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Introduction
As the NR Work Item [1] approaches the Stage 3 completion target (RAN #80 in June of 2018), the opportunity to achieve the timely finalization of the spherical coverage requirement, and its implementation in TS38.101-2 [2], for FR2 handheld UEs is the current RAN4 #87 meeting.

This contribution provides a data-driven analysis to derive the spherical coverage requirement for NR FR2 handheld UEs and proposes the associated limits.  The proposal also addresses the practical correctness of the limits from the test system measurement uncertainty point of view and recommends aligning the peak EIRP requirement with the nearest 0.5 dB.
Discussion (for information)
Background
The derivation of the spherical coverage requirement has progressed according to the following work plan [3]:


Work plan for spherical coverage has been agreed in RAN4#85 as follows:
· 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

A way forward on EIRP CDF analysis was agreed in [4]:

Way Forward
· As summarized in page 3, all contributions are considering the real-product UE aspect especially on cover material on EIRP CDF discussion
· Based on that, it should be considered that the restrictions of real product UE to decide the spherical coverage requirement
· In order to give a clear information to RAN4#86, companies are encouraged to submit their contribution focusing on following results to meet the workplan in page 2 
· Information of display and cover material near antennas should be included
· EIRP CDF Curve or EIRP loss at each %-tile point, [20-50%], from the peak in dB
· Other appropriate information are not precluded, i.e., measurement results for prototype devices. See the workplan


In the same document, the following simulation assumptions were agreed:

	
	
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	Notes

	Frequency range
	　
	n257
	n257
	n257
	n257
	n257
	n257
	n257
	

	# of antenna in an antenna module/set
(# of patches, # of dipoles, etc.)
	　
	-
	-
	-
	-
	-
	-
	-
	Depends on the current implementation

	# of antenna module/set in total
	　
	1
	1
	2
	2
	2
	3
	3
	

	Finite UV test points
	Y/N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Finite test point shall be the baseline

	Beam phase shifter controller
	degree　
	45
	45
	45
	45
	45
	45
	45
	Finite beam shall be the baseline

	Antenna type (patch, dipole, or both)
	　
	-
	-
	-
	-
	-
	-
	-
	Depends on the current implementation

	Antenna module/set location (front, back, top-side, left-side, right-side, bottom-side)
	　
	Top /
Bottom
	Top /
Bottom
	Top &
Bottom
	Top &
Bottom
	Top &
Bottom
	Left &
Right &
Bottom
	Left &
Right &
Bottom
	combination of the lists are not precluded.

	Front cover (Plastic, Glass, Ceramic, Metal)
	　
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass
	Glass
	This information is meaningful only if it’s the same with the material which covers antennas. 

	Back cover (Plastic, Glass, Ceramic, Metal)
	
	Glass
	Plastic
	Glass
	Glass
	Plastic
	Glass
	Plastic
	

	Side cover / Frame (Plastic, Glass, Ceramic, Metal)
	　
	Metal
	Plastic
	Metal
	Metal
	Plastic
	Metal
	Plastic
	

	Device size (WxHxD)
	cm3
	66.6
	66.6
	66.6
	66.6
	66.6
	66.6
	66.6
	This is for information

	Display panel – Full (Y) or Partial (N)
	Y/N
	Y
	Y
	Y
	N
	Y
	Y
	Y
	

	Bezel Margin
	mm
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	Module can’t be placed outer edge of UE to secure mechanical reliability



During the RAN4 #86bis meeting the following agreements related to the FR2 power class requirement for handheld UEs were captured in the UE RF Chairman’s notes [5]:

Agreement: 
· For Rel-15 
· For 28GHz
· Min peak EIRP is 22.4 dBm
· 50%-tile requirement for EIRP CDF is FFS
· For 39GHz 
· Min peak EIRP is 20.6 dBm
· 50%-tile requirement for EIRP CDF is FFS
· Note: for 50%-tile, the values are FFS.


Based on this agreement, this contribution focuses its analysis on the 50th percentile of the EIRP CDF for handheld UEs operating in the 28 GHz and 39 GHz frequency ranges.

Simulated and measured data of the EIRP CDF has been provided by interested companies in 
[7-13].
Selecting the data set
Considering the array of EIRP CDF simulation assumptions in [4], a down-selection of the assumptions is needed in order to converge the CDF data.  Furthermore, the down-selection of the assumptions should adhere to practical considerations, such as whether the assumption aligns with current handset implementation trends.

