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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 testing activity, undertaken during the summer of 2015, has completed, and the entire data set has been submitted in [4].  A number of analyses were submitted and discussed during the RAN4 #76 meeting in [5], [6], [7], [8], and [9].

In this paper further analysis of the harmonization data is presented to evaluate the test case proposal in [11] and to derive the hybrid composite bound [10] from the measured ADTF data explicitly.  This analysis paper seeks approval on a number of proposals to drive the harmonization outcome of the Work Item.
2
Discussion

2.1
Overview

The motivation to provide further harmonization analysis in this paper lies in the need to evaluate the test case definition proposed in [11].  Prior analysis in [5] contains options that are similar to the ones of interest, but it was found that further elaboration was necessary.  Prior analyses in [6], [7], and [8] contributed to the full analysis in [9], which resulted in an agreed CR to TR 37.977 [12] that captured a number of harmonization options in Clause 10.3.5.  This paper improves the analysis in [9] as summarized below:
· In this report, results from RC and RC+CE methodologies were taken from runs with a higher number of subframes (20000 subframes per stirring state per downlink power level) rather than the runs which utilized 400 subframes.  This removes the impact of additional measurement uncertainty on the harmonization outcome.
· This report introduces new harmonization options.
All calculations associated with the analysis in this paper are collected in the spreadsheet attached to this contribution.
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 2.2-1 below summarizes the outage values at 70% maximum throughput for each methodology from the results summarized in Clause 10 of the TR.
Table 2.2-1: 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


As a possible way to quantify the selection of any potential harmonization options, a bound based on ADTF measurements was defined in [10].  The hybrid composite bound (HCB) [10] is defined by two terms: (1) accuracy and (2) repeatability.
In the context of the HCB, accuracy is defined as:
The lab adopted to run all harmonization measurements, shall provide data on ADTF [3]

adopting at least one DUT in band 7,band 13 and B41 in RC, RC+CE, two-stage (radiated) and MPAC

test methodologies. The difference between ADTF conducted and OTA measurements shall be no

higher than observed for B13 in the previous WI for the criteria B to determine test methodology

validation. The ADTF outage should be defined over the larger variation between conducted and OTA

value over 70% maximum data throughput
One interpretation of this definition is to compute the accuracy term as the difference between the OTA and conducted ADTF results (and to take the median across all OTA-conducted deltas).
In the context of the HCB, repeatability is defined as:

Once ADTF is performed and the lab demonstrated that the conducted results are

properly emulated in OTA environment, the lab must perform OTA repeatability in each band (FDD 7,

13, TDD 41) to assess the lab repeatability (suggested 5 OTA measurements in RC, RC+CE, MPAC

and 2-stage-radiated,. Between each repeatability measurement the MIMO OTA system shall be

completely shut down and the EUT repositioned. The repeatability shall be lower than it was observed

for B13 in the previous WI and the repeatability outage should be defined over the larger variation

between conducted and OTA value over 70% maximum data throughput
One interpretation of this definition is to compute the repeatability term as the spread in the OTA results.
The ADTF tabs in the attached spreadsheet contain all analysis steps for both of these quantities for the RC, RC+CE, MPAC, and RTS methodologies.  We observe that the repeatability of the conducted results also impacts the overall repeatability of the outcome, and this term has been included.  Each individual measurement run from the conducted results is associated with each (a) methodology (b) band and (c) DUT model combination. This approach was used for all of the HCB calculations.  All accuracy and repeatability metrics have been calculated at the 70% outage point.
The largest HCB for MPAC occurs for the Band 7 SCMe UMa combination and is shown in Figure 2.2-1 below.
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Figure 2.2-1: MPAC Band 13 SCMe UMi HCB results

The largest HCB for RC+CE occurs for the Band 7 SDLC combination and is shown in Figure 2 below.
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Figure 2.2-2: RC+CE Band 7 SDLC HCB results

Tables 2.2-1 and 2.2.-2 below summarize the accuracy and repeatability results from all ADTF measurements made during the 2015 harmonization effort [4].  All values are calculated at the 70% throughput outage points.
Table 2.2-2: Accuracy results from ADTF measurements

