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1
Introduction
With the Rel-12 and Rel-13 MIMO OTA Work Items [1], [3] having reached 100% completion [2], [4], a number of methodologies and their measurement uncertainty budgets have been defined and validated in [5] and a decision on the outcome of the harmonization objective of the Rel-13 WI has been agreed, such that a methodology has been selected to define the MIMO OTA performance requirements, a potential for harmonization with other methods has been identified, and a follow-up harmonization activity in parallel to the performance requirements work has been recommended [6].  However, the industry’s needs, as expressed by GCF in [7] and [8], have not yet been met, since the performance requirements for MIMO OTA have not yet been defined.  This contribution provides the motivation for creating a new Rel-14 WI to define MIMO OTA performance requirements based on the outcome of the Rel-13 MIMO OTA Work Item.
2
Discussion
RAN WG4 has completed the Rel-12 Work Item “Verification of radiated multi-antenna reception performance of UEs in LTE/HSPA” [1] and the Rel-13 Work Item “Radiated requirements for the verification of multi-antenna reception performance of UEs” [3].
The Rel-12 Work Item further specified the DUT testing conditions, listed the associated channel models, and validated the methodologies in a round-robin measurement campaign with three reference antenna devices.  The Rel-13 Work Item specified the measurement uncertainty budget for all methodologies and reached the following outcome [6]:

1. Based on measurement results obtained from the multi-probe anechoic chamber (MPAC), reverberation chamber + channel emulator (RC+CE), and radiated two-stage (RTS) methodologies, final harmonization cannot be successfully claimed. But potential for harmonization can be found. In this situation, a single method was selected according to the harmonization WID, while work on improving harmonization is deemed possible and needed

2. Select the MPAC methodology as a reference, and start new activity on the performance requirement phase for MPAC
3. Select the UMi channel model, and inverse averaging (Option C in Clause 10.3 of TR 37.977).
4. Select the following KPIs: 70% throughput and 95% throughput
5. How to treat failing of devices:

1. For 95% throughput: 2 orientations/azimuth rotations that fail are allowed. If more orientations fail then device fails test

2. For 70% throughput: 1 orientation /azimuth rotations that fail is allowed. If more orientations fail then device fails test

6. Start follow-up harmonization activity in parallel to Performance requirement activity above, for the pair or pairs of methods that have potential for harmonization

1. This follow-up activity will increase the number of devices to be tested with the aim to augment and improve harmonization

2. This follow-up activity will also increase the bands to be considered for harmonization

3. Add UMa only option (Option J) in this follow-up harmonization activity which will be tested in parallel with UMi harmonization. UMa is not excluded from future performance work

7. Due to robustness check results at 95% throughput, methods involving RC-only shall not be considered

8. RC+CE&MPAC, RTS&MPAC and RC+CE&RTS&MPAC shall be considered in the harmonization activity

9. Everything can be done in the same WI

10. Bands for performance requirement definition activity: 1,2,3,4,5,7,8,12,13,19,20,28,32,38,39,40,41,42,46. Substitution or addition of other bands, based on operator input, is not precluded.
11. The first set of bands to define requirements for and to perform harmonization activity are 2 FDD low bands, 2 FDD high bands and 2 TDD bands
12. If harmonization fails for a particular set of corresponding channel models, then that method is not applicable for testing in that particular set of corresponding channel model
13. Sample size for performance requirement: 100 measurements as a minimum

14. How to claim new harmonization activity is successful

1. Same bands (or set) as in the performance activity will be addressed in the same order, and harmonization will be checked after the performance requirement for each band (or set) is finalized.

2. How many measurements samples per band: 30 of devices used for Performance requirement phase will be used for this harmonization activity. And tested in the same lab to minimize MUs with  a controlled environment

15. Add Rayleigh validation procedure for RC+CE method
Observation 1: The outcome of the Rel-13 MIMO OTA Work Item creates a path forward for defining MIMO OTA performance requirements and test tolerances with the selected methodology in parallel with a follow-up harmonization activity.
The Rel-13 harmonization Work Item further identified the following open items:

1. Study how to perform averaging across orientations that did not fail the KPI

2. Add how to extend the concept of devices failing in MPAC as agreed in slide 5 to RC+CE method

3. Development of the procedure to validate Rayleigh

4. Think what happens if we don’t find a single lab with a controllable environment

5. Include statistical analysis to determine when to stop testing more devices for harmonization

6. Study how to find the offset

7. Study the distribution of residuals when analysing the cost
8. Study how to calculate the cost and threshold
Observation 2: Further technical efforts to improve methods not selected for the performance requirements phase and to improve the harmonization analysis are merited.

