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1. Introduction
In [1], the new SI for FR2 OTA was agreed:

· Study and define RF testing methodology for FR2 non-handheld UE that can transmit simultaneously with multi-panel 
· Define the measurement setup and test procedure for configured transmitted power requirements for simultaneous transmission to multiple directions
· Selecting proper AoA pairs for verification perspective
· Target CPE/FWA/vehicle/industrial devices.
· Develop the related preliminary uncertainty assessments for the test methodology
· FR2 test methods for multi-Rx chain DL reception defined in TR 38.871 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.


In this contribution, we share our views on how to test the requirements of sTxMP and whether the test system of multi-Rx can be easily reused.
2. Discussion
2.1 Scope for requirement verification
In RAN4#107, the following agreement [2] was achieved and only the Pcmax is targeted to be define as RF requirement in the R18.

<Agreement>: RAN4 work scope
· RAN4 agreed to consider ‘per-panel’ configured transmitted power (clause 6.2X.4) for WI completion
However, in the current spec, not only the Pcmax, but also the MOP (including min peak EIRP and spherical coverage), MPR/A-MPR are defined. From this perspective, all these requirements need to be verified and related test method should be discussed in this WI. 

Observation 1：The MOP, MPR/A-MPR, Pcmax are defined for sTxMP in the current specification.

Proposal 1：In the R19 FR2 OTA SI, the RF testing methodology for MOP, MPR/A-MPR, Pcmax of sTxMP are included.

The proposal above tries to align the understanding across all companies.

2.2 Test system
In R18, the fixed AoA offset is agreed as Test system, as shown in below:
[image: ]
Figure 1 Test system agreed for multi-Rx
For the STxMP, all the requirement is defined based on per TCI, which means the TE should be capable to differentiate the power from different beams which is not needed in the legacy test system, so it is suggested that TE vendor feedback on whether and how TE can differentiate the power of different beam, which is helpful for testing procedure design and MU analysis.

Proposal 2: It is suggested that TE vendors provide feedback on whether and how TE can distinguish the power of different beams.

In the following discussion, we will take the test system above as baseline and assuming that TE is capable to differentiate the power of different beams. Due to the limited time, it is noted that the EM field data in this contribution is based on PC3 handheld UE, but from methodology perspective we think it should be same as other power class.

2.3 Test method for MOP
In the current spec, the MOP requirement is defined as below:For UEs configured for simultaneous transmission to multiple directions, the maximum output power for each of indicated joint/UL TCI states is specified in clause 6.2.1.


In the current multi-Rx test system, actually each AoA can traverse all measurement points but this system is considered incapable of supporting full degree of freedom is because we cannot traverse all possible AoA pair. The main difference between single AoA test and AoA pair test in Rx is the interference power level, and the test system can not get the interference between any AoA pair, this also the reason why UE orientation and the module location will impact on the test results.

Observation 2：The multi-Rx test system is considered incapable of supporting full degree of freedom is because it cannot traverse all possible interference condition for any AoA pairs.

In the MOP verification, we only need to test the power of each beam and the interference between beams does not need to be considered. From this perspective, it may be not necessary to verify all possible AoA pairs on the whole sphere. One issue we noticed is that even though TE can distinguish the power of different beams, it still hard for TE to further identify the mapping between beam and antenna module, and the beam selection algorithm will have significant impact on the test result. Some preliminary simulation results are shown in below.

· Case I: Two antenna modules with asymmetric gains (assuming the maximum gain of module 1 is 3 dB larger than module 2)
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The solid line is the CDF of each antenna module and the dot line is the CDF of each AoA. When the beam selection is based on the maximize the power of module#1, the CDF of AoA and the CDF of module are close, but when the beam selection is based on maximizing the sum of the power of both modules, the peak EIRP of either AoA1 or AoA 2 will quite larger than module#2. The reason here is that the peak beam of module#1 appears in both AoA1 and AoA2 when AoA pair changes.

· Case II: Two antenna modules with symmetric gains

[image: ][image: ]
When same antenna modules are used, the CDF of each module is similar, and in this case, beam selection based on maximizing the sum of the power of both modules can make the CDF of AoA closer to the CDF each module. 

