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1
Introduction
This document discusses the potential conclusions that can be drawn from the Release 13 MIMO OTA WI that reaches its last meeting, this one. By this meeting it’s considered that sufficient data has been gathered along the previous months/years in order to be able to take a timely decision with regards what method/s to use for LTE MIMO OTA testing.
2
Background
The following is the “draft” analysis of the harmonization effort considering all previous decisions being made towards deciding whether harmonization has been successful:
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RC 1,9 1,3 1,2 0

RC+CE 2,6 1,6 1,6 0

RTS 2,1 0,6 0,6 0

MPAC 2,7 0,9 0,9 0
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13 0,9 4,4 0,3 4,5 0,1 3,6 0,3 4,5 0,9 5,1

7 0,6 4,1 0,5 4,7 0,4 3,9 0,5 4,7 0,6 4,8

41 0,2 3,8 0,4 4,6 TBD TBD TBD TBD

13 1,2 4,7 0,6 4,8 0,2 3,7 0,6 4,8 1,2 5,4

7 0,6 4,1 0,5 4,7 0,4 3,9 0,5 4,7 0,6 4,8

41 0,3 3,8 0,4 4,5 TBD TBD TBD TBD

13 4,1 7,6 0,9 5,1 0,9 4,4 0,9 5,1 4,1 8,3

7 3,2 6,7 0,6 4,8 0,7 4,2 0,7 4,9 3,2 7,4

41 3,5 7,0 1,1 5,3 TBD TBD TBD TBD

Option C is based on inverse averaging

Options D and G are based on regular averaging

Informational Flags

RC&CE: Z3 did not reach 95% TP for 1/120 states for UMa channel model in Band 13

RC&CE: Z3 did not reach 95% TP for 2/120 states for UMa channel model in Band 7

RC&CE: S5 did not reach 95% TP for 1/120 states for UMa channel model in Band 41
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Note 1: ADTF error “x” can be calculated as regular average or linear average, each has been used depending on the whether the Harmonization Option (C, D or G.3) uses regular or inverse average.

Note 2: ADTF error “x” has been calculated for each method based on the latest test campaign in January 2016, and compromises made during AH meeting in Budapest Jan 2016. In this regard, RC based methods ADTF could be lowered if ADTF accuracy error is reduced.

Note 3: Band 13, Band 7 and Band 41 have been tested

Note 4: In general, 3 different devices have been tested per band. These 3 devices exact devices have been tested in each of the to-be-compared methods. 

Note 5: few more devices have been proposed for testing to augment the statistics of the comparison and also to try to validate any potential assumption made towards possible harmonization, i.e. find counterexamples that proof a certain hypothesis wrong.

3
Analysis of residual errors and Harmonized MU

RC&MPAC
The following represents the cost analysis for RC&MPAC possible harmonization
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Firstly “Per band cost” has been calculated taking each method as a reference. In consequence we can see the cost of harmonization on a per band basis (since the harmonized MU is not the same for all bands) from each method perspective.

Secondly, it is understood that in order to be harmonized, the harmonized MU though it can be band dependent, the harmonization as such shall work for all bands, and therefore it is needed to look at a figure of cost across all bands. Additionally it is considered that an adequate and acceptable cost figure shall be so from each method perspective, e.g. it cannot be an acceptable MU increase for one method, but unacceptable for the other. In consequence we have defined “Cost” as the max of the harmonized MUs for all bands and methods involved in the comparison.

Observation 1: For RC&MPAC can be observed that Options C, D and G.3, represent a significant MU increase of 2.6, 2.9 and 5.8dB respectively. 

RC+CE&MPAC
The following represents the cost analysis for RC+CE&MPAC possible harmonization
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Observation 2: For RC+CE&MPAC can be observed that Options C, D and G.3, represent an MU increase of 2.1, 2.2 and 2.7dB respectively. This is about 0.5, 0.7 and 3.1 dB lower than RC&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
RTS&MPAC
The following represents the cost analysis for RTS&MPAC possible harmonization
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Observation 3: For RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 1.8, 1.8 and 2.4dB respectively. This is about 0.3, 0.4 and 0.3 dB lower than RC+CE&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
RC+CE&RTS&MPAC
The following represents the cost analysis for RC+CE&RTS&MPAC possible harmonization

[image: image5.emf]Residual 

Error at 

70% [r]

Harmoniz

ed MU 

[h]

Per Band 

Cost for 

RC+CE

Per Band 

Cost for 

RTS

Per Band 

Cost for 

MPAC

Cost

13 0,3 4,5 1,9 2,4 1,8

7 0,5 4,7 2,1 2,7 2,1

41 TBD TBD

13 0,6 4,8 2,2 2,8 2,2

7 0,5 4,7 2,2 2,7 2,1

41 TBD TBD

13 0,9 5,1 2,5 3,0 2,5

7 0,7 4,9 2,3 2,8 2,2

41 TBD TBD

2,7

2,8

3,0

Option Band

C

D

G (3 

orientati

ons)

RC+CE&RTS&MPAC


Observation 4: For RC+CE&RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 2.7, 2.8 and 3dB respectively. This is about 0.9, 1 and 0.6 dB higher than RTS&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
RC&RC+CE&RTS&MPAC
The following represents the cost analysis for RC&RC+CE&RTS&MPAC possible harmonization
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Observation 5: For RC&RC+CE&RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 3.3, 3.5 and 6.4dB respectively. This is about 0.6, 0.7 and 3.4 dB higher than RC+CE&RTS&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 

Summary
In the following two figures, the summary of the cost of harmonization is presented.
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Observation 6: RAN4 has to determine and reach consensus on which of the harmonization options makes more sense from a certification, and technical perspectives.

