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1	Introduction 

In NR FR2, the UE transmitter characteristics are verified either by the EIRP-based or TRP-based test metric [1,2]. For EIRP-based test metric, the measurement is performed with UE beam-locked at a particular spatial angle, typically at the so-called beam-peak direction where the EIRP is at its maximum power among all spatial angles as it is least affected by the test equipment noise floor considering the high path loss for FR2 under OTA tests. For TRP-based test metric, the measurement is performed with UE beam-locked at a particular spatial direction and measuring EIRP at every spatial angle, and then averaging it over the entire sphere. The TRP-based test metric is infamously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grid points (NTRP_grid) can range from above a hundred to more than one thousand over a sphere [2]. Another downside for TRP-based test metric is that at certain spatial angles, the EIRP could be much lower than that at peak direction. The EIRP measurement at these angles, especially for out-of-band emissions where the power is much lower than the wanted signal, could be inaccurate due to insufficient SNR at tester receiver. Owing to the aforementioned concerns on TRP-based test metric, RAN5 has agreed to change the ACLR test metric from TRP-based to EIRP-based [3] since both test metrics theoretically should provide the same ACLR measurement result as ACLR is expected to be spatially flat (independent of spatial angle) which has been mathematically shown in [4] and verified by real measurement data [5]. Considering that the emission nature within the Spectrum Emission Mask (SEM) range is quite similar to ACLR, in this contribution, we propose to change the FR2 SEM test metric from TRP-based to EIRP-based to reduce the test time and improve the measurement accuracy by measuring SEM only at beam-peak direction.                    
2 Discussion

In NR FR2, the UE transmitter characteristics are verified either by the EIRP-based or TRP-based test metric [1,2], as summarized in Table 2-1.

	Test Metric
	Requirements

	EIRP-based
	Minimum peak EIRP

	
	Spherical coverage EIRP

	
	Maximum EIRP

	
	Minimum output power

	
	Transmit OFF power

	
	Transmit ON/OFF time mask

	
	Power control

	
	Transmit signal quality

	
	Adjacent Channel Leakage Ratio (ACLR)

	
	Occupied bandwidth

	TRP-based
	Maximum TRP

	
	Spectrum Emission Mask (SEM)

	
	Spurious emissions



Table 2-1 Test metric for FR2 UE transmitter characteristics verifications
The TRP-based test metric is infamously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grid points (NTRP_grid) can range from above a hundred to more than one thousand over a sphere [2]. Another downside for TRP-based test metric is that at certain spatial angles, the EIRP could be much lower than that at peak direction. The EIRP measurement at these angles, especially for out-of-band emissions where the power is much lower than the wanted signal, could be inaccurate due to insufficient SNR at tester receiver. Owing to the aforementioned concerns on TRP-based test metric, RAN5 has agreed to change the ACLR test metric from TRP-based to EIRP-based [3] since both test metrics theoretically should provide the same ACLR measurement result as ACLR is expected to be spatially flat (independent of spatial angle) which has been mathematically shown in [4] and verified by real measurement data [5].     

Observation 1: The TRP-based test metric is infamously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grid points (NTRP_grid) can range from above a hundred to more than one thousand over a sphere.

Observation 2: RAN5 has agreed to change the ACLR test metric from TRP-based to EIRP-based.

Compared to the original TRP-based ACLR measurement, the TRP-based test metric for SEM measurement is even more time consuming due to that the SEM measurement bandwidth is only 1MHz and the ΔfOOB (offset range) is 2 times of the channel bandwidth at either side of the channel as shown in the requirement table below which is recaptured from TS 38.101-2 [1] Table 6.5.2.1-1.

	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	Measurement bandwidth

	 0-5
	-5 
	-5
	-5
	-5
	1 MHz 

	 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	 20-40
	-13
	-13
	-13
	-5
	1 MHz

	 40-100
	-13
	-13
	-13
	-13
	1 MHz

	 100-200
	
	-13
	-13 
	-13 
	1 MHz

	 200-400
	
	
	-13 
	-13 
	1 MHz

	 400-800
	
	
	
	-13 
	1 MHz

	NOTE 1:	Void


  
Table 2-2 General NR spectrum emission mask for frequency range 2

For 400MHz channel BW, if every 1MHz TRP within the ΔfOOB range would need to be captured, then a total of (1600 x NTRP_grid) EIRP measurements would be needed which could be overwhelmingly time consuming. 

As the emission nature within the SEM range is quite similar to ACLR which is spatially flat, it should also be feasible to perform SEM measurement using the EIRP-based test metric to not only reduce the test time but also improve the measurement accuracy by measuring SEM only at beam-peak direction as it provides the best SNR at the tester receiver which can be conceptually illustrated in Figure 2-1.

However, since the FR2 SEM requirement has been defined as TRP with absolute power level per MHz, the SEM measured at beam-peak direction cannot be used directly to verify against SEM specifications as the signal power at the beam-peak direction would be magnified by a peak directivity over TRP where the peak directivity can vary with different UE implementations. Nevertheless, owing to the spatially flat nature of ACLR and SEM, the power difference between the TRP SEM and EIRP beam-peak SEM can essentially be derived from the power difference between maximum TRP and maximum peak EIRP of the wanted signal which has been evidenced from our measurement data from an FR2 UE as shown in Table 2-3.