Observation 3: During the test, the mapping between AoA and antenna module will change as the AoA pair changes.

Observation 4: The UE beam selection algorithm will influence the test results significantly, and it is possible to make the CDF of each AoA close to the CDF of each antenna module by using proper beam selection metric.

The following simulation results show the min peak EIRP and spherical coverage for each AoA under different UE orientation, AoA offset and module location. The beam selection is based on maximizing the sum of the power of both modules and the symmetric modules are assumed. 

Table 1 min peak EIRP for each AoA when antenna modules are located in same side
	Unit: dBm
	Orientation 1
	Orientation 2
	Orientation 3

	
	AoA1
	AoA2
	AoA1
	AoA2
	AoA1
	AoA2

	30°
	26.45
	26.35
	26.45
	26.39
	26.47
	26.37

	60°
	26.45
	26.15
	26.45
	26.39
	26.35
	26.47

	90°
	26.45
	26.39
	26.45
	26.39
	26.35
	26.37

	120°
	26.46
	26.37
	26.46
	26.38
	26.46
	26.38

	150°
	26.47
	26.47
	26.45
	26.37
	26.37
	26.47


Table 2 spherical coverage (@50% CDF) for each AoA when antenna modules are located in same side
	Unit: dBm
	Orientation 1
	Orientation 2
	Orientation 3

	
	AoA1
	AoA2
	AoA1
	AoA2
	AoA1
	AoA2

	30°
	20.5
	20.44
	20.39
	20.34
	20.42
	20.43

	60°
	20.45
	20.42
	20.47
	20.42
	20.39
	20.47

	90°
	20.61
	20.58
	20.48
	20.44
	20.34
	20.58

	120°
	20.49
	20.55
	20.45
	20.43
	20.33
	20.57

	150°
	20.54
	20.55
	20.59
	20.55
	20.44
	20.45




Table 3 min peak EIRP for each AoA when antenna modules are located in opposite side
	Unit: dBm
	Orientation 1
	Orientation 2
	Orientation 3

	
	AoA1
	AoA2
	AoA1
	AoA2
	AoA1
	AoA2

	30°
	26.51
	26.51
	26.44
	26.4
	26.44
	26.48

	60°
	26.51
	26.51
	26.48
	26.48
	26.48
	26.48

	90°
	26.51
	26.51
	26.48
	26.48
	26.48
	26.48

	120°
	26.51
	26.51
	26.48
	26.48
	26.48
	26.48

	150°
	26.51
	26.51
	26.48
	26.48
	26.48
	26.48



Table 4 spherical coverage (@50% CDF) for each AoA when antenna modules are located in opposite side
	Unit: dBm
	Orientation 1
	Orientation 2
	Orientation 3

	
	AoA1
	AoA2
	AoA1
	AoA2
	AoA1
	AoA2

	30°
	20.53
	20.41
	20.83
	20.85
	20.83
	20.85

	60°
	20.64
	20.37
	21.18
	21.07
	21.15
	23.2

	90°
	21.21
	20.9
	21.45
	21.34
	21.33
	21.41

	120°
	21.53
	21.3
	21.65
	21.57
	21.67
	21.56

	150°
	21.73
	21.68
	21.79
	21.75
	21.73
	21.76



[bookmark: OLE_LINK1]Unlike the multi-Rx, the results show that the min peak EIRP and spherical coverage are insensitive to UE orientation, AoA offset and antenna module location, which is consistent with our previous analysis.

Observation 5: The min peak EIRP and spherical coverage are insensitive to UE orientation, AoA offset and antenna module location.

Proposal 3: Only one AoA offset is chosen for sTxMP min peak EIRP and spherical coverage verification. 

In our understanding, the beam lock function is still needed for stabilizing the test which should be introduced for sTxMP.

Proposal 4: The beam lock function to lock two beams simultaneously needs to be introduce for sTxMP test.

2.4 Test method for MPR/A-MPR
In the current spec, the MPR/A-MPR requirement is defined as below:For UEs configured for simultaneous transmission to multiple directions, the maximum output power reduction for each of indicated joint/UL TCI states is specified in clause 6.2.2.


