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1	Introduction 

In RAN4 #103-e meeting, there was a proposal to modify 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]. The discussions were concluded with an approved WF which captured three options on handling of EIRP-based test metric for FR2 SEM without core requirement change [2]. In RAN4 #104-e meeting, despite the proposal was gaining more supports after the proponent of the modified SEM test metric had 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 subtracted by the power difference between maximum peak EIRP (PUMAX) and max TRP (PTMAX) of the wanted signal, there was still remaining concern on the regulatory requirement implication and a few companies would like to have more time to validate the equivalency between the SEM TRP and the proposed SEM test metric. Based on the outcome of the discussions, a WF [3] was approved which proposed to focus on the validation of the new SEM test metric equivalency to SEM TRP, that is,
SEM_TRP = SEM_Peak EIRP – (PUMAX – PTMAX)
in next meeting before agreeing on either of the proposal options below:
· Option 1: Modify the text description in TS 38.101-2 clause 6.5.2.1 from “The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).” 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)”.
· Option 2: The principle that motivates streamlining of compliance with the SEM requirement (see proposal R4-2207674) shall be applied to all requirements: ‘Verification guidelines do not constitute core requirement specification’. Option 2 is proposed as a package with Option 1 or as a package with Option 3.
· Option 3: RAN4 send the recommendation to RAN5 on the above FR2 SEM test metric equivalency and leave the decision to RAN5 on the proposed test metric with the consideration of testability and the impact on MU/TT.

In this contribution, we provide the evidence from both mathematical derivation and Lab measurement data to validate the new SEM test metric equivalency to SEM TRP and propose RAN4 specifications modification on FR2 SEM test metric based on Option 1 above. We also propose to send an LS to RAN5 to share RAN4’s understanding and recommendation on the new SEM test metric equivalency to SEM TRP.       
                           
2 Discussion

The new SEM test metric equivalency to SEM TRP, that is,
SEM_TRP = SEM_Peak EIRP – (PUMAX – PTMAX)
can be validated if the in-band (in-channel) signal to SEM power spectral density (PSD) ratio is maintained in all spatial direction under beamforming (spatially flat), as is conceptually illustrated in Figure 2-1.

[image: ]
 
Figure 2-1 Conceptual illustration of SEM beam-formed in the same direction as in-band signal

When the in-band (in-channel) signal to SEM power spectral density (PSD) ratio is maintained in all spatial directions under beamforming, it is equivalent to that the SEM is beam-formed in the same direction as in-band signal.

Observation 1: When the in-band (in-channel) signal to SEM power spectral density (PSD) ratio is maintained in all spatial directions under beamforming, it is equivalent to that the SEM is beam-formed in the same direction as in-band signal.

As ACLR and SEM are mostly dominated by IM3 and with less weighted higher order close-in IMD products such as IM5, IM7, and etc., the spatially flat property for ACLR/SEM has been mathematically shown in [4] where the beamforming characteristic is summarized in the following table:

	Beamformed in the same direction as with main tone?

	 
	Phase shifting location

	
	Digital
	Before PA
	After PA
	LO

	IM3, IM5, IM7, …
	Yes
	Yes
	Yes
	Yes



Table 2-1 Summary of beamforming analysis for ACLR components

On the other hand, the new SEM test metric equivalency to SEM TRP has also been confirmed in our Lab measurement where one example data set is shown in Table 2-2.

	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 2-2 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 2-2. 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.
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Figure 2-2 Signal level relative to tester receiver noise floor from two different EIRP directions

Based on the above assessments and observations, we can conclude that the new SEM test metric equivalency to SEM TRP is validated from both mathematical derivation and Lab measurement data.   

Observation 2: The new SEM test metric equivalency to SEM TRP is validated from both mathematical derivation and Lab measurement data.

In NR FR2, the UE transmitter characteristics are verified either by the EIRP-based or TRP-based test metric [5,6]. In our understanding, the wording ““verified” in the current specifications has been used to represent how the requirement is tested which may also be interpreted as how it is specified. If the proposed EIRP-based test metric for FR2 SEM can be adopted, in our view, Option 1 provides the clarity that the requirement is defined as TRP which is indirectly verified using EIRP at the beam peak direction only as an intermediate test metric. The final result after subtracting the power difference between the maximum peak EIRP (PUMAX) and maximum TRP (PTMAX) should be equivalent to TRP SEM, as is evidenced in Observation 2 above.         

Proposal 1: Modify the text description in TS 38.101-2 clause 6.5.2.1 from “The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).” 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)”.

On the other hand, the benefits of the EIRP-based SEM test metric on reducing test time and improving measurement accuracy could only be realized if it can be adopted in RAN5 test specifications. Therefore, we also propose to send an LS to RAN5 to share RAN4’s understanding and recommendation on the new SEM test metric equivalency to SEM TRP.

Proposal 2: Send an LS to RAN5 to share RAN4’s understanding and recommendation on the new SEM test metric equivalency to SEM TRP.

3	Conclusion

In this contribution, we provide the evidence from both mathematical derivation and Lab measurement data to validate the new SEM test metric equivalency to SEM TRP and propose RAN4 specifications modification on FR2 SEM test metric based on Option 1 in the approved WF [3] in RAN4 #104-e meeting. We also propose to send an LS to RAN5 to share RAN4’s understanding and recommendation on the new SEM test metric equivalency to SEM TRP.

Observation 1: When the in-band (in-channel) signal to SEM power spectral density (PSD) ratio is maintained in all spatial directions under beamforming, it is equivalent to that the SEM is beam-formed in the same direction as in-band signal.

Observation 2: The new SEM test metric equivalency to SEM TRP is validated from both mathematical derivation and Lab measurement data.

Proposal 1: Modify the text description in TS 38.101-2 clause 6.5.2.1 from “The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).” 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: Send an LS to RAN5 to share RAN4’s understanding and recommendation on the new SEM test metric equivalency to SEM TRP.
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5	Appendix
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1. Overall Description:

RAN4 has discussed the potential applicability of an EIRP-based test metric for FR2 SEM verifications to reduce test time and improve measurement accuracy. The background behind is the following equivalency between the SEM TRP and the said EIRP-based test metric which has been validated by both mathematical derivation and Lab measurements.
SEM_TRP = SEM_Peak EIRP – (PUMAX – PTMAX)
The method is to leverage the already available measurement data in maximum output power for both TRP and peak EIRP such that the SEM TRP can be indirectly verified by only measuring SEM in beam peak direction and subtracting the power difference between maximum peak EIRP (PUMAX) and max TRP (PTMAX) of the wanted signal.

While RAN4 sees the benefits on applying the EIRP-based test metric for FR2 SEM verifications, the decision on the proposed test metric is left to RAN5 with the consideration of testability and the impact on MU/TT.        
           
2. Actions:
To: 3GPP TSG RAN WG5
RAN4 respectfully asks RAN5 to take RAN4’s recommendation on EIRP-based test metric for FR2 SEM verifications into consideration. 

3. Date of Next TSG-RAN WG4 Meetings:
3GPP RAN4 #106							Feb 27th – March 3rd, 2023		        Athens, Greece
3GPP RAN4 #106bis-e					April 17th – 26th, 2023					   Online
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