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1
Introduction
During the RAN #66 meeting a new Work Item was approved to develop radiated requirements for the verification of multi-antenna reception performance of UEs [1]  This WI intends to capture the associated MIMO OTA requirements in TS 37.144 [2] which is the container for all UE and MS over the air performance requirements.  All aspects associated with measurement procedures and other definitions are contained in TR 37.977 [3].
The harmonization activity, described in Clause 10.3 of TR 37.977, is based on three testing efforts carried out in the CATR labs:  measured data from the first campaign, undertaken during the summer of 2015, can be found in [4]; measured data from additional measurements of the absolute data throughput framework (ADTF), undertaken in December 2015, can be found in [12]; and measured data from the third set of results, undertaken in January 2016, can be found in [14] and in [16].

By aligning the various agreements on harmonization [5], [11], [13] and by collecting all relevant analysis in the accompanying spreadsheet, this paper seeks approval on a number of proposals to drive the harmonization outcome of the Work Item.
2
Discussion
2.1
Measurement uncertainty

The measurement uncertainty budget for each methodology has been agreed and captured in Annex B of TR 37.977 [3] and is shown in Table 1 below.

Table 1: Measurement uncertainty budget per methodology

	Method
	MU

	RC
	1.86

	RC+CE
	2.59

	RTS
	2.08

	MPAC
	2.65


2.2
Analysis of Absolute Data Throughput Framework (ADTF) Results
The ADTF was introduced in the Rel-12 MIMO OTA WI and is described in Clause 9.3.1 in TR 37.977 [3].  For reference, Table 2 below summarizes the outage values at 70% maximum throughput for each methodology from the results summarized in Clause 10 of the TR.
Table 2: ADTF results with NOMINAL antenna from TR 37.977

	MPAC ADTF with NOMINAL

	 
	Cond UMi
	OTA UMi
	Cond-OTA UMi
	Cond UMa-B
	OTA UMa-B
	Cond-OTA UMa-B

	SATIMO
10.2.2-1
	-100.55
	-99.9
	0.65
	-94.8
	-94.6
	0.2

	Intel
10.2.2-3
	-99.1
	-99.1
	0
	-95.9
	-96.75


	0.85

	Worst Case
	 
	 
	0.65
	 
	 
	0.85

	RC ADTF with NOMINAL

	 
	Cond UMi
	OTA UMi
	Cond-OTA UMi

	Bluetest
10.2.3-3
	-103.15
	-103.8
	0.65

	EMITE
10.2.3-3
	-103.7
	-103.7
	0

	Worst Case
	 
	 
	0.65

	RC+CE ADTF with NOMINAL

	 
	Cond LCSD
	OTA LCSD
	Cond-OTA LCSD
	Cond HCLD
	OTA HCLD
	Cond-OTA HCLD

	Bluetest
10.2.3-7/11
	-103.6
	-101.8
	1.7
	-99.7
	-98
	1.7

	Azimuth
10.2.3-7/11
	-105.25
	-103.9
	1.35
	-98.25
	-96
	2.25

	Worst Case
	 
	 
	1.7
	 
	 
	2.25

	Two-Stage ADTF with NOMINAL

	 
	Cond UMi
	OTA UMi
	Cond-OTA UMi
	Cond UMa-B
	OTA UMa-B
	Cond-OTA UMa-B

	Agilent
	 
	 
	 
	 
	 
	 

	GTS
10.2.4-2/3
	-98
	-98
	0
	-96.41
	-95.68
	0.74

	Worst Case
	 
	 
	0
	 
	 
	0.74


The ADTF tabs in the attached spreadsheet contain all analysis steps necessary to derive the conducted-OTA gap for each method and channel model.

