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1	Introduction 
The 5G NR FR2 Output RF spectrum emission tests in TS 38.521-2 [1] have been defined with TRP as test metric. This approach was originally adopted with the objective of measuring the EIRP at every spatial angle and at each TRP grid point to obtain the emission behavior over the entire range. However, a change was made to the ACLR test via [2] when the test metric was switched to EIRP based on ACLR measurement results. In this paper, a similar analysis is performed for the FR2 SEM test.

2	Discussion 
2.1     Background of EIRP metric-based measurements in test specifications.
As indicated, the TRP test metric has generally defined in RAN4 core specifications for all the output RF spectrum tests. Based on the defined test procedures across transmitter tests, below is list of the tests using either (TRP or EIRP) metric:  





	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
	

	Occupied bandwidth
	

	Adjacent Channel Leakage Ratio (ACLR)
	

	TRP-based
	Maximum TRP

	Maximum TRP
	

	Spectrum Emission Mask (SEM)
	

	Spurious emissions
	



2.2    ACLR test metric change in RAN5 from TRP to EIRP

Observation 1: The test metric change for ACLR was modified in [2] based on measurement results shared.

The measurement data in [1] indicated that the peak EIRP ACLR is potentially more liberal or closer to the limit by around 1-2 dB but in the context that the pass margin was significant with the reference device indicated in that discussion, it was concluded that Peak EIRP can be used as a test metric for FR2 ACLR.


2.3    Spurious Emissions Test – early exit criteria using EIRP 
It should be noted that the regulatory measurements [3] also allow for a special exit criterion using EIRP test measurements to save test time as explicitly stated in the snippet below from the above referenced regulatory test document.

4.4.3	Measurement Procedures for Emissions in Spurious Domain 
4.4.3.1 General 
The measurement procedure for emissions in spurious domain consists of a three-step approach. The first step is initial exploratory scan with the purpose of optimizing test time by identifying a set of frequencies that need further EIRP/TRP measurements. The second step is to perform EIRP measurements based on first step results and determine which frequencies meet early exit conditions (based on EIRP measurements) and which frequencies need TRP measurements. 


Observation 2: Spurious Emission regulatory tests allow for early exit using EIRP measurements to provide significant test time savings

This indicates that apart from Maximum TRP measurement test, where the specific objective is to measure conformance to Max TRP requirements, only the Spectrum Emission Test (SEM) has TRP as a test measurement metric. 

2.3    Analysis for 5G NR FR2 SEM test 
Observation 3: The TRP-based test metric is notoriously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grip points (NTRP_grid) can range from a hundred to more than one thousand over a sphere [1].
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 TE receiver. The TRP-based test metric for SEM measurement on the other hand is even more time consuming when compared TRP-based ACLR 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 below,
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Observation 4: With SEM (Beam peak) if the EIRP is stronger than -25dB, the difference between the SEM (TRP) and SEM (EIRP) is similar with the difference between Peak EIRP and TRP.
This can be seen from the test measurements indicated below on a reference device.
	 
	-100 ~-200MHz
	-40~-100MHz
	-20~-40MHz
	-10~-20MHz
	-5~-10MHz
	0~-5MHz
	Mid
	0~5MHz
	5~10MHz
	10~20MHz
	20~40MHz
	40~100MHz
	100~200MHz

	3GPP Limit (dBm)
	-13
	-13
	-13
	-13
	-5
	-5
	 
	-5
	-5
	-13
	-13
	-13
	-13

	SEM_TRP based (dBm)
	-43.1
	-42.7
	-42
	-40.3
	-39.5
	-37.9
	17
	-39.4
	-41
	-41.6
	-42
	-42.9
	-42.8

	SEM_EIRP based (dBm)
	-35.3
	-33.1
	-33.3
	-28
	-27.4
	-25.3
	29.8
	-28.4
	-29.7
	-30
	-33.8
	-34.1
	-34.8

	Delta between SEM_TRP and SEM_EIRP
	7.8
	9.6
	8.7
	12.3
	12.1
	12.6
	12.8
	11
	11.3
	11.6
	8.2
	8.8
	8



The power difference between the TRP SEM and EIRP beam-peak SEM can be derived from the power difference between maximum TRP and maximum peak EIRP of the wanted signal owing to the spatially flat nature of ACLR and SEM. As maximum TRP and maximum peak EIRP are the two key transmitter requirements which always need to be verified, the power difference between TRP and EIRP at beam-peak direction is already available without needing additional test procedure.

Proposal 1: The SEM performance can 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.  

The below changes to test specifications will help address the proposed change starting with the minimum conformance requirements to clarify the test metric as EIRP.
  
[bookmark: _Hlk84513757]6.5.2.1.3	Minimum conformance requirements
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the  edge of the assigned NR channel bandwidth. For frequencies offset greater than FOOB as specified in Table 6.5.2.1.3-1 the spurious requirements in clause 6.5.3 are applicable.
The power of any UE emission shall not exceed the levels specified in Table 6.5.2.1.3-1 for the specified channel bandwidth. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid). of EIRP at the beam peak direction modified by the power difference between peak EIRP and TRP.

The test procedure section is proposed to be changed as below
5.	Measure the TRP EIRP of the transmitted signal at the Tx Beam Peak direction with a measurement filter of bandwidths according to Table 6.5.2.1.5-1. The centre frequency of the filter shall be stepped in continuous steps according to the same table. TRP EIRP shall be recorded for each step as EIRPstep. The measurement period shall capture the active time slots. Total radiated power is measured according to TRP measurement procedure  defined in Annex K. The measurement grid used for TRP measurement defined in Annex M. TRP EIRP is calculated considering both polarizations, theta and phi.
6.	Total Radidated Power at each step (TRPstep) will be calculated as EIRPstep- ΔP.
where ΔP = Peak EIRP(dBm) - TRP(dBm) ; is the antenna directivity which can be calculated from the measurements conducted as part of 3GPP 38.521-2 section 6.2.1 

It should be noted that ΔP is the antenna array directivity which in principle should be independent of waveform and modulation. The peak EIRP and TRP need to be measured under the same test condition for ΔP calculation (which is met by the test in clause 6.2.1) as under different RB allocation and modulation, UE may apply different MPR/A-MPR.

Observation 5: A reference test point from TS 38.521-2 clause 6.2.1 can be picked to compute the delta factor between peak EIRP and TRP. 


3	Summary
Below are the observations and propoals in this discussion paper


Observation 1: The test metric change for ACLR was modified in [2] based on measurement results

Observation 2: Spurious Emission regulatory tests allow for early exit using EIRP measurements to provide significant test time savings

Observation 3: The TRP-based test metric is notoriously known for its lengthy test time as EIRP has to be measured at each TRP grid where the number of grip points (NTRP_grid) can range from a hundred to more than one thousand over a sphere [1].
Observation 4: With SEM (Beam peak) if the EIRP is stronger than -25dB, the difference between the SEM (TRP) and SEM (EIRP) is similar with the difference between Peak EIRP and TRP.
Observation 5: A reference test point from TS 38.521-2 clause 6.2.1 can be picked to compute the delta factor between peak EIRP and TRP. 
Proposal 1: The SEM performance can 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
4	References

TS 38.521-2, FR2 RF Test Specification
R5-202842, Discussion on AP 85.25 ACLR metric change, Qualcomm, RAN5
842590 D01 Upper Microwave Flexible Use Service v01r02 



14


Apple Inc.


image1.png
Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.

Spectrum emission limit (dBm) / Channel bandwidth
Afoos 50 100 200 400 Measurement
(MHz) MHz MHz MHz MHz 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





