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1. Introduction
At the RAN4 #103-e meeting, “there was a proposal 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” [1][2].
The topic was discussed again during RAN4 #104-e meeting, the discussions were concluded with an approved WF [2]. Below is shown extracts of that WF treating about the formula used for such EIRP-based test metric for FR2 SEM.
1	Background 
[…]
· The proponent of the modified SEM test metric clarified that the proposed method does not change the FR2 SEM core requirement which is based on TRP, but to alter how SEM TRP can be measured and derived which is based on SEM EIRP at beam peak direction modified (subtracted) by the power difference between maximum peak EIRP (PUMAX) and max TRP (PTMAX) of the wanted signal.
[…]
2 Way forward

· Companies are encouraged to validate the following equivalency between the proposed SEM test metric and SEM TRP as manifested in [1] based on both mathematical derivation and real Lab measurement data:

SEM_TRP = SEM_Peak EIRP – (PUMAX – PTMAX)


The aim of this contribution is mainly to discuss the equivalency between the proposed SEM test metric and SEM TRP.
2. Discussion
As shown in the WF [2], the equation proposed is:
          (1)
Where:
·  is the TRP of the OOB spectrum. 
·  is the EIRP of the OOB spectrum, measured in the same direction as the wanted signal beam-peak direction.
·  is the maximum peak EIRP of the wanted signal, being at the frequency Fcenter.
·  is the maximum TRP of the wanted signal, being at the frequency Fcenter.
The equation can be modified to:
          (2)
Using this form, it may be useful to write what would be the ideal equation with its parameters and moreover to show the two variables (frequency, measurement direction) each parameter. The following equation (3) can be obtained and equation (2) rewritten as (4):
          (3)
          (4)
As highlighted in green in equation (3) and red in equation (4), there are several major differences between the ideal equation and the proposed equation.
Observation 1: The approximation formula suggested has several major differences with the ideal equation based on the same model.
2.1. UE design and FR2 band supported dependency
The proposal of using equation (3) is based on the hypothesis of the antenna radiation pattern being (almost) identical between the center frequency Fcenter of a band and the frequency of the spectrum emission Foob. Is it almost true (at few dBs)? It depends of the UE design (the overall bands supported by the antenna array when measuring a specific band).
In Table 6.5.2.1.4.1-1: Test Configuration Table of the 38.521-2 [3], it is stated that the “Test Frequencies as specified in TS 38.508-1 [10] subclause 4.3.1” is kept to "Mid range", it means that:
· The SEM tested are falling in-band (in the sense of in the frequency band spectrum not channel) in the following FR2 bands: n257, n258, n260 and n263.
· The SEM tested are falling literally out-of-band (in the sense of outside the frequency band spectrum not channel) for:
· n261 (i.e. 27.50 – 28.35 GHz -> Fcenter=27.925GHz, Fcenter+MaxDeltaFoob={27.125GHz;28.725GHz}).
· n262 (i.e. 47.20 – 48.20 GHz -> Fcenter=47.7GHz, Fcenter+MaxDeltaFoob={46.9GHz;48.5GHz}).
Using the formula may work in very different ways depending on the band being tested and which bands are supported/covered by the UE antenna array used as shown in the examples below:
· Example 1: A UE supporting only n261 in FR2 and so with an antenna array designed to be narrowband, then the directivity will be very different between the wanted signal frequency (Fcenter) and the one at OOB frequency (Fcenter + Δfoob, particularly for Δfoob=±800MHz)
· Example 2: A UE supporting n257, n258, n261 with the same antenna array and so designed to be wideband. Then considering n261, the directivity will be maybe similar between the wanted signal frequency (Fcenter) and the one at OOB frequency (Fcenter + Δfoob, particularly for Δfoob=±800MHz)
Observation 2: The current six FR2 bands specified are very different, some bands are narrow-band and other ones are wide-band. Some UE models may have multiband antennas, single-band antennas or both, that can have a big impact on the antenna directivity beam-peak direction over frequency and on the antenna directivity magnitude over frequency.
2.2. Underestimation of SEM by using ΔP instead of ΔSEM
[bookmark: _Hlk118645639]The UE antenna directivity is generally optimized to be maximum at the center of a frequency band (or frequency spectrum targeted by the UE antenna if the UE antenna supports several bands) to be good at both sides of it i.e. for the full bandwidth of the FR2 band while not optimized for the frequency spectrum not targeted by the UE antenna. It can then be said in the case of SEM, that the directivity gets generally smaller at larger offsets Δfoob from the center frequency particularly for ±800MHz. Equivalently, it can be said that ΔSEM is normally smaller than ΔP:
          (5)
Assuming that the ideal equation 3 is used but with ΔP(Fcenter, WantedSignal_beam-peak_direction) instead of ΔSEM(Foob), we obtain the equation 6:
          (6)
That is why there would likely be an underestimation of SEM TRP:
          (7)
Observation 3: UE antenna directivity is generally optimized to be maximum at the center of a frequency band such to be good for the full bandwidth of the targeted FR2 band while not optimized for the frequency spectrum not targeted by the UE antenna.
Observation 4: Using as suggested the wanted signal directivity (ΔP = PTMAX -PUMAX) instead of the actual directivity at the frequency corresponding to the SEM targeted could be one factor leading to significant underestimation of the SEM TRP and possibly non-conformant UE to pass conformance test.
2.3. Underestimation of SEM by using SEM_EIRP instead of SEM_Peak_EIRP
The strategy proposed with equation 1 is to measure the SEM EIRP with the TE measurement antenna aligned to the beam-peak of the wanted signal (same as used for measuring PUMAX). As mentioned previously the UE antenna radiation pattern varies with frequency and so it is likely that the wanted signal beam-peak direction does not correspond to the SEM beam-peak directions (plural as different frequency offsets). There could potentially even the risk for some UEs that their wanted signal beam-peak direction matches with their SEM side lobe directions or even worse SEM null directions. Based on:
          (8)
And assuming that the ideal equation 3 is used but with  instead of , we obtain the equation 9:
          (9)
That is why there would likely be an underestimation of SEM TRP:
          (10)
Observation 5: Using as suggested SEM EIRP in the beam-peak direction of the wanted signal instead the SEM peak EIRP corresponding to the actual beam-peak direction SEM could be one factor leading to significant underestimation of the SEM TRP and possibly non-conformant UE to pass conformance test.
2.4. Combined effects
[bookmark: _Hlk118664128]Based on equations 5 and 8, it can be concluded that for some combinations of UE model, frequency band, frequency offset Δfoob that:
          (11)
Moreover, it must be remembered that the TE would measure three parameters to come up with  as shown in equation 1. That would lead to associated MUs.
          (12)
Observation 6: The proposed formula involves the use of 3 measured parameters to determine the specified SEM TRP parameter but assume some equivalence with wanted signal frequency (antenna directivity, beam-peak direction). In addition to those approximations, each measured parameter is affected by the MUs. The resulting calculated SEM TRP may be well below the actual SEM TRP as measured using the currently agreed method particularly for some combinations of UE model, frequency band, frequency offset Δfoob.
Proposal 1: Due to the formula approximation being very sensitive to the UE and its antenna design, as well as the measured band and measured frequency offset, the text description in TS 38.101-2 clause 6.5.2.1 should not be modified to “The requirement is specified as TRP and is verified in beam locked mode with the test metric of EIRP at the beam peak direction subtracted by the power difference between maximum peak EIRP (PUMAX) and maximum TRP (PTMAX)”.
[bookmark: _Hlk118570239]Proposal 2: A LS to RAN5 could be sent to officialise formally the RAN4 discussion that took place about EIRP-based SEM and let RAN5 investigate if FR2 SEM conformance testing procedure should be modified.


