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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 enhances the analysis provided in [6] and provides further EIRP CDF results for inclusion into the spherical coverage discussion.  This contribution also provides measurement results to improve the confidence in the simulated results.
Discussion
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.
Simulation results
Model 1
A description of Model from [6] is as follows:
[Model 1] has a plastic frame and a conventional LCD/OLED display, which is smaller in area than the front glass.

Figure 1 below illustrates the simulation parameters.

[image: ]
[bookmark: _Ref513456164]Figure 1: Model 1 parameters

We note the following observations about Model 1 results:
· Simulated EIRP CDF results for Model 1 were provided in [6]
· The result labeled as “Model 1 (L)” corresponds to Assumption 2 with partial display panel
· The result labeled as “Model 1 (L+R+FR+BA)” corresponds to Assumption 7 with partial display panel
· The screen of Model 1 does not cover the entire device and is not representative of the expected design of the handset form factor
· Results for Model 1 were provided for comparative purposes and cannot be used to determine the spherical coverage requirement for FR2 handheld UEs

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.
Model 2
A description of Model 2 from [6] is as follows:
Two patch arrays are used in this model, both radiating towards the back since radiation toward the front is severely attenuated by the multiple layers of metal in the display. One of the arrays is placed to top the right (Array B) while the second array is placed on the side of the phone (Array A). … [Model 1 and Model 2] designs are not practical as they employ volume for mm-wave radiation that is currently used for something else (battery, board, sensors, cameras, etc.).  

Figure 2 below illustrates the simulation parameters.
[image: ]
[bookmark: _Ref513448925]Figure 2: Model 2 parameters

Since the publication of [6], the definition of the Tx beam peak direction has been finalized in TS38.101-2 [2].  The Tx beam peak direction is the direction where the maximum total component of EIRP is found.  Thus, the spherical coverage CDF of a UE corresponds to the distribution of the total component of EIRPs over the full sphere.

If we consider a UE with a single antenna array, then the simulation and analysis procedure to match this measurement assumption is:
1. Simulate the vertical and horizontal polarization patterns of the array
2. For each EIRP CDF test direction calculate the total component of EIRP
3. Create the CDF (depending on the measurement grid, a theta correction may be needed, as described in [8])

If we consider a UE with two antenna arrays, then for each EIRP CDF test direction, the UE will have an opportunity to update its Tx beam (either by re-acquiring the SS block or by performing a beam update based on CSI-RS; exact procedure may depend on test case definition and test equipment implementation).  Then the simulation and analysis procedure is:
1. Simulate the vertical and horizontal polarization patterns for each array
2. For each EIRP CDF test direction and for each antenna array calculate the total component of EIRP and select the highest one
3. Create the CDF from these points

Applying these analysis steps to the Model 2 simulated patterns, we update the EIRP CDFs for Model 2 in the following way:
Calculate the EIRP CDF for the total power component and apply sin(theta) weighting [8] to the Model 2 (A) and Model 2 (A+B) results for the 28 GHz range
Provide the EIRP CDF results for Model 2 (A) and Model 2 (A+B) for the 39 GHz range
The Model 2 design targets a subset of the 39 GHz range (37 to 40 GHz)

The updated simulation results for Model 2 are shown in Figure 3 below:
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[bookmark: _Ref513476904]Figure 3: Simulated EIRP CDFs, Model 2

The updated EIRP CDF results of Model 2 at the 50th percentile are provided in Table 1 in the summary section of this paper.  These results correspond to the RAN4 assumptions in the following ways:

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.
Model 3
Continuing to improve the modeling effort, alternate placement of a single antenna array was considered for Model 3.  Furthermore, this effort improved the estimate of volume available to the array from Model 2.  The Model 3 design targets the entire range of 37 to 43 GHz for the high band.  All other parameters from Figure 2 apply.

Figure 4 below illustrates the normalized EIRP CDFs generated for the 28 GHz and 39 GHz array designs, respectively.
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[bookmark: _Ref513448943]Figure 4: Simulated EIRP CDFs, Model 3

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

The EIRP CDF results of Model 3 at the 50th percentile are provided in Table 1 in the summary section of this paper.
Measurement results
The experimental verification of spherical coverage performance of the handheld UE has been an integral part of the approved work plan.  While recognizing that the NR acceleration has challenged the availability of prototype devices for measurement, some initial efforts in this area have been undertaken.

During the RAN4 #86bis meeting an all-plastic prototype design was simulated and measured with results summarized in Figure 5 below [12].

[image: ]
[bookmark: _Ref513738602]Figure 5: Comparison between measured and simulated CDF spherical performance from [12]


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

Figure 6 below shows the hemispherical EIRP CDF of a prototype in a single polarization (at 28 GHz): simulation of just the prototype, simulation of prototype + fixturing, and measurement.  The simulated and measured data shown here is relevant to the broadside beam.

[image: ]
[bookmark: _Ref513558606]Figure 6: Alignment between simulations and measurements

We observe that the model of prototype + fixturing aligns very well with measurements (less than 0.5 dB gap between simulation and measurement).  Furthermore,
At the 50th percentile there is a margin of 3 dB between the measurement and unfixtured simulation, which accounts for the impact of fixturing
At the 20th percentile there is a margin of 5 dB between the measurement and unfixtured simulation

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.