The largest accuracy term for MPAC occurs for the Band 41 SCMe UMi combination (Figure 1 below).
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Figure 1: MPAC Band 13 SCMe UMi ADTF results

The largest accuracy term for RC+CE occurs for the Band 7 SDLC combination and is shown in Figure 2 below.
[image: image2.emf]0

5000

10000

15000

20000

25000

30000

35000

40000

-109 -108 -107 -106 -105 -104 -103 -102 -101 -100 -99

B13 RC+CE LCSD

OTA R1

OTA R2

OTA R3

OTA R4

OTA R5

COND 1

COND 2

COND 3

COND 4

COND 5


	accuracy
	2.3

	repeatability
	0.8


Figure 2: RC+CE Band 7 LCSD ADTF results
During the RAN4 #77 MIMO OTA adhoc meeting these results were analysed, and the following agreements regarding the ADTF accuracy terms (labelled “x”) were captured [13]:
· The term “x” is defined as a band-independent and methodology-specific quantity, as shown in Table 3 below

· An updated spreadsheet that captures the observations from the ADTF data is attached to this WF

· Unless specified below, this table was derived from ADTF measurements obtained per Clause 10.3.1 of TR 37.977
Table 3: Agreement on the ADTF accuracy term “x”

	RC NIST
	RC+CE
	MPAC
	RTS

	1.2
	1.6

(NOTES 3,4,5)
	0.9
	0.6

	NOTE 1: This table was derived from worst-case ADTF accuracy results for all methods across 70% and 95% outage levels and as a worst case across bands
NOTE 2: a single orientation was used for MPAC and RTS
NOTE 3: An investigation by RC+CE proponents into the root cause of the observed ADTF accuracy values of up to 3.2 dB has been requested
NOTE 4: For RC+CE the observed ADTF accuracy value was divided by 2 as a compromise
NOTE 5: Three criteria were defined regarding the value of “x” for RC+CE and are given in Table 2 


In the same document criteria were also agreed for selecting the value of “x” for RC+CE; however, this analysis assumes that the compromise value of 1.6 remains agreed.
2.3
Harmonization Parameters

Discussions during RAN4 #77 on the number of DUT orientations to be used in MPAC/RTS methods as well as the averaging approaches resulted in the following agreement [10]:

Proposal 1: Only these three positions, P 45, L 45 (Ψ=90; Θ=45; Φ=0 – left tilt), P 90, shall be considered for harmonization; whether or not averaging is done across positions is FFS;
All prior analyses, as well as the analysis spreadsheet included in the RAN4 #77 Way Forward [11], have utilized the following figure of merit parameters:

· The FoM was calculated as an average of power derived from a given outage percentage

· The averaging methods can be either linear average of mW values or inverse of the average of inverse mW values

The Way Forward [11] also specifies the following agreements on the FoM:
· An analysis to derive residual error “r” and harmonization MU “h” has been agreed in the accompanying spreadsheet (included with this WF)

· All inter-methodology offsets have been optimized for the 70% throughput outage point for each harmonization option under consideration

· For test outcomes that reach the 95% throughput value, a residual at the 95% outage point using the same offsets from above is calculated as a robustness check

· For test outcomes that do not reach the 95% throughput value, an informational flag is noted and no average is calculated
Combining these agreements together, Table 4 below provides an exhaustive list of possible harmonization options and selects 5 (options A through E) for simplicity.
Table 4: Overview of harmonization option

