38.810
· Option 2: 3D Multi-Probe Anechoic Chamber (MPAC) for FR2 defined in 38.827
In current OTA setup, maximum supported probe number is 2 in 38.810 and maximum supported probe number is 6 in 38.827.
Observation 16: Number of AOAs will have impact on probe number in chamber. In current OTA setup, maximum supported probe number is 2 in 38.810 and maximum supported probe number is 6 in 38.827.
As pointed out by TE vendor previously, there are some difficulties about increasing probe number. if far-field distance would apply to multiple direction at the same time, it might lead to unmanageable chamber sizes. Besides, multiple directions might be addressed by the DUT with different antennas, so that RF baseline system assumptions are not valid and FF-QZ-MU configuration needs further investigation.
We suggest to discuss the number of AOA in CDL-D/E(LOS scenario) and CDL-A/B/C(NLOS scenario) respectively.
For LOS case, if the LOS ray power is quite higher than other cluster, it’s possible that channel model can be simplified to single AOA case. Take CDL-D/E as example, the LOS ray power is 13.5dB higher than other clusters. It’s possible to simply channel model to single path. Then single probe is fine. 
Proposal 9: For CDL-D/E channel model, single AOA and single probe can be assumed.
For NLOS case, it’s straightforward to apply multiple probes to generate signal from multiple AOAs. Take CDL A/B/C as example, there are 23 clusters and 20 rays in each cluster, which requires a lot of probes. We suggest that for each cluster, only one ray is modelled. 
There are several possible ways to reduce cluster number:
- Option 1: Simply CDL-A/B/C channel and combine several clusters into one cluster. 
· If AOA offset between clusters is smaller than a threshold, these clusters can be merged. The AOA offset threshold may depend on angle resolution of RX antenna and test setup limitation, which can be further discussed in RAN4. 
· Remove cluster with low power. Power threshold can be further discussed.
- Option 2: New generate limited cluster satisfying channel spatial domain distribution defined in 38.901.
Next, we will discuss option 1. Suppose the AOA offset threshold is set as +-15 degree. Since the current relative angular offset between the directions of 2 active probe is 30° as defined in 38.133. Power threshold is -15dB.
Table A.3.15.3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	30°, 60°, 90° and 120°

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS

	5
	FFS

	6
	30°, 60°, 90°, 120° and 150°

	7
	FFS



Take CDL-A as example, by combing in both angle and power threshold, the cluster number can be reduced from 23 to 7. As shown in the following table, cluster # {1,11}, {2,3,4}, {5,6,7}, {8,15}, {9,17} are within similar AOA angle, which can be combined. Cluster #{10,12,14,18-23} can be removed due to low power.
Table 7.7.1-1. CDL-A
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-13.4
	-178.1
	51.3
	50.2
	125.4

	2
	0.3819
	0
	-4.2
	-152.7
	93.2
	91.3

	3
	0.4025
	-2.2
	-4.2
	-152.7
	93.2
	91.3

	4
	0.5868
	-4
	-4.2
	-152.7
	93.2
	91.3

	5
	0.4610
	-6
	90.2
	76.6
	122
	94

	6
	0.5375
	-8.2
	90.2
	76.6
	122
	94

	7
	0.6708
	-9.9
	90.2
	76.6
	122
	94

	8
	0.5750
	-10.5
	121.5
	-1.8
	150.2
	47.1

	9
	0.7618
	-7.5
	-81.7
	-41.9
	55.2
	56

	10
	1.5375
	-15.9
	158.4
	94.2
	26.4
	30.1

	11
	1.8978
	-6.6
	-83
	51.9
	126.4
	58.8

	12
	2.2242
	-16.7
	134.8
	-115.9
	171.6
	26

	13
	2.1718
	-12.4
	-153
	26.6
	151.4
	49.2

	14
	2.4942
	-15.2
	-172
	76.6
	157.2
	143.1

	15
	2.5119
	-10.8
	-129.9
	-7
	47.2
	117.4

	16
	3.0582
	-11.3
	-136
	-23
	40.4
	122.7

	17
	4.0810
	-12.7
	165.4
	-47.2
	43.3
	123.2

	18
	4.4579
	-16.2
	148.4
	110.4
	161.8
	32.6

	19
	4.5695
	-18.3
	132.7
	144.5
	10.8
	27.2

	20
	4.7966
	-18.9
	-118.6
	155.3
	16.7
	15.2

	21
	5.0066
	-16.6
	-154.1
	102
	171.7
	146

	22
	5.3043
	-19.9
	126.5
	-151.8
	22.7
	150.7

	23
	9.6586
	-29.7
	-56.2
	55.2
	144.9
	156.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	11
	3
	3
	10



