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1 Introduction
This contribution discusses the possible follow up work for MIMO OTA WI in 3GPP after having successfully completed the work item phase. This WI phase has completed with four validated methodologies which represent three different propagation conditions to the devices under test:
- Anechoic chamber with multiprobe configuration with SCME Uma/i channel models

- Reverberation chamber with isotropic channel model

- Reverberation chamber with short and long delay channel models

- Radiated two-stage method with SCME Uma/i channel models
2 Background
During the WI phase the above methodologies have been validated and have proved useful to distinguish good from bad MIMO devices. However these four methodologies put the devices under different levels of stress providing different absolute throughput figures of merit which may require different scales for any settings of performance requirements.
Additionally through the validation process of the 4 methodologies the different methods have been compared against a range of performance indicators in order to understand the source of the differences in the results across methods as well as the main merits and limitations. The comparison is made in the form of a table which is provided here for convenience (from [1]):
	Attribute
	Reverberation Chamber
	Anechoic Chamber
	Multi-stage methods

	
	RC
	RC + CE
	Multi probe
	2 stage method rad.

	Channel Modelling aspects
	

	2D/3D

dimension over which the signals simultaneously arrive at the DUT location
	3D1
	3D1
	2D
	2D11

	Directional distribution of angles of arrival
	Random
	Random
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Channel model with controllable spatial characteristics
	no
	no
	Yes2
	Yes2

	Angular spread
	Statistically isotropic
	Statistically isotropic
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control angular spread
	no
	no
	Yes2
	Yes2

	Power delay profile
	Exponential decay
	Selected as defined by channel model in Annex C
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control power delay profile
	Partly controllable2,3
	Yes2
	Yes2
	Yes2

	UE speed
	Approximately 1Km/h
	30Km/h
	30Km/h
	30Km/h

	Ability to control UE speed
	No
	Yes2
	Yes2
	Yes2

	UE direction of travel
	N/A
	N/A
	120º as specified in Clause 8
	120º as specified in Clause 8

	Ability to control direction of travel
	N/A
	N/A
	Yes2
	Yes2

	Supported channel models
	NIST
	Short Delay Spread
Long Deay Spread
	SCME Uma
SCME Umi
	SCME Uma
SCME Umi

	BS antenna configuration
	Uncorrelated
	Selected as defined in Clause 8.5
	Selected as defined in Clause 8.5
	Selected as defined Clause 8.5

	Ability to control BS antenna configuration
	No
	Yes2
	Yes2
	Yes2

	XPR (defined in Clause 8.2)
	N/A
	N/A
	9dB
	9dB

	V/H ratio
	0dB on average
	0dB on average
	0.83 dB for SCME UMi

8.13 dB for SCME UMa
	0.83 dB for SCME UMi

8.13 dB for SCME UMa

	Ability to control XPR and V/H
	No
	No
	Yes2
	Yes2

	MIMO OTA attributes not yet tested
	

	Ability to control noise and  interference direction
	Limited4
	Limited4
	Yes2
	Yes2

	DUT size constraints
	Depends on chamber size5 and stirrer size
	Depends on chamber size5 and stirrer size
	Depends on chamber size5, and number of active antenna probes and channel emulator ports to fit required active antenna probes
	Depends on chamber size5 (SISO chamber quiet zone)

	Other Considerations
	

	Non-intrusive test mode for DUT antenna pattern measurement
	Not required
	Not required
	Not required
	Required

	Ability to distinguish performance based on device orientation relative to the field
	No
	No
	Yes
	Yes

	Major equipment elements for MIMO OTA test setup (all need MIMO BS emulator)
	MIMO capable reverberation chamber
	MIMO capable reverberation chamber

and channel emulator
	MIMO capable anechoic chamber to fit antenna probes and channel emulator
	SISO anechoic chamber with additional antenna and channel emulator

	Number of channel emulator ports7
	N/A
	4
	166
	2

	DUT antenna polarization discrimination8
	No
	No
	Yes
	Yes

	DUT Antenna radiation pattern adaptation, performance discrimination
	Feasibility study not yet performed
	Feasibility study not yet performed
	Yes9
	Feasibility study not yet performed10

	Number of independent measurements
	1 after sufficient number of stirrers states to ensure isotropy12
	1 after sufficient number of stirrers states to ensure isotropy12
	12 device rotations for 2D evaluation
	Measurement of radiation pattern in 1st stage and measurement in radiated stage for 12 rotations for 2D evaluation


Additionally in the way forward agreed in [2] RAN4 scoped the potential follow up work in the area as:

· 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
3 Discussion
Having established the background for the discussion the following is proposed to be considered in any follow up work in RAN4:
Option 1

· Develop measurement uncertainty for the methods validated and specified in [1] (Clause 12)
· After a reasonable measurement uncertainty is set for each of the methodologies, a sufficient range of devices considering different UE capabilities and devise size shall be selected
· Test conditions as a set of device orientations/use cases or device size shall be agreed as part of any future test campaign

· Consider a test campaign in order to compare and aim for harmonization of the different validated methodologies

· Test procedures for the different methods shall be based on what has been agreed and validated in [1]
· Test campaign shall not consider new test conditions previously specified in [1]
· The potential new work shall not consider new methodologies, unless they prove they are able to provide the same results than already approved methodologies in section 12 in [1]. This means no new channel model conditions, etc.
· It should be understood by 3GPP that if the core objective of this work is to harmonize methodologies, it is uncertain that they may be harmonized due to the evidences shown during [1] and as agreed in [2], and therefore it should be considered that one of the potential outcomes of this potential new work item may be to have a single methodology selection based on the merits to characterize MIMO OTA performance of all the selected devices

Option 2
· It is recognized there may be a need for follow up work in 3GPP

· Then dedicate next RAN4 meetings to discuss on the WID proposal based on the recommendations from RAN4 as well as practical expectations for the outcomes for any follow up work. In [2] it is recognized that any harmonization seems uncertain and therefore the objectives of any potential work item shall be well reasoned, and consider realistic outcomes
· This period may also be used to allow for the different operators to understand the merits and limitations of any of the validated test methodologies which may resolve the fragmented support of the different methods

· In any case the same recommendations from option 1 applies to option 2

Option 3

· It is recognized that there is no need to develop any measurement uncertainty in 3GPP as such

· Harmonization while useful it is recognized as uncertain and therefore it is not pursued in 3GPP until landscape is simplified (fragmented support disappears)

· No need to develop performance requirements since this may be time consuming for little benefit (requirements being unreasonably loose for the purpose they were specified)

· And hence consequently, it is recommended to send LS to GCF and relevant bodies on the outcomes of the work, with the validated methodologies

Proposal 1:
Due to the above, Vodafone recommends to follow option 2 and dedicate next RAN4 meetings to scope any follow up work needed in 3GPP.
4 Conclusion
Different alternatives for any potential follow up work on MIMO OTA in 3GPP have been presented. Additionally a final recommendation in the form of a proposal is given:

Proposal 1:
Due to the above, Vodafone recommends to follow option 2 and dedicate next RAN4 meetings to scope any follow up work needed in 3GPP.
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