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1
Introduction
The currently ongoing LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements Work Item [1] is tasked with defining over the air performance requirements and recording them in the unified specification TS 37.144 [2].
Various sets of OTA performance data for the handset in the beside the head and hand (BHH) position have been presented.  During the RAN4 #72 meeting concerns regarding the inclusion of the impact of measurement uncertainty on the derived performance requirements were raised and flagged for follow-up.  Furthermore, discussions during the RAN4 #72 meeting have indicated that the process of deriving the average performance requirements should consider the 10th percentile for TRP and 90th percentile for TRS.

In this paper we present the statistical analysis of measured UTRA handset BHH TRP/TRS data across the available data sets (and also add a data set from Intel) and derive a set of proposed performance requirements for Band I and Band VIII based on the statistical analysis of the impact of measurement uncertainty on estimating the distribution of a population of devices, as described in [3].  Additional data in [11], [13] has been considered in this paper.  Furthermore, this paper presents Intel’s measured results in a data table.
2
Discussion
2.1
Data Sources
Table 1 below lists the data sources utilized for the analysis in this paper.  Further description can be found in [12].
Table 1: Summary of data sources

	Company
	Num Band I devices
	Num Band VIII devices
	Reference

	Nokia
	65
	52
	[4], [5] (NOTE 1)

	Intel
	10/9 (NOTE 2)
	13/9 (NOTE 4)
	This paper

	NTT Docomo
	11 (NOTE 3)
	-
	[6], [13]

	Telecom Italia
	12
	9
	[7], [11]

	Orange
	9
	-
	[8]

	Total
	107/106
	74/70
	

	
NOTE 1: Devices that did not pass the BH requirement have been excluded as shown in [12]
NOTE 2: Band I TRS data for 1 device excluded

NOTE 3: Data in [13] contains TRP measurements only
NOTE 4: Band VIII TRS data for 4 devices excluded


The Intel data set contains commercially available phones available for purchase in the European and US markets.  Devices for measurement were acquired in two phases:  the first phase in 2012 and the second in 2014.  The pool of devices spans samples from major OEMs and does not contain any prototypes.  Table 2 below lists the measured performance of these devices.
Table 2: Device performance data measured by Intel

	    Band
	Device ID
	 Avg TRP
	 Avg TRS
	Comments

	1
	DUT001
	10.31
	-99.23
	

	1
	DUT002
	6.55
	-97.7
	

	1
	DUT003
	11.27
	-99.08
	

	1
	DUT004
	11.7
	
	TRS not reported

	1
	DUT006
	11.79
	-100.6
	

	1
	DUT007
	10.26
	-102.87
	

	1
	DUT008
	14.88
	-100.44
	

	1
	DUT009
	11.11
	-98.28
	

	1
	DUT010
	11.06
	-100.64
	

	1
	DUT011
	11.55
	-100.41
	

	8
	DUT001
	8.32
	-98.92
	

	8
	DUT002
	6.14
	-97.72
	

	8
	DUT003
	10.84
	
	TRS not reported

	8
	DUT004
	8.58
	
	TRS not reported

	8
	DUT005
	8.83
	-97.81
	

	8
	DUT006
	8.62
	-95.99
	

	8
	DUT007
	11.29
	-99.52
	

	8
	DUT008
	11.37
	-98.91
	

	8
	DUT009
	10.12
	-97.78
	

	8
	DUT010
	8.63
	-95.52
	

	8
	DUT011
	7.08
	
	TRS not reported

	8
	DUT012
	9.97
	-97.93
	

	8
	DUT013
	10.86
	
	TRS not reported


Several TRS results were excluded from the analysis due to the limited availability of channels measured (in these cases only the results with a single hand were available or only at the center channel).
Observation 1: Removing outlying results (such as the minimum TRP or maximum TRS) from the set is not recommended, since this data set represents devices that are widely available in networks today.  Instead, it is suggested to include the outlying results in the distribution but to ensure that a proper failing rate is chosen to encourage designs that optimize OTA performance.