Proposal 10: For CDL-A/B/C channel model, multiple AOA and multi-probe can be assumed. RAN4 further discuss how to simply channel model by reducing cluster number. 
3 Conclusion
In this contribution, we provide the following proposals:
Proposal 1: For test metric option 1, refine the definition by re-using the wording in 38.843:
· Option 1: Absolute RSRP prediction accuracy is the RSRP difference between the predicted L1-RSRP of Top-1 predicted beam and ideal L1-RSRP of the same beam. 
· FFS definition for ideal L1-RSRP, e.g. real L1-RSRP or measured L1-RSRP.
· FFS to define relative accuracy requirement.
Proposal 2: For test metric option 2, add “FFS definition for Top-1/K genie-aided beam, e.g. real best beam or measured best beam”.
Proposal 3: For test metric option 3, refine the definition by re-using the wording in 38.843:
· Option 3: successful rate for the correct beam prediction which is considered as ideal L1-RSRP among top-1 predicted beams is larger than the ideal L1-RSRP of the Top-1 genie-aided beam – x dB.
· FFS definition for ideal L1-RSRP, e.g. real L1-RSRP or measured L1-RSRP.
· FFS definition for Top-1 genie-aided beam, e.g. real best beam or measured best beam
Observation 1: From RAN1 agreement, both predicted beam index and predicted RSRP can be included in L1 report at least for BM case-1, similar as legacy.
Observation 2: For option 1, RSRP prediction accuracy focus about the RSRP difference for the same beam.
Observation 3: Both option 2 and 3 can be classified into beam prediction accuracy. Option 2 refers to beam index difference while option 3 refers to RSRP difference between predicted best beam and ideal best beam. 
Observation 4: RSRP prediction accuracy requirement can’t replace beam prediction accuracy.
Proposal 4: RAN4 needs to at least define beam prediction accuracy requirement and discuss which test metric to be chosen, e.g. based on beam index difference or RSRP difference.
Observation 5: Test Data set will be based on synthetic channel model. Therefore, channel model assumption for test will have impact on test data set generation.
Observation 6: The similarity of training data set and inference data set should be guaranteed. Channel model assumed for training and inference test needs to be aligned. 
Proposal 5: RAN4 to apply CDL model as baseline for test data set generation.
Observation 7: For Option 1, for LOS scenario, legacy methodology to decide Gmin and Gmax can be used. However, the beamforming gain range is large. 
Observation 8: For Option 1, for NLOS scenario, it’s more difficult to decide Gmin and Gmax since there are multiple rays. It’s FFS how to decide the combined beamforming gain.
Observation 9: For Option 1, at least for BM case-1, slow time-varying channel can be assumed when deriving ideal L1-RSRP.
Observation 10: Multiple clusters with similar power may have different AOA, AOD. 
Observation 11: For Option 2, for NLOS case, there may be several best TX beam indexes with different AOA and AOD.
Observation 12: For Option 2, for LOS case, the best beam index is unique and TE can know it.
Observation 13: For Option 3, it’s more challenging for TE to know the ideal L1-RSRP for the strongest TX beam. It will include the uncertainty of option 1 and option 2 together.
Proposal 6: RAN4 to discuss whether real best L1-RSRP value or beam index can be known or not:
· discuss for each test metric respectively
· discuss for BM case-1 and BM case-2 respectively
· discuss possible condition if real value can be known
Proposal 7: RAN4 to discuss whether measured value can be used as reference for ideal value.
Proposal 8: The number of TX beams needs to be defined for both set A and set B. The similar spatial consistency between set A and set B needs to be guaranteed.
Proposal 9: For CDL-D/E channel model, single AOA and single probe can be assumed.
Proposal 10: For CDL-A/B/C channel model, multiple AOA and multi-probe can be assumed. RAN4 further discuss how to simply channel model by reducing cluster number. 
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