Proposal 1: The need to specify MIMO OTA performance requirements for MPAC, to define the test tolerances, and the need to continue work on improving harmonization between MPAC, RC+CE, and RTS motivate the proposed RAN4-led Rel-14 Core Work Item in [11].
To provide further background into GCF needs, an LS from GCF in [7] informed 3GPP:
The GCF Certification Criteria for OTA antenna performance have always been based upon the 3GPP Normative and Recommended performance limits in 3GPP TS 34.114 as the pass/fail criteria.  GCF wishes to continue to reference 3GPP, but notes that limits and measurement methods have still not yet been finalised for areas that are of key interest to GCF e.g. Free Space, data-centric devices, E-UTRA and MIMO.

In a follow-up LS, GCF informed 3GPP [8]:

The basis of GCF certification is harmonised test method(s), with a single performance requirement only. Therefore, for MIMO OTA, GCF would like to ask 3GPP RAN4 to harmonise the currently considered valid test methodologies towards a single OTA performance requirement, or otherwise define a single test methodology.
Observation 3: The concluded Rel-13 MIMO OTA Work Item satisfies the harmonization request from GCF, but completion of MIMO OTA performance requirements is necessary to fully address the GCF request.
Further examining the outcome of the Rel-12 MIMO OTA Work Item, the following observations were made by Vodafone in [9]:

· In a potential new WI phase, the following is recommended:

· Develop measurement uncertainty for the methods validated and specified in 37.977 v1.3.0 (Clause 12)

· Development of performance requirements for specific environments that belong to the methodologies that have been validated and specified in 37.977 v1.3.0 (Clause 12)

· After requirements based on an acceptable sufficient range of devices are set, a single and unique set of requirements shall be selected for applicable test conditions, which shall be applicable to at least one methodology

· Separate WI may need to be created if validation of additional methodologies not validated and specified in 37.977 v1.3.0 is required. This depends on the work load of this activity

In addition, a view from Orange was expressed in [10]:
The harmonization activity shall therefore be the central focus of the follow-up work on UE radiated multi-antenna reception performance in 3GPP. Harmonization means shall be investigated and developed with the understanding that the absolute values across test methodologies may not necessarily be the same. The outcome of the Work Item should be such that for a given device, one test methodology shall be sufficient to define the pass/fail decision at certification level.

Observation 4: Considering the views of some operators, the Rel-13 WI has achieved the resolution of the central focus that was intended, and the outcome of “one test methodology sufficient to define the pass/fail decision at certification level” has been reached.

This observation confirms the motivation for the proposed Rel-14 MIMO OTA Work Item in [11].
In terms of implementation of the specification, all technical aspects related to methodology definition, validation, measurement uncertainty, and harmonization have been collected in TR 37.977 [5].  The container for MIMO OTA performance requirements is TS 37.144 [12], which is currently in draft stage within the “LTE UE TRP & TRS and UTRA Hand Phantom related UE TRP and TRS Requirements” Work Item [13].  Coordination with the Rapporteur of the TRP/TRS WI to implement any MIMO OTA performance requirements agreed in the proposed Rel-14 MIMO OTA WI is anticipated.
Proposal 2: The container for the specification of all technical aspects related to methodology definition, validation, measurement uncertainty, and harmonization is TR 37.977.  The container for MIMO OTA performance requirements is TS 37.144.

3
Proposal
This document has provided a motivation for the creation of a new RAN4-led Rel-14 Core Work Item to define radiated performance requirements for the verification of multi-antenna reception of UEs, as described in the associated WID [11].  The following observations and proposals have been made:

Observation 1: The outcome of the Rel-13 MIMO OTA Work Item creates a path forward for defining MIMO OTA performance requirements and test tolerances with the selected methodology in parallel with a follow-up harmonization activity.

Observation 2: Further technical efforts to improve methods not selected for the performance requirements phase and to improve the harmonization analysis are merited.

Observation 3: The concluded Rel-13 MIMO OTA Work Item satisfies the harmonization request from GCF, but completion of MIMO OTA performance requirements is necessary to fully address the GCF request.

Observation 4: Considering the views of some operators, the Rel-13 WI has achieved the resolution of the central focus that was intended, and the outcome of “one test methodology sufficient to define the pass/fail decision at certification level” has been reached.

Proposal 1: The need to specify MIMO OTA performance requirements for MPAC, to define the test tolerances, and the need to continue work on improving harmonization between MPAC, RC+CE, and RTS motivate the proposed RAN4-led Rel-14 Core Work Item in [11].

Proposal 2: The container for the specification of all technical aspects related to methodology definition, validation, measurement uncertainty, and harmonization is TR 37.977.  The container for MIMO OTA performance requirements is TS 37.144.
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