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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].
2.
Discussion
2.1
Data Sources
Table 1 below lists the data sources utilized for the analysis in this paper.  In addition to the currently available data that has been published in 3GPP previously, Intel has contributed measurements in Band I and Band VIII to this analysis as well.  The devices measured by Intel are all commercially available devices.
Table 1: Summary of data sources

	Company
	Num Band I devices
	Num Band VIII devices
	Reference

	Nokia
	65
	52
	[4], [5]

	Intel
	10
	9
	This paper

	NTT Docomo
	7
	-
	[6]

	Telecom Italia
	9
	9
	[7]

	Orange
	9
	-
	[8]

	Total
	100
	70
	

	


2.2
Intel Results

A data set from Intel’s measurement campaign of Band I and Band VIII devices is presented in this paper.  The distributions for this data set are illustrated in Figure 1 and below.
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Figure 1: Distributions of UMTS handset BHH Band I TRP and TRS (Intel data)
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Figure 2: Distributions of UMTS handset BHH Band VIII TRP and TRS (Intel data)
This data has been combined with other available data for analysis in this paper.

2.3
Observations of the Nokia Data Set

The Band I and Band VIII data sets from Nokia, presented in [4], [5], have been analyzed to determine if any of the DUTs presented did not pass the legacy beside-the-head testing requirement found in TS 34.114.  Table 2 below identifies these DUTs.

Table 2: Summary of devices removed from data set

	DUT ID
	Failed BH in Band I?
	Failed BH in Band VIII

	05
	x
	

	55
	x
	

	57
	x
	

	01
	
	x

	40
	
	x

	46
	
	x


2.4
Results
The UMTS handset BHH Band I and Band VIII results from all vendor data sources are shown in Figures 1 and 2 below.
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Figure 3: Distributions of UMTS handset BHH Band I TRP and TRS (Nokia, Intel data)
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Figure 4: Distributions of UMTS handset BHH Band VIII TRP and TRS (Nokia, Intel data)

The UMTS handset BHH Band I and Band VIII results from all operator data sources are shown in Figures 3 and 4 below.
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Figure 5: Distributions of UMTS handset BHH Band I TRP and TRS
(NTT Docomo, Telecom Italia, Orange data)
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Figure 6: Distributions of UMTS handset BHH Band VIII TRP and TRS (Telecom Italia data)

The UMTS handset BHH Band I and Band VIII results from all RAN4 data sources are shown in Figures 5 and 6 below.
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Figure 7: Distributions of UMTS handset BHH Band I TRP and TRS (all data)
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Figure 8: Distributions of UMTS handset BHH Band VIII TRP and TRS (all data)

2.5
Analysis
Three sets of potential proposals are derived in this section:  one set from the vendor data, one set from the operator data, and the third set from the combined data.
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 just the vendor data (Figures 1 and 2), we can summarize the statistics of the distributions and derive a proposal, as shown in Table 1 below.
Table 3: Proposal derived from vendor data

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

	UMTS handset BHH Band I TRP
	14.1
	11.5
	11.5
	8.5
	14.5

	UMTS handset BHH Band I TRS
	-101.2
	-99.2
	-99.0
	-96.0
	-102.0

	UMTS handset BHH Band VIII TRP
	10.1
	7.4
	7.5
	4.5
	10.5

	UMTS handset BHH Band VIII TRS
	-96.6
	-94.8
	-95.0
	-92.0
	-98.0


Considering just the operator data (Figures 3 and 4), we can summarize the statistics of the distributions and derive a proposal, as shown in Table 3 below.

Table 4: Proposal derived from operator data

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

	UMTS handset BHH Band I TRP
	15.2
	13.9
	14.0
	11.0
	17.0

	UMTS handset BHH Band I TRS
	-102.7
	-100.7
	-100.5
	-97.5
	-103.5

	UMTS handset BHH Band VIII TRP
	10.8
	9.5
	9.5
	6.5
	12.5

	UMTS handset BHH Band VIII TRS
	-99.2
	-96.9
	-97.0
	-94.0
	-100.0


It should be further noted that when comparing the values derived from the operator proposal to the values in the GSMA TS.24, all of the recommended values exceed the criteria developed by GSMA.  Given that TS.24 developed operator recommendations based on a data set, it may be possible that the number of data points used to derive the analysis in Table 4 is not sufficient.
Considering all RAN4 data (Figures 5 and 6), we can summarize the statistics of the distributions and derive a proposal from this data (as shown in Table 4 below).
Table 5: Proposal derived from all RAN4 data

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

	UMTS handset BHH Band I TRP
	14.4
	11.6
	11.5
	8.5
	14.5

	UMTS handset BHH Band I TRS
	-101.5
	-99.2
	-99.0
	-96.0
	-102.0

	UMTS handset BHH Band VIII TRP
	10.2
	7.4
	7.5
	4.5
	10.5

	UMTS handset BHH Band VIII TRS
	-96.8
	-95.0
	-95.0
	-92.0
	-98.0


A prior proposal had been presented by Nokia and Microsoft and is shown in Table 6 below.
Table 6: Nokia & Microsoft proposal [9, 10]

	Test Case
	Avg Prop
	Min/Max Prop
	Rec Prop

	UMTS BHH Band I TRP
	12.0
	9.0
	15.0

	UMTS BHH Band I TRS
	-97.5
	-94.5
	-101.0

	UMTS BHH Band VIII TRP
	7.5
	4.5
	10.5

	UMTS BHH Band VIII TRS
	-91.0
	-88.0
	-95.0


Considering that the collection of all RAN4 data represents a pool of roaming devices, it is possible to refer to the statistics summarized in Table 5 as representative of the performance of roaming devices.  However, given the different numbers of DUTs used in the operator and vendor sets, respectively, care should be taken to avoid introducing bias into the analysis.  One method forward is to consider the outage values from the vendor and operator distributions separately (Tables 3 and 4, respectively) and then to derive a potential compromise.  

Table 7 below presents one possible compromise proposal for the UMTS handset BHH Band I and VIII performance.
Table 7: Potential compromise proposal

	Test Case
	Avg Prop
	Min/Max Prop
	Rec Prop

	UMTS handset BHH Band I TRP
	12.0
	9.0
	15.0

	UMTS handset BHH Band I TRS
	-99.0
	-96.0
	-101.0

	UMTS handset BHH Band VIII TRP
	8.0
	5.0
	11.0

	UMTS handset BHH Band VIII TRS
	-94.0
	-91.0
	-96.0


3.
Proposal
Tables 7 below lists the proposed UMTS notebook Band I and Band VIII TRP and TRS requirements based on the analysis shown in Section 2.2.
Table 8: Potential compromise proposal

	Test Case
	Avg Prop
	Min/Max Prop
	Rec Prop

	UMTS handset BHH Band I TRP
	12.0
	9.0
	15.0

	UMTS handset BHH Band I TRS
	-99.0
	-96.0
	-101.0

	UMTS handset BHH Band VIII TRP
	8.0
	5.0
	11.0

	UMTS handset BHH Band VIII TRS
	-94.0
	-91.0
	-96.0
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