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1 Spherical Coverage
1.1 Contributions list

	#
	Tdoc number
	Source
	Title
	Type
	For

	1
	R4-1806352
	Apple Inc., Intel Corporation
	Network Performance Analysis for Spherical Coverage
	discussion
	Discussion

	2
	R4-1806435
	Samsung
	Network performance analysis for spherical coverage
	discussion
	Discussion

	3
	R4-1807658
	Qualcomm Incorporated
	Why spherical coverage matters
	other
	Approval

	4
	R4-1806727
	Ericsson
	Spherical coverage requirement of different types for EN-DC
	other
	Approval

	5
	R4-1806728
	Ericsson
	Introduction of additional UE spherical coverage requirements for EN-DC
	draftCR
	Endorsement

	6
	R4-1806183
	Apple Inc., Intel Corporation, vivo, Xiaomi, OPPO, SGS Wireless, TCL, Spreadtrum, Asus, Kyocera
	Proposals for concluding the spherical coverage requirement for FR2 handheld UEs
	other
	Approval

	7
	R4-1806184
	Apple Inc., Intel Corporation, vivo, Xiaomi, OPPO, SGS Wireless, TCL, Spreadtrum, Asus, Kyocera
	Draft CR to TS38.101-2 on the power class requirement for FR2 handheld UEs
	draftCR
	Endorsement

	8
	R4-1806185
	Apple Inc.
	EIRP CDF results for FR2 handheld UEs
	discussion
	Discussion

	9
	R4-1806419
	Samsung
	EIRP values for spherical coverage in FR2
	discussion
	Approval

	10
	R4-1806676
	LG Electronics France
	Measurement results of spherical EIRP CDF curves for NR UE at FR2
	other
	Approval

	11
	R4-1806814
	MediaTek Beijing Inc.
	Spherical Coverage Analysis
	discussion
	Approval

	12
	R4-1807490
	Sony
	UE Spherical coverage measurements at mmWave 28GHz
	discussion
	Discussion

	13
	R4-1807807
	Huawei Device Co., Ltd
	On spherical coverage requirement of EIRP
	other
	Approval

	14
	R4-1806663
	Qualcomm Incorporated
	FR2 Type 1 UE EIS and EIRP Spherical

Coverage 
	other
	Approval

	15
	R4-1807931
	Motorola Mobility Germany GmbH
	Spherical Coverage for FR2
	discussion
	Discussion


1.2 Proposals summary

	Source
	Proposals

	Apple, Intel
	R4-1806352
Observation 1: Due to handgrip and body blockage, it is reasonable to assume that only one of the antenna panels of the UE is active at a time.

Observation 2: In the UMa scenario when ISD is 200 m and all users are outdoor, the outage performance of one and two panel UEs is comparable.

Observation 3: In the UMa scenario when ISD is 200 m, the difference in the mean UL throughput loss when UEs have realistic single and two panels is about 7%. Furthermore, the mean DL throughput performance is comparable.

Observation 4: In the dense urban scenario, the throughput performance when UEs have realistic single and two panels is quite comparable.  

Observation 5: Different “continuous” CDF degradation methods provide varied results but even the linear method (arguably the median CDF between the 20%-tile and 50%-tile degradation points) increases the mean and 5%-tile throughput loss by less than 5% compared to the discontinuous approach.

Observation 6: The linear CDF degradation at 20%-tile increases the average UE throughput loss by less than 8% compared to the 20%-tile discontinuous degradation while the discontinuous degradation of CDF at 50%-tile results in largest throughput loss. 

Observation 7: The network performance is less sensitive to the variations of EIRP CDF at 20%-tile value.

Proposal 1: A single panel UE is a viable option and can be considered as the baseline for the spherical coverage requirement.
Proposal 2: The spherical coverage requirement should be specified at not smaller than 50%-tile value.

	Samsung
	R4-1806435
Results for urban macro with ISD of 200m and 200MHz bandwidth

Deviation from a ref
13.8dBm (-8.6 dBm from peak)
UL throughput change wrt that for 0dB deviation
Mean
5%-tile
50%-tile
-3dB
-6.17%
-30.94%

-2dB

-4.42%

-18.77%

0dB

0%

0%

+2dB
4.79%
20.66%

+3dB
7.23%
27.88%

Observation: With deviation of -3dB to +3dB at the 50%-tile of EIRP CDF, the mean UL throughput change ranges from -6.17% to 7.23%, whereas the 5%-tile UL throughput change ranges from -30.94% to 27.88%. The change in the mean throughput is significantly less compared to that in the 5%-tile throughput.