Observation 7: It can be seen that if Option G was considered, Cost as a MU increase would be 2.4( 6.4dB

Observation 8: it can be seen that if Option D was considered, Cost as a MU increase would be 1.8( 3.5dB

Observation 9: it can be seen that if Option C was considered, Cost as a MU increase would be 1.8( 3.3dB

Observation 10: Among all the combinations of harmonization and Options (C,D,G.3), RC+CE&MPAC and RTS&MPAC harmonisations represent the lowest MU cost. Being RTS&MPAC 0.3-0.4dB lower than RC+CE&MPAC. Though still they represent significant MU increase (significant cost)

Observation 11: RTS cannot test TDD
Observation 12: Only 3 bands have been tested

Observation 13: only 3 devices have been considered as part of the harmonization for any single band

Observation 14: harmonized MU and associated costs are optimized and valid for 70% throughput, however the harmonization should be valid across other outages as it is expected that not only 70% but 95% will be part of the testing

As per Obs 12,13,14, i.e. it can be concluded that there is evident high risk of declaring any harmonization option as valid as of today. This conclusion was also recognized in the agreed WF in [4].

Observation 15: there is evident high risk of declaring any harmonization option as valid as of today

PROPOSALS

In [3] it was proposed to use inverse average, since it did not make much sense to severely penalize a device for one single bad orientation. This leads to Option C being the only one that allows inverse average to be used.

Proposal 1: To consider option C as a starting point for discussing harmonization

Proposal 2: Looking at the harmonization cost, it is proposed to consider RC+CE&MPAC and RTS&MPAC as only options for harmonization to be analysed in further detail in 3GPP. RTS&MPAC represent the lowest MU increase and should be considered as a priority, though still harmonized MU is large
Proposal 3: As per proposal 2, MPAC shows that either RC+CE or RTS seem to be candidate “harmonizable” methods. In consequence, as a minimum MPAC to be considered a 3GPP testing method for continuing to the next phase, i.e. performance requirement setting

As per Observation 15 (risk of declaring harmonization is successful due to low number of bands and devices tested together with the fact that harmonization may not hold for all KPIs, indeed residual error increases significantly in the majority of cases), it is concluded that a decision of single method shall be made in 3GPP RAN4#78. Harmonization discussions can still continue on the basis that, as earlier said, a single method is selected.
Proposal 4: Due to low number of bands and devices tested together with the fact that harmonization does not hold for all KPIs it is concluded that a decision of single method shall be made in 3GPP RAN4#78. Harmonization discussions can still continue on the basis that, as earlier said, a single method is selected.

6
Conclusion
This contribution has made the following Observations:
Observation 1: For RC&MPAC can be observed that Options C, D and G.3, represent a significant MU increase of 2.6, 2.9 and 5.8dB respectively. 

Observation 2: For RC*CE&MPAC can be observed that Options C, D and G.3, represent an MU increase of 2.1, 2.2 and 2.7dB respectively. This is about 0.5, 0.7 and 3.1 dB lower than RC&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
Observation 3: For RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 1.8, 1.8 and 2.4dB respectively. This is about 0.3, 0.4 and 0.3 dB lower than RC+CE&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
Observation 4: For RC+CE&RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 2.7, 2.8 and 3dB respectively. This is about 0.9, 1 and 0.6 dB higher than RTS&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 
Observation 5: For RC&RC+CE&RTS&MPAC can be observed that Options C, D and G.3, represent an MU increase of 3.3, 3.5 and 6.4dB respectively. This is about 0.6, 0.7 and 3.4 dB higher than RC+CE&RTS&MPAC harmonization option. It should be noted that the increase in MU is twice that amount since the MU is two sided. 

Observation 6: RAN4 has to determine and reach consensus on which of the harmonization options makes more sense from a certification, and technical perspectives.

Observation 7: It can be seen that if Option G was considered, Cost as a MU increase would be 2.4( 6.4dB

Observation 8: it can be seen that if Option D was considered, Cost as a MU increase would be 1.8( 3.5dB

Observation 9: it can be seen that if Option C was considered, Cost as a MU increase would be 1.8( 3.3dB

Observation 10: Among all the combinations of harmonization and Options (C,D,G.3), RC+CE&MPAC and RTS&MPAC harmonisations represent the lowest MU cost. Being RTS&MPAC 0.3-0.4dB lower than RC+CE&MPAC. Though still they represent significant MU increase (significant cost)

Observation 11: RTS cannot test TDD
Observation 12: Only 3 bands have been tested

Observation 13: only 3 devices have been considered as part of the harmonization for any single band

Observation 14: harmonized MU and associated costs are optimized and valid for 70% throughput, however the harmonization should be valid across other outages as it is expected that not only 70% but 95% will be part of the testing

Observation 15: there is evident high risk of declaring any harmonization option as valid as of today

And proposals:
Proposal 1: To consider option C as a starting point for discussing harmonization

Proposal 2: Looking at the harmonization cost, it is proposed to consider RC+CE&MPAC and RTS&MPAC as only options for harmonization to be analysed in further detail in 3GPP. RTS&MPAC represent the lowest MU increase and should be considered as a priority, though still harmonized MU is large

Proposal 3: As per proposal 2, MPAC shows that either RC+CE or RTS seem to be candidate “harmonizable” methods. In consequence, as a minimum MPAC to be considered a 3GPP testing method for continuing to the next phase, i.e. performance requirement setting

Proposal 4: Due to low number of bands and devices tested together with the fact that harmonization does not hold for all KPIs it is concluded that a decision of single method shall be made in 3GPP RAN4#78. Harmonization discussions can still continue on the basis that, as earlier said, a single method is selected.
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