	Band
	RC NIST
	RC+CE HCLD
	RC+CE LCSD
	MPAC UMa
	MPAC UMi
	RTS UMa
	RTS UMi

	13
	0.1
	2.1
	2.0 (1)
	0.4
	0.4
	0.3
	0.4 (1)

	7
	2.0 (1)
	3.2 (1)
	3.6 (1)
	0.4
	0.4
	0.7
	0.7 (1)

	41
	0.9
	1.6
	1.7
	0.6
	0.6
	
	

	Worst case
	2.0
	3.6
	0.6
	0.7

	Median
	0.9
	2.0
	0.4
	0.5

	NOTE 1: Accuracy error exceeds ADTF results from Clause 10 of TR 37.977


Table 2.2-3: Repeatability results from ADTF measurements

	Band
	RC NIST
	RC+CE HCLD
	RC+CE LCSD
	MPAC UMa
	MPAC UMi
	RTS UMa
	RTS UMi

	13
	0.9
	0.9
	1.0
	0.8
	1.3
	0.7
	0.5

	7
	0.6
	0.8
	0.6
	2.3
	1.7
	0.4
	0.2

	41
	1.0
	1.5
	0.8
	1.5
	1.1
	
	

	Worst case
	1.0
	1.5
	2.3
	0.7

	Median
	0.9
	0.9
	1.4
	0.5


Observation 2.2-1: The accuracy term in all MPAC ADTF results is at most 0.6 dB with a median of 0.4 dB and is aligned with the results in Clause 10 in TR 37.977 [3] (shown in Table 2.2-1).
Observation 2.2-2: The conducted + OTA repeatability terms in all MPAC ADTF results ranges from 0.8 to 2.3 dB with a median of 1.4 dB.  A lower value is expected; e.g. 0.058 dB has been provided in [13] for OTA repeatability, and a worst case peak to peak delta of 0.22 dB was observed for conducted repeatability in [17] over all bands and channel models.
Observation 2.2-3: The accuracy term in all RC+CE ADTF results ranges from 1.6 to 3.6 dB with a median of 2.0 dB.  Results for some bands (highlighted by NOTE 1 in Table 2.2-2) exceed the results in Clause 10 TR 37.977 [3] (shown in Table 2.2-1).  Further clarification to understand this outcome and to reflect it in the measurement uncertainty budget is recommended.
Observation 2.2-4: The conducted + OTA repeatability term in all RC+CE ADTF results ranges from 0.6 to 1.5 dB with a median of 0.9 dB.
Observation 2.2-5: The accuracy term in all RTS ADTF results ranges from 0.3 to 0.7 dB with a median of 0.5 dB.  Results for some bands (highlighted by NOTE 1 in Table 2.2-2) exceed the results in Clause 10 TR 37.977 [3] (shown in Table 2.2-1).  Further clarification to understand this outcome and to reflect it in the measurement uncertainty budget is recommended.

A summary of conducted and radiated results is shown in Table 2.2-4 below. All values are calculated at the 70% throughput outage points.
Table 2.2-4: Conducted vs. radiated summary

	Band
	Conducted
	OTA (lin avg)
	Conducted
	OTA

	
	RC+CE HCLD
	MPAC UMa
	RTS UMa
	RC+CE HCLD
	MPAC UMa
	RTS UMa
	MPAC/RTS Err
	MPAC/RTS Err

	13
	-99.7
	-97.3
	-96.7
	-97.5
	-97.0
	-96.8
	0.6
	0.3

	7
	-99.5
	-94.7
	-93.4
	-96.2
	-94.9
	-94.0
	1.4
	0.9

	41
	-99.0
	-96.6
	
	-97.3
	-96.1
	
	
	

	Band
	Conducted
	OTA (lin avg)
	Conducted
	OTA

	
	RC+CE LCSD
	MPAC UMi
	RTS UMi
	RC+CE LCSD
	MPAC UMi
	RTS UMi
	MPAC/RTS Err
	MPAC/RTS Err

	13
	-105.2
	-102.2
	-103.6
	-103.1
	-102.3
	-103.3
	1.4
	1.0

	7
	-105.6
	-100.9
	-99.4
	-102.0
	-101.0
	-100.0
	1.4
	0.9

	41
	-106.0
	-101.8
	
	-104.3
	-101.3
	
	
	