The current list of possible assumptions considers a number of possible materials for the front, back, and side covers of the handset.  Considering current trends in handset design, all listed materials are possible, but the challenging combination of these materials (Glass/Glass/Metal for Front/Back/Side) is the one which drives a significant penetration of the handset market.

Consumer demand for larger screen area in the absolute sense and relative to the overall size of the handset has been a steadily growing trend of the handset market.  As observed in the related discussion of Model 1 results in [8], the use of a partial display can introduce a number of possible antenna array integration locations and improve performance, but this is not applicable to practical designs of the handset, and results based on this assumption cannot be used to derive the spherical coverage requirement for all FR2 handheld UEs.

The EIRP CDF simulation assumptions include the provision that the “module can’t be placed [in the] outer edge of UE to secure mechanical reliability.”  Maintaining this assumption in the spherical coverage requirement derivation is important from the practical implementation point of view.

The aspect of the simulation assumptions with the greatest impact on EIRP CDF performance is the number of antenna arrays.  Past proposals in RAN4 have suggested using multiple arrays as the baseline assumption.  The following issues can be identified with this approach:

Issue 1: The full display panel is expected to prevent the integration of a front-facing array in some practical handset implementations.

Issue 2: An all-metal frame is expected to preclude antenna element placement in outer edge of the UE.

Issue 3: Actual usage scenario (i.e. with hand grip) may not allow the assumption that more than one array is available for operation.

Considering these issues, it is important to note that some UE handset implementations may integrate multiple arrays by possibly using a partial display panel or plastic materials to facilitate the integration of edge-fire antenna elements.  However, the 3GPP power class specification is a minimum requirement for all UEs, and actual handset market constraints should be given consideration when determining this requirement.   Table 1 below has summarized the process of down-selecting the EIRP CDF assumptions.

[bookmark: _Ref513623075]Table 1: Applicability of EIRP CDF simulation assumptions to spherical coverage requirement derivation
	Assumption
	Front/Back/Side materials
	Display panel Full/Partial
	Antenna elements on outer edge?
	Number of arrays
	Valid for analysis?

	Assumption 1
	G/G/M
	Full
	No
	1
	Yes

	Assumption 2
	G/P/P
	Full
	No
	1
	No

	Assumption 3
	G/G/M
	Full
	No
	2
	No

	Assumption 4
	G/G/M
	Partial
	No
	2
	No

	Assumption 5
	G/P/P
	Full
	No
	2
	No

	Assumption 6
	G/G/M
	Full
	No
	3
	No

	Assumption 7
	G/P/P
	Full
	No
	3
	No



Proposal 1: Based on the applicability of EIRP CDF simulation assumptions, the spherical coverage requirement is defined by assuming the following baseline architecture for the UE:
Front/Back/Side cover materials are Glass/Glass/Metal
No antenna elements in the outer edge of the UE
Full display panel
Single array
Analysis
Continuing to advance the data-driven approach toward deriving the EIRP 50%-tile CDF requirement for FR2 UEs, Table 2 below has summarized the data points from various companies’ submissions into a single table.  These data points align with the applicable EIRP CDF simulation assumptions identified in Proposal 1.  Because no commercially produced devices supporting FR2 are yet available, the EIRP CDF values that have been provided by companies thus far have been example values derived from each company’s best understanding of the potential design and its challenges, simulations of antenna arrays in form factor, and (in some cases) measurements of prototypes.  The table summarizes the data as a set of examples, numbered from 1 to 6.  The sources for this data are also provided.

[bookmark: _Ref513575047]Table 2: Summary of EIRP CDF 50%-tile data, 28 GHz 
	Example
	Value @ 50%-tile
	Source

	Ex 1
	-13.3
	R4-1806185 [8]

	Ex 2
	-13.2
	

	Ex 3
	-12.5
	R4-1803982 [9]

	Ex 4
	-11.5
	R4-1804587 [11]

	Ex 5
	-8.6
	R4-1800990 [12]

	Ex 6
	-13.0
	R4-1805321 [13]



Figure 1 below arranges the 6 data points for 28 GHz, from smallest to largest.

