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Introduction
As the NR Work Item [1] approaches the Stage 3 completion target (RAN #80 in June of 2018), the discussion on finalizing the peak EIRP requirement for FR2 UEs has not made progress since RAN4 #85. This contribution examines the relevant background information and provides a proposal to finalize the peak EIRP requirement for FR2 UEs.
Discussion (for information)
Background
The agreements reached during the RAN4 #85 meeting [2] clarified the waveform used for the power class definition as well as the range of peak EIRP values:

Agreements on Pi/2 BPSK Spectrum Shaping for FR2
· The spectrum shaping filter and associated requirements are applicable only to FR2
· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters
· X1 = [6]dB, X2 = [20] dB, Y = [-15] dB
· X3 such that X2 = X1 + X3
· Impact on network performance should be studied
· PA Output Power for FR2: Qualcomm and IITH  have shown that the PA can be driven with BPSK at a higher power level than with QPSK while meeting the requirements
· The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition
· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value
· The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
…
Agreements on peak EIRP
· The handheld UE peak EIRP range is defined as follows and will be captured in TS38.101-2 in this meeting
· For 28 GHz: [21.2-25.2] dBm
· For 39 GHz: [19.4-23.7] dBm
· Companies are encouraged to provide additional analysis with the intention to finalize the UE peak EIRP requirement


Subsequently, this range of values had been captured in TS38.101-2 [3].

During the RAN4 AH #1801 meeting no discernible progress on this topic was made.

During the RAN4 #86 meeting two alternative proposals were made, and it was the UE RF Chairman’s guidance for interested companies to continue seeking a compromise.

On the one hand, a proposal with three potential options to define the peak EIRP requirement was made in [4] (it was not approved):
Way forward
· Option 1: Use the 50th percentile value of reported data for min peak EIRP definition
· For 28GHz = 22.00 dBm
· For 39GHz = 20.08 dBm
· Option 2: Narrow the previously approved range [2] by taking equal percentile on each side of the data distribution. The new ranges will be:
· For 28GHz = [21.52 – 22.39] dBm, 30% each side
· For 39GHz = [19.57 – 20.48] dBm, 40% each side
· Option 3: Use the 50th percentile value of reported data for min peak EIRP definition and use the nominal peak EIRP value as given below:
· For 28GHz: Min = 22.00 dBm, Nominal value = 25dBm
· For 39GHz: Min = 20.08 dBm, Nominal value = 23dBm
· In Rel. 16, the minimum value will be increased with the average of measured min peak EIRP values provided by companies in Rel.15
· Peak EIS levels will be specified using the same approach


On the other hand, a proposal to define both peak EIRP and spherical coverage in a single package was made in [5] (it was not approved):
Way forward
· For Rel-15 
· For 28GHz
· Min peak EIRP is 23.2 dBm
· 50%-tile requirement for EIRP CDF is 13.8dBm, 9.4 dB down from peak (above)
· For 39GHz 
· Min peak EIRP is 21 dBm
· 50%-tile requirement for EIRP CDF is FFS
· For Rel-16
· Strive to specify 20%-tile requirement for EIRP CDF in Rel-16


For reference, the following work plan on spherical coverage was approved in the same meeting [6]:
Way forward
· Initiate offline and email discussion (after RAN4#85) on the use cases and model assumptions for NW performance analysis
· RAN4 NR AH #4 (January ’18)
· Initial discussion of simulation results (Both EIRP CDF and Network) based on the harmonized assumptions in this way forward.
· Propose harmonized NW model assumptions and update based on preliminary analysis. 
· RAN4 #86 (February ’18)
· Deadline to submit the EIRP CDF simulation results based on the harmonized assumptions. Target preliminary EIRP CDF spherical requirement, based on the simulation outcomes.  
· Continue to improve the NW simulation accuracy reflecting initial EIRP CDF requirement (from AH #4)
· Initial discussion of measurement results for prototype devices
· RAN4 #86bis (April ’18)
· Continue to improve the NW simulation accuracy reflecting preliminary EIRP CDF requirement (#86)
· Continue to improve the prototype measurement effort and compare to preliminary EIRP CDF simulation
· RAN4 #87 (May ’18)
· Finalize the spherical coverage requirement for handheld UEs based on the contributions 


Analysis
Continuing to advance the data-driven approach toward deriving the minimum peak EIRP requirement for FR2 UEs, Table 1 below has summarized the data points from various companies’ submissions into a single table.  Because no commercially produced devices supporting FR2 are yet available, the minimum peak EIRP values that have been provided by companies thus far have been example values derived on each company’s best understanding of the potential design and its challenges.  The table summarizes the data as a set of examples, numbered from 1 to 11.  The sources for this data are also provided. 

