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1	Introduction
During the RAN #75 meeting the study item on New Radio access technology [1] was finalized with its outcome captured in TR38.803 [2]. During RAN #76 the New Radio Work Item was initiated [3]. With the agreement to define and test RF requirements for NR mm-wave over the air (OTA), the discussion of how to define UE power class and represent the UE’s spherical coverage has progressed over several agreements.
This paper focuses on summarizing the CDF contributions presented by companies in the previous two meetings. The observed trends in the reported results help highlight the need to align on the framework and simulation assumptions used in CDF calculations.

2	Discussion
2.1	Background
The existing RAN4 agreements on UE power class definition include the NR SI outcome in TR38.803 [2], the WF from the WF from RAN4 #83 [5], and the WF from RAN4 #84 [6]. The latter narrows down a three CDF percentile ranges.

From RAN4 #83 [5]:
· Both TRP and EIRP are considered for power class definition
· EIRP can be peak, boresight or %-tile or minimum value
· TRP can be max or min and max 
· Max allowed EIRP for all UEs is 43 dBm for regulatory reasons
· Companies are encouraged to provide input
· Feasible definition and values for spherical coverage


From RAN4 #84 [6]:
Agreement: 
To agree on Power class definition, the following candidates are to be considered
· Peak EIRP over sphere with minus tolerance
· EIRP at CDF percentiles with minus tolerance
· [5-20]%
· [50]%
· [80-90]%


In last month’s RAN4 AH #3 meeting [7], a way forward for power class requirements for EIRP and spherical coverage was approved. Below are the main points on spherical coverage.
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As stipulated above, more aspects of real-product implementations need to be included in simulation analysis. These aspects significantly impact the attained EIRP results, and thus should be agreed on as framework for CDF calculations. We will discuss a summary of the reported CDF results and their specific assumptions, in hopes to align these results across companies. This is needed before any agreements on EIRP mask and percentile points can be made.

2.2	Survey of previously presented results
Several parameters are relevant to CDF simulations. Environment conditions, such as enclosing material, affect final antenna performance. The number of arrays in the UE and their specific placement is also important. The table below summarizes the results and simulation assumptions of contributions presented in RAN4 #84 [8-14]. 


Table 1: Reported results for RAN4 #84


	
	Source

	Parameter
	Intel
	MediaTek
	Qualcomm
	LG
	Huawei
	Sony
	Docomo

	# antenna arrays in DUT
	FFS
	no data
	no data
	no data
	no data
	UE1=2 
	UE2=3
	2

	enclosure around antennas
	no data
	no data
	case loss
	cover loss
	cover loss
	case loss
	yes

	materials considered
	no data
	no data
	no data
	no data
	glass/plastic
	 no data4
	metal/plastic

	PA output [dBm]
	14
	9
	14
	173
	14
	no data
	17-19

	spatial coverage of CDF
	no data
	no data
	around the sphere
	over all angles
	no data
	no data
	no data

	50 percentile value [dBm]
	26.62
	181
	17.1-28.92
	20.7
	not listed
	26.5
	27.5
	26-30

	Notes: 1 Separate classes for fixed and mobile, value reflects mobile                       4 Relates to TRP (rather than conducted) 
            2 Range for worst to best case scenario based on losses           
            3 Max conducted power


Starting with the number of arrays found in the UE, only Sony and DOCOMO provide any information. Whether the antennas are enclosed is not explicitly stated in most papers, though is often found in a loss parameter (cover or case loss) or implementation (those listed as “no data”). However, this does not mean it was included in the simulation. The specific materials used in the simulations are not typically discussed either. Similarly, whenever materials are mentioned, it is in context of their presence in a loss parameter, not necessarily if they were used in the simulation environment. 

From the results in the Table 1, we see significant variability in the PA output power, which is then reflected in the final CDF profile. For power class definition, details such as fixed or mobile, dual or single polarization, impact the results and thus must be reported. Also, for the majority of the contributions, how the CDF spatial coverage was approached is not discussed. The final results will change if focus is only on the main beamwidth, as opposed to the entire sphere. Regardless, the overall trend observed for the 50%-tile point is around 26 dBm. 

Observation 1: To avoid greater variability in reported results, PA output power should be reported and agreed upon. 