[image: ]
[bookmark: _Ref513575206]Figure 1: EIRP CDF 50%-tile values, 28 GHz



Observation 1: The median of the reported normalized EIRP values for the 50th percentile CDF at 28 GHz is -12.8 dB.

The availability of 39 GHz data is limited to two companies’ submissions, as summarized in Table 3 below.

[bookmark: _Ref513575306]Table 3: Summary of EIRP CDF 50%-tile data, 39 GHz
	Example
	Value @ 50%-tile
	Source

	Ex 1
	-14.6
	R4-1806185 [8]

	Ex 2
	-14.7
	R4-1806185 [8]

	Ex 2
	-15.5
	R4-1803982 [9]



[bookmark: _GoBack]Figure 2 below arranges the 3 data points for 39 GHz, from smallest to largest.

[image: ]
[bookmark: _Ref513575326]Figure 2: EIRP CDF 50%-tile values, 39 GHz

Since only three data points are available to quantify the spherical coverage performance at 39 GHz, a median value may not be a useful statistic.  One possible approach is to use the worst-case result as a measure to mitigate the risk of under sampling the possible 39 GHz designs.  Another possible approach is to use the average value.  Without a strong preference, we continue the analysis using the average value.

Observation 2: The average of the reported normalized EIRP values for the 50th percentile CDF at 39 GHz is -14.7 dB.

The related discussion on practical design factors in [8] quantified the intra-band variation of the EIRP CDF at the 50th percentile and found that this variation exceeds the antenna roll-off loss vs. frequency factor already accounted for in the peak EIRP derivation [14].

Proposal 2: Based on the analysis in [8], intra-band variation of the CDF exceeds the variation of the peak by a margin of 0.8 dB for 28 GHz and by a margin of 2.1 dB for 39 GHz.

The related discussion on simulation and measurement alignment in [8], [13], as well as the unquantified impact of multi-band support on band-specific performance metrics, introduced the simulation vs. measurement margin to account for this risk.

Proposal 3: The gap between simulation and measurement, as reported in [13], is between 1.5 and 1.7 dB and is included in the spherical coverage requirement derivation as the simulation vs. measurement margin.

In general, a tendency to derive compromise values in the FR2 power class discussion with granularity of 0.1 dB has been observed.  This approach has been used extensively in past LTE discussions:  especially in the relaxation of RF requirements for CA support.  However, the ability of a test system to distinguish a 0.1 dB difference in performance between two samples is directly related to its measurement uncertainty.  Conducted test setup measurement uncertainty at frequencies below 2.5 GHz can be bounded by 1.0 dB and can be significantly smaller.  The measurement uncertainty of FR2 OTA test systems is anticipated to be much larger.  The Study on test methods for New Radio has quantified a set of initial assessments for the three permitted methods for UE RF measurements in TR38.810 [15].  Table 4 below summarizes these values.

[bookmark: _Ref513619653]Table 4: Uncertainty assessment of UE RF measurement methods from TR38.810 [15]
	Method
	EIRP expanded uncertainty
	TRP expanded uncertainty
	EIS expanded uncertainty

	DFF
	[6.20]
	[5.37]
	[6.66]

	IFF Method 1
	[5.99]
	[5.13]
	[6.49]

	NFTF
	[5.92]
	[5.04]
	N/A



It is a reasonable expectation that further optimization of the testing and calibration procedure, connection diagrams, and other approaches can lead to improvements of the measurement uncertainty budget.  This is one of the tasks undertaken by RAN5 in the NR Conformance Work Item.  Furthermore, the assessed measurement uncertainty of conformance test systems is also expected to be better than the measurement uncertainty budget derived in 3GPP.  However, expecting an improvement of 4-5 dB may not be feasible.

Observation 3: The FR2 test system measurement uncertainty precludes the ability to distinguish differences in performance between DUTs with a granularity of 0.1 dB.

Based on this observation of the practical limitations of measurement systems, there are two options according to which the NR FR2 power class definition can proceed:

Option 1: Power class requirements are derived and defined using 0.1 dB granularity for the sake of maintaining existing agreements at the expense of practical correctness and feasibility.

Option 2: Power class requirements are derived and defined using 0.5 dB granularity in an effort to maintain practical correctness and feasibility.