	Qualcomm
	R4-1807658
· Since the network needs to be designed based on a target cell edge coverage, the low percentile points are more important than the 50%-tile
· CDF shape has large impact on the reliability achieved at a given distance from BS
· Low percentile points determine the size of cell edge
· Defining a spherical coverage percentile point below 50% is important for reliability of RRM testing and performance
Proposal 1: define a spherical coverage requirement corresponding to at least two antenna modules
Proposal 2: define a CDF percentile point below 50% (e.g. 20%)

	Ericsson
	R4-1806727
To facilitate development of early mmW UEs, we propose that two sets of spherical coverage requirements be specified in the Rel-15 version of 38.101.3:
· A mandatory type 1 requirement that can be met using one module
· An optional enhanced type 2 requirement for designs with e.g. improved antenna/module performance.

The type 2 requirement would be the same as that applicable to SA operation. 

R4-1806728

Accompanying draft CR to include table for spherical coverage requirements in TS 38.101-3.
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For a handheld UE supporting type 1 spherical coverage the sequirements are determined in Table 6.2.1-3.

Table 6.2.1-3: Additional UE maximum output
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For a handheld UE supporting type 2 spherical coverage the sequirements are determined in Table [6.2.1-3] of [38.101-
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	Apple, Intel
	R4-1806185
Observation 1: Because Model 1 implements a partial display panel and represents a result for comparative purposes only, Model 1 results cannot be used to determine the spherical coverage requirement for FR2 handheld UEs.

Observation 2: The result for Model 2 (A) corresponds to Assumption 1 with full display panel.

Observation 3: The result for Model 2 (A+B) corresponds to Assumption 3 with full display panel and Back/Back antenna panel locations.

Observation 4: The result for Model 3 corresponds to Assumption 1 with full display panel.

Observation 5: The gap between simulation and measurement, as reported in [12], is between 1.5 and 1.7 dB.

Observation 6: The first step toward improving the confidence in our simulated results’ prediction of the EIRP CDF performance has been taken with results showing alignment within 0.5 dB. 

Observation 7: The measurement results raise a concern with the efficacy of setting a potential requirement on any percentile below the 50th, since it becomes difficult to separate actual UE performance at these percentiles from any test system related effects, such as DUT fixturing.  It is not recommended to consider defining an EIRP CDF requirement for any percentiles below the 50th.

Observation 8: The intra-band variation of peak EIRP is 2.0 dB for 28 GHz and 2.5 dB for 39 GHz.

Observation 9: Over the 28 GHz frequency range, performance at the 50%-tile CDF has a spread of 2.8 dB compared to the 2.0 dB assumption for peak EIRP.

Observation 10: Over the 39 GHz frequency range, performance at the 50%-tile CDF has a spread of 4.6 dB compared to the 2.5 dB assumption for EIRP.

Observation 11: Based on the above observations, 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.

Observation 12: Because no market-ready devices are available to derive the spherical coverage CDF requirements based on the joint band passing rate (JBPR) framework [10], the derivation of band-specific requirements based on simulation results should consider the most common set of baseline assumptions (Assumption 1 with full display panel) together with additional factors accounting for intra-band variation of performance and the simulation vs. measurement margin.

Observation 13: We suggest to define the spherical coverage requirement at not smaller than 50%-tile value.

Proposal 1: Companies are encouraged to follow the data-driven approach described in [14] to derive the spherical coverage requirement during the RAN4 #87 meeting.  From the perspective of a company who has completed the simulation and measurement aspects of the work plan, it is our understanding that the requirement can be defined according to the proposals prepared in [14].  In the event of strong disagreement with these proposals, it is also acceptable to completely postpone the effort on spherical coverage until commercial devices are available for a measurement campaign.

	Apple, Intel, vivo, Xiaomi, OPPO, SGS Wireless, TCL, Spreadtrum, Asus, Kyocera
	R4-1806183

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.
R4-1806184

Accompanying draft CR updating min peak EIRP values and adding spherical coverage table.
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	Samsung
	R4-1806419
Observation 1: Observations about the impact of full display and metal side cover should be taken into account in defining the requirements for 50%-tile.
Observation 2: For 28GHz, the simulation results submitted until RAN4#86bis are in the range of 5.5 to 14 dB down from the peak at 50%-tile. The mean value is 10.9 dB down from the peak.

Observation 3: For 39GHz, our EIRP value at 50%-tile point is 10.6 dB down from the peak. 
Observation 4: The 50%-tile requirement can be defined with a margin of 3 dB on top of simulation data, which is 11.6 dB down from the peak, or 10.8 dBm, for our simulation data of 28 GHz.
Proposal 1: For 28 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 10.8 dBm at 50%-tile, 11.6 dB down from the peak.
Proposal 2: For 39 GHz, RAN4 is recommended to define the EIRP for spherical coverage to be 7 dBm at 50%-tile, 13.6 dB down from the peak.