3. Conclusion
Based on the discussion above, we propose the following:
Observation 1: The approximation formula suggested has several major differences with the ideal equation based on the same model.
Observation 2: The current six FR2 bands specified are very different, some bands are narrow-band and other ones are wide-band. Some UE models may have multiband antennas, single-band antennas or both, that can have a big impact on the antenna directivity beam-peak direction over frequency and on the antenna directivity magnitude over frequency.
Observation 3: UE antenna directivity is generally optimized to be maximum at the center of a frequency band such to be good for the full bandwidth of the targeted FR2 band while not optimized for the frequency spectrum not targeted by the UE antenna.
Observation 4: Using as suggested the wanted signal directivity (ΔP = PTMAX -PUMAX) instead of the actual directivity at the frequency corresponding to the SEM targeted could be one factor leading to significant underestimation of the SEM TRP and possibly non-conformant UE to pass conformance test.
Observation 5: Using as suggested SEM EIRP in the beam-peak direction of the wanted signal instead the SEM peak EIRP corresponding to the actual beam-peak direction SEM could be one factor leading to significant underestimation of the SEM TRP and possibly non-conformant UE to pass conformance test.
Observation 6: The proposed formula involves the use of 3 measured parameters to determine the specified SEM TRP parameter but assume some equivalence with wanted signal frequency (antenna directivity, beam-peak direction). In addition to those approximations, each measured parameter is affected by the MUs. The resulting calculated SEM TRP may be well below the actual SEM TRP as measured using the currently agreed method particularly for some combinations of UE model, frequency band, frequency offset Δfoob.
Proposal 1: Due to the formula approximation being very sensitive to the UE and its antenna design, as well as the measured band and measured frequency offset, the text description in TS 38.101-2 clause 6.5.2.1 should not be modified to “The requirement is specified as TRP and is verified in beam locked mode with the test metric of EIRP at the beam peak direction subtracted by the power difference between maximum peak EIRP (PUMAX) and maximum TRP (PTMAX)”.
Proposal 2: A LS to RAN5 could be sent to officialise formally the RAN4 discussion that took place about EIRP-based SEM and let RAN5 investigate if FR2 SEM conformance testing procedure should be modified.
4. References
[1]	R4-2207674 “EIRP-based test metric for FR2 SEM verifications”, Apple, RAN4 #103-e, Electronic meeting
[2] R4-2214410, “WF on EIRP-based test metric for FR2 SEM”, Apple, RAN4 #104-e, Electronic meeting
[3] 38-521-2, “NR; User Equipment (UE) conformance specification; Part 2: Range 2 Standalone”, version 17.0.1