Table 1: Summary of minimum peak EIRP data to date
	Example
	28 GHz
	39 GHz
	Source

	Ex 01
	20.2
	18.4
	R4-1803460 [4]

	Ex 02
	21.5
	18.3
	R4-1803982 [8]

	Ex 03
	21.05
	20.45
	R4-1803460 [4]

	Ex 04
	22.3
	19.7
	

	Ex 05
	22.4
	20.6
	

	Ex 06
	21.7
	18.6
	

	Ex 07
	26.24
	24.74
	

	Ex 08
	25.24
	23.44
	

	Ex 09
	19.7
	17.9
	R4-1804123 [7]


	Ex 10
	20.3
	18.5
	

	Ex 11
	19.8
	18
	



Observation 1: The example data represents input from 7 companies and ranges from 19.7 dBm to 26.24 dBm in 28 GHz, and from 17.9 dBm to 24.74 dBm in 39 GHz.

[bookmark: _GoBack]Figure 1 below arranges the 11 data points for 28 GHz, from smallest to largest and plots them together with a line representing the minimum peak EIRP proposal of 22 dBm from [4].
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Figure 1: Minimum peak EIRP data for 28 GHz

We can make the following observations on this data:

Observation 2: An average value calculated from this data set is 21.9 dBm. The proposed value of 22 dBm exceeds all but 4 data points in the set.

Based on this observation, we can verify that the proposal for the minimum peak EIRP requirement for 28 GHz of 22 dBm is a more aggressive value than the average represented by all available example values in RAN4.

Proposal 1: Define the minimum peak EIRP requirement for the 28 GHz bands to be 22 dBm.

Figure 2 below arranges the 11 data points for 39 GHz, from smallest to largest and plots them together with a line representing the minimum peak EIRP proposal of 20 dBm from [4].
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Figure 2: Minimum peak EIRP data for 39 GHz

Observation 3: An average value calculated from this data set is 19.9 dBm. The proposed value of 20 dBm exceeds all but 4 data points in the set.

Based on this observation, we can verify that the proposal for the minimum peak EIRP requirement for 39 GHz of 20 dBm is a more aggressive value than the average represented by all available example values in RAN4.

Proposal 2: Define the minimum peak EIRP requirement for the 39 GHz bands to be 20 dBm.

Because the proposal in [5] has provided a package of proposals uniting three concepts (peak EIRP, spherical coverage, and releases), it is useful to share some related observations.

Observation 4: According to the RAN Chairman’s guidance during the RAN #79 meeting, all discussions related to the scope of Rel-16 work are ongoing within separate moderated discussions. In general, it is confusing to make agreements in the current release for requirements in the upcoming release. It is our preference to retain the focus of the Rel-15 NR FR2 power class discussion within Rel-15.

Observation 5: Because the spherical coverage discussion spans a significant simulation effort, both from the network perspective and the antenna modeling perspective, there is a detailed work plan (which had been agreed) to progress the work incrementally toward its conclusion in the RAN4 #87 meeting. Thus, including spherical coverage into a package of proposals on peak EIRP is not preferred.

Proposal 3: Continue to progress the spherical coverage discussions according to the agreed work plan and finalize these discussions during the RAN4 #87 meeting.
Proposals (for approval)
This contribution has provided an analysis of the peak EIRP data for NR FR2 handheld UEs available in RAN4 and has made the following data-driven proposals:

Proposal 1: Define the minimum peak EIRP requirement for the 28 GHz bands to be 22 dBm.

Proposal 2: Define the minimum peak EIRP requirement for the 39 GHz bands to be 20 dBm.

Proposal 3: Continue to progress the spherical coverage discussions according to the agreed work plan and finalize these discussions during the RAN4 #87 meeting.
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