In general, and in relation to Observation 7, a discussion in the NR testability SI with the objective of requesting test solution providers to quantify the potential impact of mounting/fixturing the DUT in their test setups on the EIRP CDF performance is recommended.  This evaluation can help quantify factors which contribute to the test tolerance of the EIRP CDF measurement.
Practical design factors
Intra-band variation
During the peak EIRP discussions, the in-depth derivation of the parameters which impact peak EIRP was provided in [7].  One factor (“antenna roll-off loss vs. frequency”) quantified the intra-band variation of peak EIRP.  This factor was described in the following way:
Accounts for frequency-dependent degradation in element gain and assuming the antenna covers both frequency ranges.

It was quantified to have an impact between 0.5 and 3.0 dB (with the most common value of 2.0 dB) for 28 GHz and between 1.0 and 2.5 dB (with the most common value of 2.5 dB).

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

When considering spherical coverage performance of the UE, variation in gain for directions other than the beam peak direction also contributes to the overall performance.  To quantify this effect, Model 3 EIRP CDF performance was simulated at 8 frequency points:  (24, 26, 28, 30) GHz and (37, 39, 41, 43) GHz.  After normalizing the simulations, Figure 7 below illustrates the intra-band variation of performance.


a) [image: ]b) [image: ] 
[bookmark: _Ref513449793]Figure 7: EIRP CDF variation across a) 28 GHz and b) 39 GHz bands 

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.

Because the FR2 power class definition defines limits on minimum performance, rather than nominal, the requirement needs to take into account the intra-band variability of the EIRP CDF.

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.
Multi-band considerations
Considering the extension of the 39 GHz range up to 43 GHz [9], as well as the latest listing of NR FR2 band ranges, Figure 8 below illustrates the 3GPP NR FR2 bands in the scope of Rel-15 work.

[image: ]
[bookmark: _Ref513477293]Figure 8: 3GPP NR FR2 Bands (Rel-15)

Because the power class requirement is release-independent, future FR2 UEs will be expected to fulfill this requirement regardless of how many other FR2 bands they support.  Thus, the challenge for a practical UE implementation is to meet the power class requirement for all supported bands jointly.  Although highly implementation-specific, the general observation is that for a handset to support more bands, a trade-off between performance and volume available for the antennas needs to be considered.  Related work on TRP/TRS requirements for LTE UEs developed a framework based on this understanding [10]:
A second framework was elaborated by observing that UEs supporting multiple bands must pass the OTA requirements for all applicable bands in order to achieve certification and by introducing the evaluation of a joint band passing rate (JBPR) based on the comparison of the potential requirements against the measured OTA performances over a selected set of bands and evaluating the ratio of the number of passed UEs over the total number of UEs.

Considering that the process of new band definition is an operator-driven and market-dependent activity, some discussions in 3GPP are relevant as possible indications of trends.  Thus, the spectrum sharing study performed by 3GPP as input to the ITU-R WP5D effort can be a useful example.  The outcome of the discussion related to frequency ranges considered in the spectrum sharing study was captured in [11]:

· Candidates were proposed for task by WP 5D in R4#78BIS.
· In addition to the above, the following was shared in RAN4 reflector during in R4#78BIS.
· IMT candidate bands in AI 1.13 had been divided into the following sub-frequency ranges: 24.25-33.4GHz, 37-43.5GHz, 45.5-52.6GHz and 66-86GHz
· There is a following note in section 5.3 in ITU-R WP5D#23 meeting report.
[Editor’s note: This section includes Tables of deployment parameters for Base station and User terminal in different frequency ranges. IMT candidate bands in AI 1.13 are between 24 GHz and 86 GHz, and that frequency range is very wide. Therefore, following sub-frequency ranges will be considered: 24.25-33.4 GHz, 37-43.5 GHz, 45.5-52.6 GHz and 66-86 GHz.]


A graphical illustration of these frequency ranges is given in Figure 9 below.

[image: ]
[bookmark: _Ref513485588]Figure 9: Potential NR frequency ranges above 24 GHz

We note that the frequency range between 6 GHz and 24 GHz has yet to be addressed in 3GPP NR discussions.

One approach to quantify the impact of multi-band support on each band-specific requirement is to utilize measurements of real devices, which have optimized their performance across a range of supported bands, to derive the requirements per band.  However, when the task is to determine the requirements based on simulation results and, in some cases, based on measurements of prototypes, it is difficult to quantify this impact experimentally.

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.
Summary
Considering the observation made in our network simulation paper [13], 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.

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

This contribution has updated the Model 2 EIRP CDF results, has provided new Model 3 results in 28 GHz and 39 GHz frequency ranges, has quantified the intra-band variation in both frequency ranges, and has recommended a simulation vs. measurement margin based on a number of considerations.  Table 1 below summarizes the data (at the 50%-tile) as input to the EIRP CDF requirement derivation activity.

[bookmark: _Ref513485207]Table 1: Summary of EIRP CDF simulation results (at 50%-tile)
	
	28 GHz
	39 GHz

	Model 2 (A)
	-13.3
	-14.6

	
	
	

	Model 2 (A+B)
	-11.1
	-12.7

	Model 3
	-13.2
	-14.7

	Intra-band variation
	0.8
	2.1

	Sim vs measurement margin
	1.5
	1.5



[bookmark: _GoBack]A companion paper presents a data-driven analysis to derive the spherical coverage requirement based on this data together with the rest of the data available to RAN4 [14].  Given that the simulation and measurement effort described in this contribution has addressed the agreed work plan in full [3], it is proper to make the following proposal:

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.
Conclusions
This contribution has provided further EIRP CDF results for inclusion into the NR FR2 handheld UE spherical coverage discussion.  The following observations have been made:

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.
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