Observation 2.2-6: Conducted results for both RC+CE channel models appear to be band-invariant (difference in performance does not exceed 0.7 dB). Given that performance differences are expected across high and low band designs of the NOMINAL reference antenna as well as the channel model, this apparent band invariance raises the need for further clarification.
Observation 2.2-7: Differences in conducted results between RTS and MPAC are as high as 1.4 dB. Further clarification on the antenna patterns used in the conducted portion of the test by RTS is requested.
_____________________________________________________________________________________

Proposal 2.2-1: To ensure that harmonization results hold for all methodologies’ implementations across different labs, a term associated with the ADTF accuracy shall be added to the harmonized MU of each harmonization option.  This term shall be selected as the worst case value of ADTF accuracy results from each methodology (see Table 2.2-2).

2.3
Impact of Continuous Stirring and Reduction of Number of Subframes in RC and RC+CE
With the understanding that RC and RC+CE methodologies intend to test actual devices using continuous stirring with a low number of subframes (such as 400 SF per stirring state per power step), it is useful to perform an analysis of the impact of this test case parameter on the overall uncertainty of the harmonization options associated with RC and RC+CE methodologies.

The majority of RC and RC+CE measured data contains both the stepped stirring measurement runs with 20,000 subframes per stirring state per power step and the continuous stirring runs with 400 subframes per stirring state per power step.  The only exception to this is the S4 data in Band 7 where results with 400 subframes were the only ones available.

In an effort to quantify the impact of utilizing continuous stirring with a reduced number of subframes, the following procedure was followed for each device in each band:

· Four reference values are calculated from the data collected with stepped stirring and20,000 subframes:
· 95% throughput point with linear averaging
· 70% throughput point with linear averaging
· 95% throughput point with inverse averaging
· 70% throughput point with inverse averaging

· An average throughput curve is extracted from the runs utilizing continuous stirring with 400 subframes, and the 95% and 70% throughput points were extracted
· Four deltas are computed for each combination at the 95% and 70% throughput points, respectively

· A cumulative distribution function for each delta above is computed

Figure 2.3-1 below illustrates the impact of two effects combined: undersampling and going from stepped stirring to continuous stirring; this effect is termed “undersample error.”
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Figure 2.3-1: Distribution of errors due to undersampling in RC and RC+CE

Observation 2.3-1: Considering the medians of all of the undersampling error distributions, undersampling errors of 3.9 dB for RC and 1.3 dB for RC+CE are observed in the worst cases.
_______________________________________________________________________________________
Proposal 2.3-1: An undersampling error of 3.9 dB for RC and 1.3 dB for RC+CE, corresponding to the worst-case results in the above analysis, shall be used when calculating the total measurement uncertainty of the harmonization options.
2.4
Harmonization Parameters

The following harmonization options, summarized in Table 2.4-1 below, are considered in the analysis:
Table 2.4-1: Summary of harmonization options analysed in this paper
	Parameter
	Option A
	Option B
	Option C
	Option D
	Option E
	Option F
	Option G

	Max TPT per measured curve assumption
	Maximum expected per MCS
	Maximum expected per MCS
	Maximum expected per MCS
	Maximum expected per MCS
	Maximum expected per MCS
	Maximum expected per MCS
	Maximum expected per MCS

	Throughput outage value
	Residual error evaluated at 70% and 95%
	Residual error evaluated at 70% and 95%
	Residual error evaluated at 70% and 95%
	Residual error evaluated at 70% and 95%
	Residual error evaluated at 70% and 95%
	Residual error evaluated at 70%
	Residual error evaluated at 70% and 95%

	Outage point search method
	First intersect search high TPT to low
	First intersect search high TPT to low
	First intersect search high TPT to low
	First intersect search high TPT to low
	First intersect search high TPT to low
	First intersect search high TPT to low
	First intersect search high TPT to low