	Option
	Channel models
	MPAC/RTS positions
	Averaging type

	Opt.A
	UMa, UMi, NIST, LCSD, HCLD
	Sep. Tests {P 45,L 45,P 90}
	LIN

	 
	UMa, UMi, NIST, LCSD, HCLD
	Sep. Tests {P 45,L 45,P 90}
	INV

	Opt.B
	UMa, UMi, NIST, LCSD, HCLD
	AVG {P 45,L 45,P 90}
	LIN

	Opt.C
	UMa, UMi, NIST, LCSD, HCLD
	AVG {P 45,L 45,P 90}
	INV

	 
	UMi, NIST, LCLD
	Sep. Tests {P 45,L 45,P 90}
	LIN

	 
	UMi, NIST, LCLD
	Sep. Tests {P 45,L 45,P 90}
	INV

	Opt.D
	UMi, NIST, LCLD
	AVG {P 45,L 45,P 90}
	LIN

	Opt.E
	UMi, NIST, LCLD
	AVG {P 45,L 45,P 90}
	INV

	 
	UMa, NIST, HCLD
	Sep. Tests {P 45,L 45,P 90}
	LIN

	 
	UMa, NIST, HCLD
	Sep. Tests {P 45,L 45,P 90}
	INV

	 
	UMa, NIST, HCLD
	AVG {P 45,L 45,P 90}
	LIN

	 
	UMa, NIST, HCLD
	AVG {P 45,L 45,P 90}
	INV


For each option, each band, and each pair of methodologies (i.e. MPAC/RC, MPAC/RC+CE, and MPAC/RTS), harmonization residuals are calculated in the following manner:

· For options that include multiple channel models per method (labelled as “UMa, UMi, NIST, LCSD, HCLD” in the table), residuals per DUT are calculated for each set of the following channel model pairs:
· For MPAC/RC: {UMa, NIST}, {UMi, NIST}
· For MPAC/RC+CE: {UMa, HCSD}, {UMi, LCSD}

· For MPAC/RTS: {UMa, UMa}, {UMi, UMi}

· Consequently, the harmonization offset is optimized to minimize the maximum residual for all of the above pairings
· For options that include separate test cases across the DUT orientations in MPAC/RTS (labelled as “Sep. Tests {P 45,L 45,P 90} in the table), residuals per DUT are calculated according to the following:

· For MPAC/RC: {P 45, RC}, {L 45, RC}, {P 90, RC}

· For MPAC/RC+CE: {P 45, RC+CE}, {L 45, RC+CE}, {P 90, RC+CE}

· For MPAC/RTS: {P 45, P 45}, {L 45, L 45}, {P 90, P 90}

· Consequently, the harmonization offset is optimized to minimize the maximum residual for all of the above pairings
2.4
Analysis of the Harmonization Options
The agreement on the definition of the harmonization MU “h” is given in [13]:

· Updated definition of the harmonization MU “h”

· If ((r + m + x + b) < e), h = e
else
h = r + m + x + b

· x, m: defined per method

· b: expected to be defined

· r, h: defined per combination of methods used in the harmonization option of interest

· Numerical example:

· assuming the “else” statement

· alpha = r_1,2 + m_1 + x_1 + b_1,2

· beta = r_1,2 + m_2 + x_2 + b_1,2

· h_1,2 = max(alpha,beta)

· h_1,2 = max( (r_1,2 + m_1 + x_1 + b_1,2), (r_1,2 + m_2 + x_2 + b_1,2) )
Further, with the availability of additional DUT data from CATR [14], it is possible to determine the bias term “b.”  The Way Forward from RAN4 #76 contains the following relevant agreement:
Initiate a new phase of the harmonization activity across the methods using outliers from the performance work for cross-method validation of the current harmonization offsets with the goal to characterize the risk/cost factors associated with harmonization
Here we observe that the term “current harmonization offsets” refers to the harmonization offsets calculated from the data set available during RAN4 #76 [4].  Thus, the following approach was used to calculate the bias term “b”:
· The harmonization offsets are optimized for each option across the first set of device measurements (these are available in [4])

· For the additional devices measured by CATR (these are available in [14]), the same offsets above offsets are applied, and new residuals are calculated according to the same approach as outlined in Section 2.3

· If the new residuals exceed the residuals calculated across the first set of device measurements, then the largest difference is termed “b” for the particular harmonization option, band, and pair of methodologies

After combining the per-methodology MU (Table 1), the ADTF modelling error (Table 3), and the agreements on harmonization analysis and applying them to the harmonization options in Table 4, we can calculate the worst-case (across the three bands under consideration) harmonization MU, as shown in Table 5 below.
Table 5: Summary of the harmonization analysis

