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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. Due to the time-intensive nature of this test, Apple introduced ideas initially at RAN5#95e on possible approaches to optimize the test execution time as it would serve device certification efforts. There have been discussions on using EIRP as a metric for the FR2 SEM test [3] [4] within the FR2 SEM test was introduced. This paper presents further information to explore way forward 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 Past RAN5 discussions on 5G NR FR2 SEM test : Test Time Saving Options
Observation 1: 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].
We presented some options for possible optimization using EIRP as a metric that are summarized below. However, there was no agreement on the same considering the regulatory impact and questions surrounding MU computation, especially when only EIRP is used as a metric in either option. In summary below were some test time savings identified (32% - 90% saving) although no agreement could be reached on any of the options.

Observation 2: As assessment of MU impact and test time savings with early exit criteria was proposed [4] [5] as summarized below.
Early Exit Criteria 1 (90% test time savings): 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 Criteria 2 (32% test time savings): 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.


	Option used
	MU Impact
	Test Time savings compared to current procedure

	Option 1 using EIRP only (early exit criteria 1)
	Replace with TRP with EIRP MU  
	90%

	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)
	32%

	Option 2
	Existing test procedure; No Impact
	0%




2.3    Using Coarse Grid Approach for FR2 SEM tests: RAN4 views
It should be noted that RAN4 has been discussing this subject in parallel, triggered first at RAN4#103e by [9] and continuing with [8] at RAN4#104e and subsequently with discussions on [6] and [7]. At RAN4#105 where the LS to RAN5 [1] has been communicated which did not preclude EIRP based FR2 SEM measurements as stated below:
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But ultimately left the decision to RAN5 on determining a way forward
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Based on study and data collected on reference devices, the FR2 SEM test with coarse grid method provided very comparable results with some acceptable delta between testing with coarse grid and fine grid (current baseline test). The test time saving was recorded to be around 70% which is significant for the certification ecosystem. Other contributors are encouraged to carry out such assessment and share their views to increase the confidence on this approach.

Observation 3: Based on study and lab data on reference devices, the coarse grid approach seems a viable alternative with quantified test time savings of 70%.

However, MU analysis is critical to be performed to assess the feasibility of coarse grid and to determine whether there is an offset from test limits/requirements needed for the coarse TRP measurements.

Observation 4: Similar to the approach in FR2 General Spurious Emissions tests, the coarse grid approach is obviously an optional approach (or early exit) with UEs given the option to run the baseline (fine grid) TRP measurements if the option coarse grid based requirements (stricter due to offsets) cannot be met.
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Proposal 1 - Respond to RAN4 LS indicating the following:

- RAN5 sees benefit in improving the test time of the FR2 SEM test 
- RAN5 can consider and evaluate the coarse grid-based measurements as an alternative/early exit approach for the FR2 SEM test. Additional MU analysis is needed and pending.
- RAN5 will keep the existing fine grid as a default grid for FR2 SEM TRP test which is to be used if coarse grid is not chosen or results in a failure.

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

Observation 1: 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 2: As assessment of MU impact and test time savings with early exit criteria was proposed [4] [5] as summarized below.

Observation 3: Based on study and lab data on reference devices coarse grid approach seems a viable alternative.

Proposal 1 - Respond to RAN4 LS indicating the following:

- RAN5 sees benefit in improving the test time of the FR2 SEM test 
- RAN5 can consider and evaluate the coarse grid-based measurements as an alternative/early exit approach for the FR2 SEM test. Additional MU analysis is needed and pending.
- RAN5 will keep the existing fine grid as a default grid for FR2 SEM TRP test which is to be used if coarse grid is not chosen or results in a failure.
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RANA respecttully asks RANS if improving test time is essential, and if so, whether a metric change is needed
or the coarse TRP method can be utiized
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7. Measure the spurious emissions as per steps outlined below with an exception to the procedure in Annex K if the
re-positioning concept is applied (NOTE 4). Step (a) is optional|and applicable only if SNR (test requirement
level in Table 6.5.3.1.5-1 minus offset value minus noise floor of the test system) > 0 dB is guaranteed.

(a) Perform coarse TRP measurements to identify spurious emission frequencies and corresponding power level
according to the procedures in Annex K, using coarse TRP measurement grid selection criteria as per Table
M4.5-3 in Annex M. The measurement is completed in both polarizations #and ¢ over frequency range and
‘measurement bandwidth according to Table 6.5.3.1.5-1. Optionally, a larger and non-constant measurement

‘bandwidth than that of Table 5-1 may be applied. The measurement period shall capture the active

The offset value shall be the TRP measurement uncertainty at 95% confidence level including the effect of
coarse grid measurement uncertainty clement, excluding the influence of noise. Different coarse TRP grids
and corresponding offset values may be used for different frequencies. The coarse TRP grid and offset values
used shall be recorded in the fest report.

Table 6.5.3.1.4.2-1: Typical offset values for coarse TRP measurement step 7(a)

Grid Frequency Range Offset Value
Constant Density 6 GHz << 12.75 GHz 5.13
12.75 GHz ST< 23.45GHz 509
23.45 GHz < < 408GHz 538
40.8 GHz =< 66GHZ 7.31
66 GHz << 80GHz 7.61
Constant-Step Size 6 GHz <f< 12.75 GHz 5.26
12.75 GHz ST< 23.45GHz 523
23.45 GHz < < 408GHz 552
40.8 GHz =< 66GHZ 743
66 GHz < f < 80GHz 7.73
NOTE 1: These offset values are the upper limit values when fine TRP measurement
uncertainty of the test system s same as maximum test system uncertainty in Annex
F and when using the coarse measurement grid with minimurm number of points as
specified in Table M.4.5-3.
NOTE 2: Itis allowed to use the offset values derived based on test system’s actual
measurement uncertainty budget and denser measurement grid as specified in Table
M45-3.
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While RANA sees the benefit of an improved test time by applying the EIRP-based test metric or coarse TRP
for FR2 SEM verfications, the decision on the proposed test metic is left to RANS with the consideration of
testabilty and the impact on MU/TT.