	Averaging method across outage points
	Linear across mW
	Linear across mW
	Inverse of avg of inverse mW values
	Linear across mW
	Inverse of avg of inverse mW values
	Inverse of avg of inverse mW values
	Linear across mW

	DUT positions in MPAC
	P 45 and L 45 (separate test cases)
	P 45 and L 45 (separate test cases)
	Avg {P 45, L 45, P 90} (single test case)
	Avg {P 45, L 45, P 90} (single test case)
	Avg across all 8 pos. (single test case)
	Avg across all 8 pos. (single test case)
	Avg across all 8 pos. (single test case)

	Channel Models
	UMa, UMi, NIST, LCSD, HCLD
	UMa, NIST, HCLD
	UMi, NIST, LCSD
	UMi, NIST, LCSD
	UMi, NIST, LCSD
	UMi, NIST, LCSD
	UMa, UMi, NIST, LCSD, HCLD


2.5
Analysis of the Robustness Test

Option G is used to evaluate the robustness of harmonization by:

1. Initially select Option G and calculate the harmonized MU

2. If harmonization is deemed successful for Option G, then reduce to minimum # of positions and calculate the harmonized MU using the same offsets from step #1

3. Evaluate harmonization robustness be determining the impact on harmonized MU from step #2

4. The number of channel models can be later reduced conditionally to the overall success of harmonization among all models in step #3.

The robustness test was carried out by selecting an optimal set of offsets for Option G and the systematically removing a single DUT position from the MPAC data set and recalculating the residual errors for the same set of offsets.  Figure 2.5-1 below illustrates the results, where the y axis in the plots quantifies the residual error r term.
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Figure 2.5-1: Robustness test results

Observation 2.5-1: In Band 13 residual errors between RC+CE and MPAC exceed 3 dB for all cases; in Band 7 residual errors exceed 1.0 dB for cases when 4 or fewer orientations are used; in Band 41 the residual errors are never below 1.5 dB.
Observation 2.5-2: The residual errors between MPAC and RC are not observed to be below 4.0 dB. The robustness test gives a strong indication that the harmonization of MPAC and RC methodologies by using band-specific fixed offsets is not feasible.
Observation 2.5-3: No devices tested in this campaign supported the antenna test function for the TDD Band 41. Further investigation into the RTS method's support for TDD bands in general is requested. The robustness test gives a strong indication that the harmonization of MPAC and RC+CE methodologies by using band-specific fixed offsets is either infeasible or carries with it a significant measurement uncertainty cost.
2.6
Analysis of Harmonization Options
We begin the analysis of the measurement uncertainty impact of each harmonization option by listing the various uncertainty terms proposed (Table 2.6-1). 
Table 2.6-1: Summary of uncertainty terms
	Method
	MU
	ADTF error
	Add'l bias
	Undersample Err

	RC
	1.86
	2.00
	TBD
	3.9

	RC+CE
	2.59
	3.62
	TBD
	1.3

	RTS
	2.08
	0.71
	TBD
	0

	MPAC
	2.65
	0.58
	TBD
	0


Table 2.6-2 below summarizes the harmonization results.