	Option
	Methods
	h
	robustness
	b
	Num r
	Parameters

	Opt.A
	MPAC/RC
	9.1
	2.0
	0.0
	81
	{UMa, UMi, NIST, LCSD, HCLD}
Sep. Tests {P 45,L 45,P 90}
LIN averaging

	
	MPAC/RC+CE
	7.4
	0.5
	0.4
	81
	

	
	MPAC/RTS
	5.9
	0.2
	1.1
	42
	

	Opt.B
	MPAC/RC
	8.4
	2.3
	0.7
	27
	{UMa, UMi, NIST, LCSD, HCLD}
AVG {P 45,L 45,P 90}
LIN averaging

	
	MPAC/RC+CE
	7.0
	0.7
	1.9
	27
	

	
	MPAC/RTS
	4.8
	0.4
	0.5
	14
	

	Opt.C
	MPAC/RC
	8.7
	2.5
	1.6
	27
	{UMa, UMi, NIST, LCSD, HCLD}
AVG {P 45,L 45,P 90}
INV averaging

	
	MPAC/RC+CE
	7.9
	0.3
	3.0
	27
	

	
	MPAC/RTS
	4.9
	0.5
	0.5
	14
	

	Opt.D
	MPAC/RC
	5.7
	1.9
	0.2
	14
	UMi, NIST, LCLD
AVG {P 45,L 45,P 90}
LIN averaging

	
	MPAC/RC+CE
	6.8
	0.4
	1.8
	14
	

	
	MPAC/RTS
	4.6
	0.5
	0.9
	7
	

	Opt.E
	MPAC/RC
	5.9
	1.9
	1.5
	14
	UMi, NIST, LCLD
AVG {P 45,L 45,P 90}
INV averaging

	
	MPAC/RC+CE
	7.2
	0.2
	2.8
	13
	

	
	MPAC/RTS
	4.7
	0.5
	1.0
	7
	


The “h” column records the largest “h” term for each option and methodology pair across the three bands analysed (Band 13, Band 7, and Band 41), the “robustness” column records the amount by which the residuals, calculated at 70% outage points, increase when calculating them at the 95% outage points, the “b” column records the amount of bias by which the residuals calculated across the first data set increase when the second data set was introduced, and the “num r” column records the harmonization sample size in terms of the number of residual points included in the analysis across the three bands for each pair of methods per option.
These results are illustrated in Figure 3 below.
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Figure 3: Illustrations of the harmonization analysis:
a) harmonization sample size, b) harmonized MU, c) harmonization bias, and d) harmonization robustness
Observation 1: By virtue of being a “separate test cases” option, Option A has the largest sample size, thereby increasing the confidence in the residual errors calculated for this option; this is evident in the harmonization bias results:  by adding a single DUT to the analysis, the residual error increased by less than 0.5 dB
Observation 2: The potential sample size for MPAC/RTS comparisons is much greater, since the full data set of all DUT orientations can be used in this study

Observation 3: The lowest harmonized MU for the MPAC/RC combination is 5.7 dB with Option D; however, the robustness results indicate that at the 95% outage level this uncertainty has the potential to increase by nearly 2 dB
Observation 4: The largest harmonization bias occurred with Option C for both methodologies (1.6 and 3.0 dB for MPAC/RC and MPAC/RC+CE, respectively); this option represents an attempt to harmonize all channel models captured in TR 37.977 without a-priori down-selection together with an averaging approach for MPAC and RTS across DUT positions; the harmonized MU for this option is 8.7 and 7.9 dB for MPAC/RC and MPAC/RC+CE, respectively
Proposal 1: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RC harmonization options provide uncertainties in the range of 5.7 to 9.1 dB and the MPAC/RC+CE options in the range of 6.8 to 7.9 dB.  As a result of this outcome, it is proposed to declare harmonization between MPAC and RC and MPAC and RC+CE methodologies as unsuccessful at this time, and to not include RC and RC+CE in the next phase of the work to define performance requirements until such time as the uncertainties associated with RC and RC+CE can be resolved.
In a discussion on the MPAC/RTS alignment in [15], the following conclusion is made:

The implications of these latest findings indicate that further work is needed to align channel model implementations, in particular how different channel model implementations behave with antennas other than the dipole used for the channel model validation in 37.977.