Unfortunately, the MPR/A-MPR is somehow similar to multi-Rx, the interference between beams will impact the results since the interference will raise the IBE and impact on the EVM, so the results will also depend on the UE orientation and AoA offset.

Observation 6: Since the inter-beam interference will impact the MPR test results, the MPR will be different when AoA offset and UE orientation changes.

Considering the MPR is defined at beam peak direction, so it only needs to be verified at peak of all AoA pairs, however the peak of AoA1 and the peak of AoA2 may be at exactly same direction since mapping between antenna module and AoA is not fixed as we analysed in previous part. As for the AoA offset, 30° can be chosen as the worst case for the interference between beams.

Proposal 5: The MPR of sTxMP is verified at the peak direction of all tested AoA pairs, and the AoA offset = 30° is chosen as the worst case for MPR verification, FFS on how to choose the proper UE orientation.

2.5 Test method for Pcmax
For Pcmax, the lower bound is related MOP and MPR which are discussed in previous part. The UE need to ensure the output power should not exceed EIRPmax and TRPmax:PUMAX,f,c, the corresponding measured peak EIRP for carrier f of a serving cell c, aggregated over all indicated joint/UL TCI states in a given direction, satisfies over all directions
	PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
	PTMAX,f,c ≤ TRPmax



Based on the description, all AoA pair need to be tested which is impossible for multi-Rx test system. For EIRPmax, similar way as MPR may can be possible way to make the test easier.

Proposal 6: The EIRPmax is verified with AoA offset = 30° at the the peak direction of all tested AoA pairs.

The difficult problem is how to test TRP for each AoA pairs to meet the TRPmax, and in our understanding the multi-Rx test system is hard to finish such test.

Proposal 7: FFS on how to test TRP when 2 beams are activated simultaneously.

However, if the peak EIRP and TRP of single carrier is smaller than (EIRPmax – 3dB) or (TRPmax – 3dB), the corresponding verification can be skipped.

Proposal 8: If the peak EIRP and TRP of single carrier is smaller than EIRPmax – 3dB or TRPmax – 3dB, the corresponding EIRPmax or TRPmax verification can be skipped. 
3. Conclusion
In this contribution, we provide our views on sTxMP test method.
Observation 1：The MOP, MPR/A-MPR, Pcmax are defined for sTxMP in the current specification.

Proposal 1：In the R19 FR2 OTA SI, the RF testing methodology for MOP, MPR/A-MPR, Pcmax of sTxMP are included.

Proposal 2: It is suggested that TE vendors provide feedback on whether and how TE can distinguish the power of different beams.

Observation 2：The multi-Rx test system is considered incapable of supporting full degree of freedom is because it cannot traverse all possible interference condition for any AoA pairs.

Observation 3: During the test, the mapping between AoA and antenna module will change as the AoA pair changes.

Observation 4: The UE beam selection algorithm will influence the test results significantly, and it is possible to make the CDF of each AoA close to the CDF of each antenna module by using proper beam selection metric.

Observation 5: The min peak EIRP and spherical coverage are insensitive to UE orientation, AoA offset and antenna module location.

Proposal 3: Only one AoA offset is chosen for sTxMP min peak EIRP and spherical coverage verification. 

Proposal 4: The beam lock function to lock two beams simultaneously needs to be introduce for sTxMP test.

Observation 6: Since the inter-beam interference will impact the MPR test results, the MPR will be different when AoA offset and UE orientation changes.

Proposal 5: The MPR of sTxMP is verified at the peak direction of all tested AoA pairs, and the AoA offset = 30° is chosen as the worst case for MPR verification, FFS on how to choose the proper UE orientation.

Proposal 6: The EIRPmax is verified with AoA offset = 30° at the the peak direction of all tested AoA pairs

Proposal 7: FFS on how to test TRP when 2 beams are activated simultaneously.

Proposal 8: If the peak EIRP and TRP of single carrier is smaller than EIRPmax – 3dB or TRPmax – 3dB, the corresponding EIRPmax or TRPmax verification can be skipped. 
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