Table 2.6-2: Proposed harmonization options

	
	RC/MPAC
	RC+CE/MPAC
	RTS/MPAC
	All

	Option
	Band
	r
	h
	r
	h
	r
	h
	h

	A
	13
	4.9
	13.2
	1.2
	9.3
	1.0
	4.4
	13.2

	
	7
	4.5
	12.8
	2.7
	10.8
	3.0
	6.4
	12.8

	
	41
	5.8
	14.1
	1.9
	10.0
	
	3.9
	14.1

	B
	13
	2.8
	11.1
	1.2
	9.3
	1.0
	4.4
	11.1

	
	7
	3.2
	11.5
	1.9
	10.0
	3.0
	6.4
	11.5

	
	41
	2.8
	11.1
	1.9
	10.0
	
	3.9
	11.1

	C
	13
	1.7
	10.0
	0.5
	8.5
	0.3
	3.9
	10.0

	
	7
	1.4
	9.7
	0.8
	8.9
	0.7
	4.0
	9.7

	
	41
	1.2
	9.6
	0.7
	8.8
	
	3.9
	9.6

	D
	13
	2.1
	10.5
	0.8
	8.9
	0.6
	3.9
	10.5

	
	7
	1.4
	9.8
	0.8
	8.9
	0.8
	4.2
	9.8

	
	41
	1.4
	9.7
	0.8
	8.9
	
	3.9
	9.7

	E
	13
	1.4
	9.7
	0.4
	8.5
	0.5
	3.9
	9.7

	
	7
	1.2
	9.5
	0.5
	8.5
	0.2
	3.9
	9.5

	
	41
	1.2
	9.5
	0.4
	8.5
	
	3.9
	9.5

	F
	13
	0.6
	9.1
	0.2
	8.3
	0.5
	3.9
	9.1

	
	7
	0.3
	9.1
	0.3
	8.4
	0.1
	3.9
	9.1

	
	41
	0.2
	9.1
	0.1
	8.2
	
	3.9
	9.1

	G
	13
	7.6
	15.9
	4.1
	12.2
	1.2
	4.6
	15.9

	
	7
	4.1
	12.5
	0.8
	8.9
	1.4
	4.7
	12.5

	
	41
	5.0
	13.3
	1.6
	9.7
	
	3.9
	13.3


Observation 2.6-1: When accounting for all uncertainty terms, such as ADTF error and undersampling error, the measurement uncertainty associated with any of the harmonization options between RC and MPAC and RC+CE and MPAC exceeds 8.0 dB.
Observation 2.6-2: The minimum harmonized uncertainty for MPAC and RTS is 3.9 dB; given the discrepancies observed with the ADTF conducted results, there may be an opportunity for improvement in this harmonization option, and further study into this topic should not be precluded.
Proposal 2.6-1: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RC harmonization options provide uncertainties in the range of 8.9 to 13.1 dB and MPAC/RC+CE in the range of 8.0 to 10.6 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 2.6-2: The alignment between MPAC and RTS across four devices has been shown to fall in the range of -0.83 dB to 0.55 dB averaged across 8 orientations [19]. One out of 8 orientations with UMa (i.e. in 6% of the results) was found to be less well aligned and is under investigation. Based on the analysis of the RTS/MPAC harmonization options, uncertainties in the range of 3.9 to 6.4 dB have been shown.  Given the analysis shown in [19] further investigation into further alignment is merited, and a starting point for further steps could be taken from the relevant discussion in [18].
3
Conclusion

This contribution has provided further analysis of the ADTF data and the measured DUT data in support of three harmonization options.  Harmonization Option 2.2-1 in this report conforms to the MIMO OTA test case proposal in [11].  The following are proposals per clause of this document are based on this analysis:
Analysis of ADTF Results (Clause 2.2)

Proposal 2.2-1: To ensure that harmonization results hold for all methodologies’ implementations across different labs, a term associated with the ADTF accuracy shall be added to the harmonized MU of each harmonization option.  This term shall be selected as the worst case value of ADTF accuracy results from each methodology (see Table 2.2-2).
Impact of Continuous Stirring and Reduction of Number of Subframes in RC and RC+CE (Clause 2.3)
Proposal 2.3-1: An undersampling error of 3.9 dB for RC and 1.3 dB for RC+CE, corresponding to the worst-case results in the above analysis, shall be used when calculating the total measurement uncertainty of the harmonization options.

Analysis of Harmonization Options (Clause 2.6)

Proposal 2.6-1: Based on the analysis of the harmonization campaign results it can be seen that MPAC/RC harmonization options provide uncertainties in the range of 8.9 to 13.1 dB and MPAC/RC+CE in the range of 8.0 to 10.6 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 2.6-2: The alignment between MPAC and RTS across four devices has been shown to fall in the range of -0.83 dB to 0.55 dB averaged across 8 orientations [19]. One out of 8 orientations with UMa (i.e. in 6% of the results) was found to be less well aligned and is under investigation. Based on the analysis of the RTS/MPAC harmonization options, uncertainties in the range of 3.8 to 6.2 dB have been shown.  Given the analysis shown in [19] further investigation into further alignment is merited, and a starting point for further steps could be taken from the relevant discussion in [18].
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