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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. At RAN5#95e, the discussion to utilize EIRP as a metric within the FR2 SEM test was introduced. This paper presents further information to explore options aligned with this approach for the FR2 SEM test with the goal of significant test time savings in this conformance 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] 

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. It was brought up in discussions at RAN5#95e that this change was mainly due to testability issues.


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 : Test Time Saving Options
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 DUT.
Table 1
	 
	-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 possible to measure from existing test procedure in clause 6.2.
Further to the data presented in Table 1, we reviewed the Tx Beam Peak Search data and TRP  data at low, mid, high frequencies on a DUT. Then, we selected the mid channel beam peak and performed EIRP sweep. It was seen that the antenna pattern flatness over the SEM covered frequencies was within expected limits.

Observation 5: Antenna pattern flatness over SEM covered frequencies is within expected limits in due to which EIRP measurements.


The below way forward was agreed at RAN5#95e 
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Based on the feedback received at RAN5#95e and the way forward, we would like to propose a phased approach involving early exit criteria that would enable the goal of achieving the intended test time savings within this test case without causing any disruption to the current approach.

Proposal 1a: Execute the SEM test with EIRP as metric (at the beam peak position only) instead of TRP based methodology, as primary early exit criteria (early exit 1). 

If test passes, use this as early exit criteria or else perform further measurements
Table 2: Average test time across Conf TEs based on SEM test metric – early exit 1
	
	TRP based SEM test execution
	EIRP based SEM test execution (early exit 1)

	Average test time across conf TE on one FR2 band
	~22 min
	~3 min




Observation 6: As seen in Table 2, with the above early exit criteria we find close to 90% test time savings as in following representative test time data (average across current conformance test platforms).
Observation 7: The MU/TT for the test following early exit criteria 1 can be adjusted by using EIRP measurement related MU.

If device fails the requirement using method in Proposal 1a, it would be unfair to declare a FAIL verdict since the impact of antenna gain has not been factored in. A failure merely indicates the accurate performance must be determined factoring the same in. This is performed in the follow-up test procedure as per [4]

Proposal 1b: The SEM performance can be obtained by EIRP measurement at beam-peak direction and subtracting the antenna directivity from the EIRP measurements to derive equivalent TRP measurement. The result would be the same as the TRP-based SEM performance.  The directivity is computed within the FR2 SEM test to make the test self-contained. (early exit criteria 2)

To address concern raised at RAN5#95e regarding the cross-referencing of TC ID from Clause 6.2 within the SEM test, we propose to re-run a test point from clause 6.2 with this procedure within the FR2 SEM test to compute the directivity factor. This will make the test procedure self-contained. We see that even with this re-run there is test saving of close to ~32% as shown in Table 2.

[bookmark: _Hlk84513757]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.

Table 2: Average test time across Conf TEs based on SEM test metric - early exit 2.
	
	TRP based SEM test execution
	EIRP based SEM test execution
	Include test step to compute directivity factor

	Average test time across conf TE on one FR2 band
	~22 min
	~3 min
	~12 min



Proposal 1c: Retain existing FR2 SEM test as the default option for stakeholders who wish to use this as default test procedure 


The test procedure section is proposed to be changed as below
6.5.2.1.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.5.2.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 2) for the UE Tx beam selection to complete.
3.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 ms for the UE to reach maximum output power. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 2) for the UE Tx beam selection to complete.
4.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.2 using condition Tx only.
5.	Perform the test measurement using either of the two options
a)	Option 1:
i. Measure the 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.  EIRPshall be recorded for each step as EIRPstep. The measurement period shall capture the active time slots.   EIRPis calculated considering both polarizations, theta and phi. 
ii. If the measurement meets the test requirements defined in Table 6.5.2.1.5-1, early exit criteria 1 is met. Declare PASS verdict and skip to end of the test.
iii. If the measurement in 5a does not meet the test requirements, then execute a TC ID from Table 6.2.1.1.4.1-1 as per the procedure defined in  sub-clause 6.2.1.1.4.1. The antenna directivity is then computed as .
ΔP = Peak EIRP(dBm) - TRP(dBm)
iv. Adjust the measurements in i) by subtracting ΔP from measured EIRP and then comparing to test requirements. If the test requirements are met early exit criteria 2 is considered met and go to step 6, otherwise proceed to 5 b).  

b)	Option 2:
Measure the TRP of the transmitted signal 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 shall be recorded for each step. 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 is calculated considering both polarizations, theta and phi.
6.	End the test
NOTE 1: When switching to DFT-s-OFDM waveform, as specified in Table 6.5.2.1.4.1-1, send an NR RRCReconfiguration message according to TS 38.508-1 [10] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
NOTE 2:	The BEAM_SELECT_WAIT_TIME default value is defined in Annex K.1.1.
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.

The MU impact is summarized as below:

	Option used
	MU Impact

	Option 1 using EIRP only (early exit criteria 1)
	Replace with TRP with EIRP MU  

	Option 1 using EIRP and adjusting for directivity to get TRP equivalent (early exit criteria 2)
	Independent measurements of EIRP/TRP (No impact) and then directivity computation for EIRP based SEM performance (MU Analysis TBD)

	Option 2
	Existing test procedure; No Impact




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: Antenna pattern flatness over SEM covered frequencies is within expected limits in due to which EIRP measurements.

Proposal 1a: Execute the SEM test with EIRP as metric (at the beam peak position only) instead of TRP based methodology, as primary early exit criteria (early exit 1). 

Proposal 1b: The SEM performance can be obtained by EIRP measurement at beam-peak direction and subtracting the antenna directivity from the EIRP measurements to derive equivalent TRP measurement. The result would be the same as the TRP-based SEM performance.  The directivity is computed within th FR2 SEM test to make the test self-contained. (early exit criteria 2)

Observation 6: As seen in Table 2, with the above early exit criteria we find close to 90% test time savings as in following representative test time data (average across current conformance test platforms).
Observation 7: The MU/TT for the test following early exit criteria 1 can be adjusted by using EIRP measurement related MU.

Proposal 1c: Retain existing FR2 SEM test as the default option for stakeholders who wish to use this as default test procedure 
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Proposal 1: Way Forward

RANS to continue to explore possibility of using EIRP metric for FR2 SEM measurements with further analysis around
- MU impact of the proposed test procedure updates

- The need to define the test procedure updates so that the test case is independent and self-contained
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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





