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1
Introduction
The MIMO OTA Work Item [1] is scheduled to conclude during the RAN #76 meeting in June 2017.  This contribution examines the progress of the work and proposed an approach toward concluding the Work Item.
2
Discussion

2.1
General

The latest status report on the Work Item [2] itemizes the following remaining open issues:
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The approved exception sheet for the Work item extension [3] itemizes the remaining open high-level topics:
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2.2
Performance tasks
The results of the recently completed alignment activity between two MPAC labs have been analysed in [7] with the following conclusions:
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With the submission of alignment results from a third lab to the RAN4 #83 meeting in [8], the analysis has been updated to include these results, and a draft of this analysis has been shared on the MIMO OTA reflector.  The conclusions from the report are as follows:
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It is proposed to approve the package of proposals from the updated lab alignment analysis as the RAN4 MIMO OTA recommendation for further MIMO OTA work plan discussions during the upcoming RAN #76 meeting.

Proposal 1: The RAN4 lab alignment activity has uncovered a number of alignment issues between labs, and a root-cause investigation is needed together with adequate support by the interested companies.  Any progress on MIMO OTA performance requirements shall include the outcome of this investigation and, if needed, any additional validation procedures to be captured in TR37.977.

Proposal 2: While the lab alignment root-cause investigation continues, Lab3 shall be considered the reference MPAC lab.  MIMO OTA performance requirement definition can continue using results from Lab3 or from other labs demonstrating alignment with Lab3.
Proposal 3: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.
With TRMS data already submitted by two companies in [10] and [12] for the purpose of defining MIMO OTA performance requirements, progress on the lab alignment issues is critical to ensure that 3GPP can deliver the performance part of the work item to GCF.

2.3
Harmonization tasks
With the harmonization measurement data submitted to RAN4 #83 in [11], an analysis of the results has been prepared in [12].  It is proposed to approve the package of proposals from this analysis with the overall goal of completing the harmonization part of the MIMO OTA work item in Rel-14.
Proposal 4: For all FDD bands tested in the MPAC/RC+CE harmonization, the harmonization cost varies between 1.19 and 2.58 dB; this exceeds the harmonization targets in these bands and, therefore, harmonization between MPAC and RC+CE cannot be confirmed for FDD.

Proposal 5: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target.  Therefore, harmonization between MPAC and RC+CE cannot be confirmed for TDD.

Proposal 6: For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.

Proposal 7: Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization have been proposed, based on the current understanding of the RTS methodology capabilities:

1. The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported
2. The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment
3. The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors
4. There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.
5. RTS is harmonized for FDD bands. TDD harmonization has not been confirmed.
3
Proposals

This paper has reviewed the current progress of the MIMO OTA Work Item and has made the following proposals:

Proposal 1: The RAN4 lab alignment activity has uncovered a number of alignment issues between labs, and a root-cause investigation is needed together with adequate support by the interested companies.  Any progress on MIMO OTA performance requirements shall include the outcome of this investigation and, if needed, any additional validation procedures to be captured in TR37.977.

Proposal 2: While the lab alignment root-cause investigation continues, Lab3 shall be considered the reference MPAC lab.  MIMO OTA performance requirement definition can continue using results from Lab3 or from other labs demonstrating alignment with Lab3.
Proposal 3: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.
Proposal 4: For all FDD bands tested in the MPAC/RC+CE harmonization, the harmonization cost varies between 1.19 and 2.58 dB; this exceeds the harmonization targets in these bands and, therefore, harmonization between MPAC and RC+CE cannot be confirmed for FDD.

Proposal 5: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target.  Therefore, harmonization between MPAC and RC+CE cannot be confirmed for TDD.

Proposal 6: For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.