	LGE
	R4-1806676
Simulated vs measured results

Simulation basis 

Measurement basis

Peak EIRP

22.4 dBm

22.4dBm

Spherical EIRP (50%)

22.4 -12.5 = 9.9dBm

22.4 -13.9 = 8.5 dBm

Spherical EIRP requirements

Required EIRP

(at n257/n258)

Required EIRP

(at n260)

Peak EIRP

22.4 dBm

20.6dBm

Spherical EIRP (50%)

22.4-12.5-1.5 =8.4 dBm

20.6-13.9-1.5 = 5.2 dBm

Proposal 1: For the spherical coverage of power class at mmWave, RAN4 should specified the 50%-tile spherical coverage as shown in Table 1 with considering 1.5dB measurement vs. simulation power offset.

	MediaTek
	R4-1806814
50%-tile EIRP specification calculation

Operating Band
28 GHz

39 GHz

Peak EIRP (dBm)

22.4

20.6

Normalized
50%-tile EIRP (dB)
-11.6

[-11.6]

Calculated

50%-tile EIRP (dBm)

10.8

[9]

Proposed

50%-tile EIRP (dBm)
11
[9]
Proposal 1: 50%-tile requirement for EIRP CDF in 28 GHz band is 11 dBm.

Proposal 2: 50%-tile requirement for EIRP CDF in 39 GHz band is [9] dBm.

	Sony
	R4-1807490

Summary of measured CDF spherical performance
Assumption
-
2-modules
Back-side only
Front-side only
Display
Partial / Full
Partial
No antenna arrays
Back side
1
1

N/A

Front side
1
N/A

1

Side cover (cover material near antennas)
Metal / Plastic
Plastic
Plastic
Plastic
Back cover
Glass / Plastic
Plastic
Plastic
N/A

Front cover
Glass / Plastic
Glass
N/A

Glass
EIRP @ 100%%-tile point
dBm
22.4dBm (agreement in #86bis [4])
( EIRP @ 50%
dB
9.1
12.5
13.1
( EIRP @ 40%
dB
10.1
14.2
14.7
( EIRP @ 30%
dB
11.1
16.2
17.9
( EIRP @ 20%
dB
12
19.1
21
Observation 1: 
The gap between a single and two modules is bigger at the lower CDF points.

Observation 2: 
Implementation loss due to high-loss glass (Front-side) is 1 – 2 dB higher compared to plastic (Back-side) cover material which is consistent with simulations.

	Huawei
	R4-1807807

Observation: Due to the difference in test methodology between peak EIRP and spherical coverage, it is reasonable for UE vendors to consider different MU and TT when providing feasibility analysis on 50%-tile EIRP as compared to peak EIRP.
Proposal 1: 50%-tile EIRP requirement for band n257, n258 and n261 should be 10.7 dBm 

(-11.7 dBm) in Rel. 15.

Proposal 2: 50%-tile EIRP requirement for band n260 should be further discussed and specified in Rel.16.

	Qualcomm
	R4-1806663

Proposal 1: FR2 Type 1 UEs shall have independent EIS and EIRP spherical coverage requirements.

Proposal 2: For a UE with 2 modules, spherical coverage CDF droop at the 50%ile point, relative to peak value, shall be less than 8dB.

Proposal 3: Spherical coverage specification additionally at [20]%ile CDF is FFS

	Motorola
	R4-1807931

· Summarizing our choice of assumptions:

1. Two 1x4 arrays

2. Full display panel

3. Front/Back/Side housing materials are primarily glass/glass/metal with some compromise
4. Arrays partially intrude into the outer edge
· Additional de-rating factors to get a maximum rather than nominal delta-dB value
1. Intra-band variation (variation in the delta-dB, aside from variation in the absolute peak EIRP value): not fully characterized, estimated as 1.5 dB.
2. Measurement vs. simulation margin: our view is that this is a first-order factor for absolute values like peak EIRP, but not a significant factor for the delta-dB value here in question, and estimate this as 0 dB.
3. Finite number of beams penalty: the above data are based on 5 degree incrementing of beam angles.  We can estimate the impact of limiting to a smaller number of beams on 30 degree increments by inspecting the pattern taper (in the relevant plane) of the formed beams at +/-15 degrees from the nominal pointing direction.  We estimate this to contribute an additional 1.5 dB to the raw delta-dB value.