Observation 3: The SEM measured at beam-peak direction cannot be used directly to verify against SEM specifications as the signal power at the beam-peak direction would be magnified by a peak directivity over TRP where the peak directivity can vary with different UE implementations.

Observation 4: Owing to the spatially flat nature of ACLR and SEM, the power difference between the TRP SEM and EIRP beam-peak SEM can essentially be derived from the power difference between maximum TRP and maximum peak EIRP of the wanted signal.
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Figure 2-1 Signal level relative to tester receiver noise floor from two different EIRP directions

	Frequency Offset (MHz)
	Left
	100MHz Signal
	Right

	
	100 - 200
	40 - 100
	20 - 40
	10 - 20
	5 - 10
	0 - 5
	
	0 - 5
	5 - 10
	10 - 20
	20 - 40
	40 - 100
	100 - 200

	SEM Limit (dBm)
	-13
	-13
	-13
	-13
	-5
	-5
	N/A
	-5
	-5
	-13
	-13
	-13
	-13

	TRP-based (dBm)
	-43.1
	-42.7
	-42.0
	-40.3
	-39.5
	-37.9
	17.0
	-39.4
	-41.0
	-41.6
	-42.0
	-42.9
	-42.8

	EIRP-based (dBm)
	-35.3
	-33.1
	-33.3
	-28.0
	-27.4
	-25.3
	29.8
	-28.4
	-29.7
	-30.0
	-33.8
	-34.1
	-34.8

	D btw EIRP and TRP (dB)
	7.8
	9.6
	8.7
	12.3
	12.1
	12.6
	12.8
	11.0
	11.3
	11.6
	8.2
	8.8
	8.0



Table 2-3 Comparison of TRP-based and EIRP-based measurement data for an FR2 UE

From the above measurement data, it can be seen that the power difference between the TRP SEM and EIRP beam-peak SEM is quite similar to the power difference between maximum TRP and maximum peak EIRP of the wanted signal up to 20MHz offset from the channel edge. Above 20MHz offset, the SEM power difference starts decreasing which is attributed to that the SEM power at certain TRP grids (spatial angles) is already lower than the test equipment receiver noise floor as illustrated in Figure 2-1. As a result, the measured TRP power would be higher than the real TRP power which would cause the power difference from EIRP to decrease. This also exemplifies the potential measurement accuracy issue associated with TRP-based test metric for SEM.      

Based on the above assessments and observations, we propose to revise the FR2 SEM test metric from TRP-based to EIRP-based to reduce the test time and improve the measurement accuracy. More specifically, FR2 SEM is verified with the test metric of EIRP at the beam-peak direction modified by the power difference between peak EIRP and TRP. Notice that the verification of FR2 UE maximum output power would require the measurement of maximum peak EIRP (PUMAX) and maximum TRP (PTMAX). Therefore, the power difference between TRP and EIRP at beam-peak direction is already available without needing additional test procedure. The SEM performance can then be obtained by EIRP measurement at beam-peak direction and subtracting the SEM power by the power difference between TRP and EIRP at beam-peak direction. The result would be the same as the TRP-based SEM performance.

Proposal: FR2 SEM is verified with the test metric of EIRP at the beam-peak direction modified by the power difference between peak EIRP and TRP.   

Figure 2-2 presents the test procedure on the proposed EIRP-based test metric for FR2 SEM verifications.


Start

From 3GPP 38-521-2 section 6.2.1, 
calculate the power difference (ΔP) between peak EIRP and TRP






Measure SEM EIRP at each measurement bandwidth step in beam-peak direction (EIRPstep)



Calculate SEM TRP at each measurement bandwidth step as TRPstep
TRPstep = EIRPstep - ΔP





Verify emission (TRPstep) against TS 38.521-2 Table 6.5.2.1.5-1 SEM specifications



End




3	Conclusion

In this contribution, we propose to change the FR2 SEM test metric from TRP-based to EIRP-based to reduce the test time and improve the measurement accuracy by measuring SEM only at beam-peak direction.

Observation 1: The TRP-based test metric is infamously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grid points (NTRP_grid) can range from above a hundred to more than one thousand over a sphere.

Observation 2: RAN5 has agreed to change the ACLR test metric from TRP-based to EIRP-based.

Observation 3: The SEM measured at beam-peak direction cannot be used directly to verify against SEM specifications as the signal power at the beam-peak direction would be magnified by a peak directivity over TRP where the peak directivity can vary with different UE implementations.

Observation 4: Owing to the spatially flat nature of ACLR and SEM, the power difference between the TRP SEM and EIRP beam-peak SEM can essentially be derived from the power difference between maximum TRP and maximum peak EIRP of the wanted signal.

Proposal: FR2 SEM is verified with the test metric of EIRP at the beam-peak direction modified by the power difference between peak EIRP and TRP.
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