Proposal 7: Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization have been proposed, based on the current understanding of the RTS methodology capabilities:

1. The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported
2. The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment
3. The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors
4. There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.
5. RTS is harmonized for FDD bands. TDD harmonization has not been confirmed.
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Performance tasks


Discussion and agreement are needed on the performance requirement framework


Requirements, tolerance, and MU package for the bands listed in the WID


Harmonization tasks


Harmonization and analysis framework and harmonization cost, including the open items identified in the WID


Discussion and agreement on the Chi-square MU element is needed for RC+CE test setups that do not pass the Chi-squared limit


Channel model implementation limits/tolerances are needed for the RC+CE and RTS methods


Harmonization work plan is needed for the RTS method


An isolation requirement for the RTS 2nd stage is needed


If using multiple labs for harmonization, the lab alignment procedure for harmonization tasks may be needed


Harmonization outcome





Tasks within work which are not complete


Requirements, tolerance, and MU package for the device types and bands listed in the WID


Harmonization outcome





With a spread in results reaching values of 10 dB or more, it may not be possible to define performance requirements for TRMS with any reasonable confidence in distinguishing passing and failing UEs.  With the MIMO OTA Work Item having reached its final meeting, one option for the group to consider is to capture a summary of the analysis provided in this paper into TR37.977 and to inform GCF that although the TRMS measurement methodology has been adequately described in the specification with a reference methodology identified as an outcome of the Rel-13 work, it is not possible for RAN4 to develop TRMS performance requirements due to the lack of alignment of the measurement solutions.





Option 1: Capture a summary of the analysis provided in this paper into TR37.977 and inform GCF that it is not possible for RAN4 to develop TRMS performance requirements due to the lack of alignment of the measurement solutions.





However, indications that efforts have been taken by interested companies to root-cause the alignment issues and to develop additional verification procedures and common parameter profiles do exist and may motivate an alternative way forward.





Option 2: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.





Clearly, Option 2 is the preferred approach from the perspective of the original motivation for the MIMO OTA work, from the motivation which GCF provided by tasking RAN4 to define these requirements, and also from the perspective of maintaining confidence in the OTA testing community as the NR mmWave specification work is ramping up in RAN4.  We further note that a potential extension of the MIMO OTA Work Item would cross the release boundary into Rel-15 and may face significant scrutiny in RAN.





In the case of Lab1, power verification procedures and absolute performance in B13 can be identified as key issues.  Alignment between Lab1 and Lab3 was achieved in B13 only in terms of the correlation of P_MODEs (not in terms of the absolute metrics), and absolute alignment was achieved in B7 and B41.  In the case of Lab2, incorrect uplink power control settings and a number of undiagnosed instabilities in B7 precluded alignment with either Lab1 or Lab3; a re-test in B13 showed potential for improved alignment.





With a spread in results between Lab2 and Lab1/Lab3 reaching values of 11 dB or more, the importance of aligning the test parameter settings and procedures of the various implementations of the MPAC system across labs has been highlighted.  From the perspective of GCF, it may not be possible to execute lab alignment round-robin tests or lab audits on a regular basis, so the outcome of the RAN4 alignment activity should not just conclude that alignment is possible but also identify root causes in order to enable the testing ecosystem to deliver the MIMO OTA test procedure to RAN5 and GCF.





Proposal 1: The RAN4 lab alignment activity has uncovered a number of alignment issues between labs, and a root-cause investigation is needed together with adequate support by the interested companies.  Any progress on MIMO OTA performance requirements shall include the outcome of this investigation and, if needed, any additional validation procedures to be captured in TR37.977.





Considering the successful alignment outcomes, we observe that Lab1 and Lab3 have aligned in B7 and B41, while a retest in Lab2 has aligned with Lab3 in B13.  Thus, we may consider Lab3 as the reference MPAC lab in order to both facilitate any future lab alignment activities and also to enable progress on performance requirement work in MIMO OTA in parallel.





Proposal 2: While the lab alignment root-cause investigation continues, Lab3 shall be considered the reference MPAC lab.  MIMO OTA performance requirement definition can continue using results from Lab3 or from other labs demonstrating alignment with Lab3.





With the Rel-14 MIMO OTA Work Item having reached its final meeting, it may not be possible to resolve the above issues and to agree on performance requirements within this meeting.  Therefore, it may not be possible to meet the work item’s objective in Rel-14.  Any potential extension spanning the Rel-15 boundary is expected to be met with significant scrutiny at the RAN WG level, and a clear plan with regards to Proposal 1 and 2 is needed in order to motivate any potential extension of the MIMO OTA WI.





Proposal 3: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.
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