2.2
Results
The UMTS handset BHH Band I and Band VIII results separated by vendor and operator data sources are shown in Figures 1 and 2 below.
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Vendor mean=14.0 dBm, 10% outage=11.3 dBm

Operator mean=15.1 dBm, 10% outage=14.0 dBm
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Figure 1: Distributions of UMTS handset BHH Band I TRP and TRS
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Vendor mean=10.0 dBm, 10% outage=7.2 dBm

Operator mean=10.8 dBm, 10% outage=9.5 dBm
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Figure 2: Distributions of UMTS handset BHH Band VIII TRP and TRS
Observation 2: The vendor and operator CDFs show that there exists an offset in the distribution means between the pool of devices measured by vendors and operators.  This gap may be explained by considering whether the pool of devices measured represents a global mix or a market-specific mix of devices. 
2.5
Analysis
A proposal is derived from the vendor data in this section and some observations on the differences with operator data are shared.

As shown in [3], when estimating the underlying statistics of a population of devices from a distribution of measurements that include the impact of uncertainty, it is proposed not to apply any offsets to the measured distribution when deriving the average performance requirement.

The TRP and TRS performance requirements are derived from measured data in the following manner:

1. Determine the 10% outage values of the measured TRP and TRS distributions

2. Set the average requirement value to the values in step #1 above [3]
3. To account for variation of performance across the band, set the minimum (for TRP) or maximum (for TRS) requirement value by applying a 3 dB offset to the average requirement
4. Set the recommended value by applying a 3 dB offset to the average requirement

Considering the vendor data, we can summarize the statistics of the distributions and derive a proposal, as shown in Table 1 below.
Table 3: Statistics and potential proposal derived only from vendor data

	Test Case
	Mean
	Outage
	Avg Prop
	Min/Max Prop
	Rec Prop

	UMTS handset BHH Band I TRP
	14.0
	11.3
	11.5
	8.5
	14.5

	UMTS handset BHH Band I TRS
	-101.2
	-99.3
	-99.0
	-96.0
	-102.0

	UMTS handset BHH Band VIII TRP
	10.0
	7.2
	7.5
	4.5
	10.5

	UMTS handset BHH Band VIII TRS
	-96.9
	-95.0
	-95.0
	-92.0
	-98.0


The potential proposal has been derived by setting the minimum average requirement to the 10%/90% TRP/TRS outage in the CDF, by selecting a 3 dB offset between the average and the minimum/max requirement, and by selecting a 3 dB offset between the average requirement and the recommended value.  Further discussions with operators to align views and to converge proposals are desired.

Observation 3: Given that a number of assumptions have been made in converting the measured distribution statistics to a proposal, a definition of a framework to define requirements based on data analysis is recommended.
3
Conclusions

This paper has presented Intel’s measurements of UMTS Band I and Band VIII devices measured in the BHH mode.  An analysis was performed on the vendor data available to RAN4, and the following observations have been made:
Observation 1: Removing outlying results (such as the minimum TRP or maximum TRS) from the set is not recommended, since this data set represents devices that are widely available in networks today.  Instead, it is suggested to include the outlying results in the distribution but to ensure that a proper failing rate is chosen to encourage designs that optimize OTA performance.

Observation 2: The vendor and operator CDFs show that there exists an offset in the distribution means between the pool of devices measured by vendors and operators.  This gap may be explained by considering whether the pool of devices measured represents a global mix or a market-specific mix of devices.

Observation 3: Given that a number of assumptions have been made in converting the measured distribution statistics to a proposal, a definition of a framework to define requirements based on data analysis is recommended.

Based on offline discussions during the RAN4 #74bis meeting and on the observation above, the following recommendation can be made:

Recommendation 1: RAN4 to agree on a framework for developing OTA performance requirements based on the data it has available.
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