Combining the 28 GHz and 39 GHz data sets’ analyses, including the intra-band variation and simulation vs. measurement margins, and referring to the existing agreement on peak EIRP [5], we derive normalized EIRP 50%-tile CDF and absolute EIRP 50%-tile CDF values according to Option 1, as shown in Table 5.

[bookmark: _Ref513619288]Table 5: Proposed values for the 50%-tile CDF (Option 1)
	
	28 GHz
	39 GHz

	Data set median
	-12.8
	-14.7

	Intra-band variation factor
	0.8
	2.1

	Sim vs measurement margin
	1.5
	1.5

	Peak EIRP (dBm)
	22.4
	20.6

	Norm. EIRP 50%-tile CDF (dB)
	-15.1
	-18.3

	EIRP 50%-tile CDF (dBm)
	7.4
	2.3



In order to implement Option 2 in the next proposal, we recommend revisiting the agreement on peak EIRP to align it with the nearest 0.5 dB.  We further recommend assuming the intra-band variation margins for the 28 and 39 GHz bands to be 0.5 dB and 2.0 dB as a compromise. Table 6 below illustrates this proposal and derivation.

[bookmark: _Ref513620194]Table 6: Proposed values for the 50%-tile CDF (Option 2)
	
	28 GHz
	39 GHz

	Data set median
	-12.5
	-14.5

	Intra-band variation factor
	0.5
	2.0

	Sim vs measurement margin
	1.5
	1.5

	Peak EIRP (dBm)
	22.5
	20.5

	Norm. EIRP 50%-tile CDF (dB)
	-14.5
	-18.0

	EIRP 50%-tile CDF (dBm)
	8.0
	2.5



Proposal 4: With a preference to Option 2, the proposal for the power class requirements for 28 GHz is
Peak EIRP = 22.5 dBm
EIRP 50%-tile CDF = 8.0 dBm

Proposal 5: With a preference to Option 2, the proposal for the power class requirements for 39 GHz is
Peak EIRP = 20.5 dBm
EIRP 50%-tile CDF = 2.5 dBm

These proposals are implemented in the companion draft CR [16].
Impact on network performance
The related effort in [6] has quantified the impact of Model 2 (A) and Model 2 (A+B) on simulated system level performance in terms of outage performance, average throughput loss, and 5%-tile throughput loss.

Proposal 6: Based on the related observations in [6], a single panel UE is a viable option and can be considered as the baseline for the spherical coverage requirement.

The network simulation analysis has also quantified the relative impact of the 50th and 20th percentiles in the CDF by considering different CDF degradation methods in the analysis.
We understand that regardless of the CDF degradation method, the network and UE performances are much less sensitive to the value of the EIRP CDF at 20%-tile and we therefore believe defining the spherical coverage requirement at 20%-tile value is not a practical option.

Proposal 7: The spherical coverage requirement is defined at not smaller than 50%-tile value.
Proposals (for approval)
This contribution has provided an analysis of the EIRP 50%-tile CDF data for NR FR2 handheld UEs available in RAN4, has quantified the impact on network performance, and has made the following data-driven proposals:

Proposal 1: Based on the applicability of EIRP CDF simulation assumptions, the spherical coverage requirement is defined by assuming the following baseline architecture for the UE:
Front/Back/Side cover materials are Glass/Glass/Metal
No antenna elements in the outer edge of the UE
Full display panel
Single array

Proposal 2: Based on the analysis in [8], intra-band variation of the CDF exceeds the variation of the peak by a margin of 0.8 dB for 28 GHz and by a margin of 2.1 dB for 39 GHz.

Proposal 3: The gap between simulation and measurement, as reported in [13], is between 1.5 and 1.7 dB and is included in the spherical coverage requirement derivation as the simulation vs. measurement margin.

Proposal 4: With a preference to Option 2, the proposal for the power class requirements for 28 GHz is
Peak EIRP = 22.5 dBm
EIRP 50%-tile CDF = 8.0 dBm

Proposal 5: With a preference to Option 2, the proposal for the power class requirements for 39 GHz is
Peak EIRP = 20.5 dBm
EIRP 50%-tile CDF = 2.5 dBm

Proposal 6: Based on the related observations in [6], a single panel UE is a viable option and can be considered as the baseline for the spherical coverage requirement.

Proposal 7: The spherical coverage requirement is defined at not smaller than 50%-tile value.
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