Based on this conclusion, once alignment on CM implementations can be demonstrated across different device types and CM vendors, the harmonized MU of MPAC and RTS is expected to be substantially reduced.
Proposal 2: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RTS harmonization options provide uncertainties in the range of 4.6 to 5.9 dB.  Based on the MPAC/RTS alignment activities described in [8], [9], and [15] investigations into better alignment between these methodologies are ongoing, and the harmonized MU of MPAC and RTS is expected to be substantially reduced.  It is proposed to allow for this activity to continue in parallel with the next phase of the work to define performance requirements and to include RTS as a harmonized methodology once alignment on CM implementations in both methods can be demonstrated across different device types and CM vendors.
Proposal 3: At the beginning of the performance requirement phase of the Work Item, an activity to verify the alignment of the participating labs in terms of test reproducibility will be undertaken.
Proposal 4: Any methodologies and/or implementations that required modification due to any outcome in Proposal 2 or for any other reason would be required to demonstrate alignment on CM implementations across different device types and CM vendors at the beginning of the performance requirement phase of the Work Item.
3
Conclusion

This contribution has presented an analysis of the harmonization data and has shared the following observations:

Observation 1: By virtue of being a “separate test cases” option, Option A has the largest sample size, thereby increasing the confidence in the residual errors calculated for this option; this is evident in the harmonization bias results:  by adding a single DUT to the analysis, the residual error increased by less than 0.5 dB

Observation 2: The potential sample size for MPAC/RTS comparisons is much greater, since the full data set of all DUT orientations can be used in this study

Observation 3: The lowest harmonized MU for the MPAC/RC combination is 4.8 dB with Option D; however, the robustness results indicate that at the 95% outage level this uncertainty has the potential to increase by nearly 2 dB; further, the bias results indicate that by adding a single DUT, the residual error increased by 1.8 dB with this option

Observation 4: The largest harmonization bias occurred with Option C for both methodologies (1.6 and 3.0 dB for MPAC/RC and MPAC/RC+CE, respectively); this option represents an attempt to harmonize all channel models captured in TR 37.977 without a-priori down-selection together with an averaging approach for MPAC and RTS across DUT positions; the harmonized MU for this option is 8.7 and 7.9 dB for MPAC/RC and MPAC/RC+CE, respectively

The following proposals have been made:
Proposal 1: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RC harmonization options provide uncertainties in the range of 5.7 to 9.1 dB and the MPAC/RC+CE options in the range of 6.8 to 7.9 dB.  As a result of this outcome, it is proposed to declare harmonization between MPAC and RC and MPAC and RC+CE methodologies as unsuccessful at this time, and to not include RC and RC+CE in the next phase of the work to define performance requirements until such time as the uncertainties associated with RC and RC+CE can be resolved.
Proposal 2: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RTS harmonization options provide uncertainties in the range of 4.6 to 5.9 dB.  Based on the MPAC/RTS alignment activities described in [8], [9], and [15] investigations into better alignment between these methodologies are ongoing, and the harmonized MU of MPAC and RTS is expected to be substantially reduced.  It is proposed to allow for this activity to continue in parallel with the next phase of the work and to provisionally define performance requirements using both RTS and MPAC. A final decision on RTS/MPAC harmonization can be taken once alignment on CM implementations in both methods can be demonstrated across different device types and CM vendors.

Proposal 3: At the beginning of the performance requirement phase of the Work Item, an activity to verify the alignment of the participating labs in terms of test reproducibility will be undertaken.
Proposal 4: Any methodologies and/or implementations that required modification due to any outcome in Proposal 2 or for any other reason would be required to demonstrate alignment on CM implementations across different device types and CM vendors at the beginning of the performance requirement phase of the Work Item.
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