Observation 2: All CDF simulations should assume similar parameters. Alignment on these parameters is vital for proper comparison across reported results.
Table 2: Reported results for RAN4 AH #3



	
	Source

	Parameter
	Intel
	MediaTek
	Qualcomm
	LG
	Huawei
	Sony
	Docomo

	# antenna arrays in DUT
	FFS
	1
	no data
	3
	no data
	UE1=2
	UE2=3
	2

	enclosure around antennas
	no data
	case loss
	plastic loss
	case loss
	cover loss
	case loss
	case loss

	material considered
	no data
	no data
	Plastic
	no data
	plastic/glass
	  no data 2
	no data

	PA output [dBm]
	14
	9 1
	14
	17
	13-14
	no data
	13-14

	spatial coverage of CDF
	conical ±60°
	no data
	no data
	over sphere
	no data
	no data
	no data

	50 percentile value [dBm]
	23
	23
	23.7
	24.8
	other points listed (20,90)
	22
	25
	23-27

	Notes: 1 Pout per element
            2  Relates to TRP (rather than conducted)


Table 2 presents a summary of the results reported in RAN4 AH#3 [15-21]. Similar to what is shown on table 1, not much is disclosed in terms of the number of arrays used, enclosing material and spatial coverage. It is worth noting that, overall, the observed trend is that the 50%-tile value has decreased. For most, this highlights the addition of more loss parameters and further detailing their granularity. Given the lack of important environment information, undisclosed assumptions and unspecified spatial coverage in simulations, it is hard to discuss and agree on which CDF percentile points are useful for real implementations. Therefore, a framework should be considered first. A clearer understanding of the implementation and environment setup will help companies align on all parameters before deciding on CDF points.

Proposal 1: In order to correctly compare results across companies, a framework to align on CDF simulation assumptions is needed.

Table 3 below proposes a list of parameters which may potentially define the framework.

Table 3: Parameters for EIRP CDF alignment
	Parameter
	Value

	DUT description 
	information UE enclosure and array placements is encouraged to be reported

	CDF type
	measured or simulated

	Maximum EIRP (dBm)
	the 100% percentile of the CDF should correspond to the company’s peak EIRP proposal or should match the agreed max EIRP in RAN4 (if available)

	Spatial coverage CDF
	over all angles (elevation & azimuth)

	Spherical surface grid 
	Companies are encouraged to describe the spherical surface grid that was used to enable comparisons [10].  

	50 percentile value (dBm)
	companies are encouraged to share the 50% value;
sharing other values is not precluded




Proposal 2: Agreement on the framework parameters is necessary to determine whether companies can achieve sufficient alignment in their assumptions to derive a spatial coverage EIRP CDF requirement. Additional parameters, and editing or improvement of the existing parameters is encouraged by the authors.

Proposal 3: As a fallback option, if a framework cannot be agreed, the power class requirement should focus on defining the peak EIRP value and consider deriving the spatial coverage EIRP CDF requirement from measurements once sufficient numbers of commercially-available UEs can be used.
3	Conclusions
This paper presented a summary of previously reported power class parameters and CDF values. We discussed our views on how to approach defining the framework to align assumptions for spherical coverage simulations needed to define power class for mm-wave. The following observations and proposals have been made:
Observation 1: To avoid greater variability in reported results, PA output power should be reported and agreed upon. 

Observation 2: All CDF simulations should assume similar parameters. Alignment on these parameters is vital for proper comparison across reported results.

Proposal 1: In order to correctly compare results across companies, a framework to align on CDF simulation assumptions is needed.

Proposal 2: Agreement on the framework parameters is necessary to determine whether companies can achieve sufficient alignment in their assumptions to derive a spatial coverage EIRP CDF requirement. Additional parameters or improvement of the existing parameters is encouraged by the authors.

Proposal 3: As a fallback option, if a framework cannot be agreed, the power class requirement should focus on defining the peak EIRP value and consider deriving the spatial coverage EIRP CDF requirement from measurements once sufficient numbers of commercially-available UEs can be used.
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A Companies are encouraged to consider following aspects in addition to the parameters listed
in [1]
+ Number or antenna arrays and placement options with realistic industrial design including diplay
and device case material
= Perturbation or distortion of mmWave antenna radiation by the LCD, and gap in-between antenna
and housing of the UE)
+ Possible usage positions of the UE and relevance of spherical coverage

A" Decision beteen two %-tile values will be made based on submissions in RAN#84Bis

" dBm Value of %-tiles will be discussed in next meeting

- The requirement should be future-proof especially considering current results is only based on simulation result
rather than measurement with practical implementation.