Proposal: The following delta-dB values be subtracted from the minimum peak EIRP values previously agreed, to establish the 50th percentile EIRP values:
· 7.4 dB in 28 GHz
· 8.9 dB in 39 GHz


1.3 Discussion Topics:
Topic 1: Measured EIRP CDF
· Three contributions provided measured results: Sony [R4-1807490], LGE [R4-1806676], MediaTek [R4-1806814], Apple [R4-1806185]
· [Q1] Given the difference between simulated and measured results, what measurement aspects or evaluation parameters impact the results the most?

[Sony] good alignment. Setup differences: measured device is bigger

[LGE] packaging material properties

[Apple] fixturing

[MediaTek] align well

· [Q2] What were the main difference between the simulated and measured designs? Level of integration, layers included, size, etc.

[Sony] Setup differences: measured device is bigger

[MediaTek] different materials

· [Q3] How can we characterize the difference?

[Sony] test tolerance

[LGE] beam opt, measurement setup

· [Q4] Is there an estimate you can provide for these?

[Sony] 1 dB

[LGE] 1.5 dB

[Apple] 0.5 dB

· [Q5] Any info or estimation for 39GHz?

No info from companies
Topic 2: EIRP CDF proposals
· There is a variety of assumptions for the reported data and some is based of simulations, while a few are based on measurements. To help analyze the data, two tables are provided below summarizing the submitted proposals for 50%-tile for 1 panel and 2 panels.

Table 1 - Summary of submitted proposals for 50%-tile for 1 panel
	Source
	Data type
	28GHz

    Drop      |      EIRP
	39GHz

Drop      |      EIRP

	Apple
	Simulated
	-14.50
	8.00
	-18.0
	2.5

	LGE
	Measured
	-14.00
	8.40
	-15.4
	5.2

	Samsung
	Simulated
	-11.60
	10.8
	-13.6
	7.0

	Sony
	Measured
	-13.10
	9.30
	-
	-

	Huawei
	Simulated
	-11.70
	10.7
	-
	-

	Average
	
	-12.98
	9.44
	-15.67
	4.9


Table 2 - Summary of submitted proposals for 50%-tile for 2 panels
	Source
	Data type
	28GHz

    Drop      |      EIRP
	39GHz

Drop      |      EIRP

	Qualcomm
	Simulated
	-8.00
	14.4
	-
	-

	MediaTek
	Measured
	-11.6
	10.8
	[-11.6]
	[9.0]

	Sony
	Measured
	-9.10
	13.3
	-
	-

	Motorola
	Simulated
	-7.40
	15.0
	-8.90
	11.7

	Average
	
	-9.03
	13.38
	[-10.25]
	[10.35]


· Four of the reporting companies stated including a margin term to adjust their raw numbers. Margin parameters included:

· Simulation vs measurement

· Intra-band variation

· Finite number of beams penalty

· [Q1] In absence of fully measured data, should we add a Total Margin? If so, what margin parameters should we use to adjust the data? 

· Option 1: Include some of the above listed parameters

· Option 2: Include all three listed parameters

· Option 3: Add more parameters

Discussion

[Apple] use data driven approach considering all reported data + margin

[LGE] consider the same assumptions to derive requirement. Drive EIRP level based on use case

[Qualcomm] we cannot agree on the assumption of 1 panel
Important question to help finalize requirement

[Q2] What to consider the baseline design: 1 panel or 2 panels?
No consensus reached ( need to reach agreement on this. As an alternative, we have agreed to discuss the approach detailed in paper R4-1806727.
Agree to discuss
· A mandatory type 1 requirement that can be met using one module
· An optional enhanced type 2 requirement for designs with e.g. improved antenna/module performance.

Remaining questions
· [Q1] How do we derive the 50%-tile value from the reported data?
· Option 1: Adjust with agreed Total Margin, then take the average

· Option 2: Adjust data with agreed Total Margin, then remove outliers and take the average

· Option 3: Do not adjust data and take the average of the reported numbers as they appear

· Option 4: Do not adjust data and take the average excluding outliers
· Other option?
· [Q2] Data for 39GHz is limited (available from half of the companies). How should we proceed?

· Derive value with available results ( preferred by companies
· Derive value with available results and add another margin
· Wait until more data is available and define for Rel-16
Topic 3: Network performance
· Three papers address network performance
· R4-1806435 by Samsung 
· Summarizes performance implications of deviating from the 50%-tile from -3dB to +3dB

· R4-1806352 by Apple
· One panel is a viable option and can be considered baseline for spherical requirement

· The network performance is less sensitive to the variations of EIRP CDF at 20%-tile value
· R4-1807658 by Qualcomm
· Shows how link budget is statistically affected by the spherical coverage CDF
· All CDFs points matter to determine overall system performance
· Lower %-tile is important for RRM testing
· Performance implications
· [Q1] How do simulation results vary with the number of panels
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