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1
Introduction
This is the MIMO OTA adhoc minutes, summary of discussion and way forward. 
Attendees:

Vodafone, Spirent Communications, Panasonic, Elektrobit, Motorola, R&S, Orange, LGE, Anritsu, Agilent, Fujitsu, NTT DoCoMo, Telecom Italia, Sharp.
Input papers to the adhoc session:

	Treated
	Tdoc
	Type
	Subject 
	Source

	Yes
	R4-093738
	Approval
	Definition of the MIMO OTA testing for multi-antennas mounted on UE/MS
	NTT DOCOMO, Fujitsu, Sharp, PMC

	Yes
	R4-093762
	Information
	Summary of MIMO OTA informal meeting with COST2100 in Vienna
	Agilent Technologies

	Yes
	R4-093763
	Approval
	MIMO OTA Study item objectives and timeline
	Agilent Technologies

	No
	R4-093764
	Discussion
	Effective testing of MIMO OTA devices
	Agilent Technologies

	No
	R4-093765
	Discussion
	MIMO OTA figures of merit and interaction with preferred test methods
	Agilent Technologies

	Yes
	R4-093889
	Approval
	Text proposal to MIMO OTA TR for two-stage method
	Agilent Technologies

	No
	R4-093891
	Discussion
	MIMO performance evaluation of a handset MIMO antenna using an RF-controlled Spatial Fading Emulator
	Panasonic, Aalborg University, Tokyo Institute of 

	No
	R4-093930
	Discussion
	Baseline Criteria for SIMO/MIMO Radiated Performance Testing
	AT&T

	Yes
	R4-093942
	Approval
	Updated TR 25-series MIMO OTA  technical report
	Vodafone

	Yes
	R4-093944
	Approval
	TP for MIMO OTA TR on reverberation chambers methodology 
	Orange

	Yes
	R4-093951
	Discussion
	Channel Models for MIMO OTA
	Spirent

	No
	R4-093959
	Discussion
	Verification of the anechoic chamber and fading emulator based MIMO OTA method
	Elektrobit

	Yes
	R4-093960
	Approval
	Requirements for MIMO OTA test equipment
	Elektrobit

	Yes
	R4-093961
	Approval
	Way forward for the MIMO OTA discussion
	Elektrobit

	No
	R4-094055
	Approval
	Way forward for the MIMO OTA discussion
	Elektrobit


2 Way forward on MIMO OTA Study item

R4-093961, “Way forward for the MIMO OTA discussion”, Elektrobit - Noted
- This document is revised to R4-094055.
· Step 1: Create EM field around DUT

· Step 2: Test requirements

· Step 3: Compared candidate <- measurements

Group discussions:
Anritsu – View is that step 1 makes sense. Step 2 makes sense. Most of the lines are side conditions – key is FoM. Step 3 if several different FoM are agreed there are problems. Need to agree one FoM.

R&S – Clarification. When it says multi=path signals does it include single path. Throughput is one FoM. Conventional measurements like sensitivity may be included.

EB – FoM to be defined. Throughput is one assumption. For R&S figure is just indicative. Number of multipath is TBD.

Motorola – Difficult to have single solution with different FoM. Cost and complexity need to be added.

EB – Plan is to include qualitative and quantitative aspects. Complexity, usability.

Anritsu – Might be useful to rephrase support of different FoM. Need to define one set that applies to all.

Agilent – Does the creation of a multipath field rule out Agilent’s method which uses a steerable unidirectional signal to measure the complex antenna pattern in 3D?

EB – Assumption is some kind of multipath environment around the DUT is required.

Anritsu – Assumes the field can be emulated using any method including Agilent two-stage.

Sharp – Define requirements, candidate solutions. How to understand candidates? Should we choose specific solutions? Or back off and just define requirements?

EB – Candidate solutions may be misleading. Several test methods may provide same solution.

R&S – Agree. Discussing methods/methodologies for FoM. Look for compromises. Can identify commonalities.

Vodafone – Intention is not to exclude any method. Use proposal as a guideline.

R&S – Is doc approved?

Vodafone – Depends if EB wants to put it in the TR

Sharp – Premature to formally agree.

R4-093763, “MIMO OTA Study item objectives and timeline”, Agilent Technologies - Noted
· Proposal to move the SI completion date to RP #48 (June 2010) and to modify objective #3 to be less ambitious.

Group discussion:

EB – Change objectives or date not both.

Agilent – What is the role of SI vs. WI?

R&S – Supports changing date. Other groups (CTIA, COST2100) are still working on the issue.

Anritsu – To define only one solution would require uncertainty analysis that would take longer

R&S – Keep objectives and maybe delay longer. At end of SI the methodology should be agreed. WI can discuss UE requirements.

Vodafone – Come back after Jeju and decide what to extend. 

Fujitsu – Don’t need to worry about release. Fujitsu will check on need to update SI sheet.

Anritsu – Is the view that only one method to be put forward to the WI?

Sharp – It’s a complex issue. 

Agilent – SI outcome may not mandate particular implementation.

R&S – Need framework – implementation is secondary.

EB – Also wants to define requirements not system.

Vodafone – Got about 10 proposals. COST2100 measurement campaign. Revisit objective by end of year.

Motorola – Can’t complete work within timeline. Waiting another meeting will not change that. When do we think we can be done? Proposal extra 6 months. Ask COST2100/CTIA – 6 months not enough. Objectives – one methodology? Keep objective 3.

Agilent - Focus on requirements not solutions. We can agree one requirement not one solution.

Sharp – Agrees. Should focus on requirements not implementation.

R&S – "Solution" is not good wording. We could change wording.

Anritsu – Agrees with Sharp/Agilent. Focus on requirements and uncertainties not solutions

Agilent – Suggest reword objective 3

R&S – What is meant by requirements? FoM? Methodologies could not be easily compared.

Nokia – Agree with R&S. Probably want to avoid different implementations.

Fujitsu – SI should concentrate on feasibility and usefulness of feature. Then we go to WI phase. Try to avoid overlap with other groups. 

Agilent – Still don’t know what the outcome of the SI is. Can’t make progress until this is clearly defined.

Sharp – 5 months not an option, 3 or 6.

Anritsu – Must agree FoM.

EB – Has 2 contributions. Too early to make final decision to change objectives. Know more after today.

Motorola – Agree 6 month extension.

EB – TR content is clear. Different methodologies listed and compared. At end is a recommendation. Won’t see requirements for the UE, just the test methods.

Way forward on this topic:

· It is agreeable to extend the SI by 6 months (June 2010). Agilent will try to draft an updated version of study item proposal for this. 
· In the updated study item proposal, Agilent will also revise objective#3, but this is subject to further discussion and RAN plenary approval. 

· It was confirmed by chairman that to extend the SI, there is no need to fill in extension sheet. But the actual completion date of SI is important. 

· It was discussed whether to adopt EB’s 3-step procedure as general guidelines to conduct the SI. But the steps are not used to exclude any potential candidate solutions. 
3 General Requirements of MIMO OTA 

R4-093960, “Requirements for MIMO OTA test equipment”, Elektrobit - Noted
· proposal to populate the “Requirement table” skeleton agreed from last meeting
Group discussions:

Document R4-093960 was submitted to the inbox after start of ad hoc. Document to be revised but no Tdoc number yet. EB want to remove DoCoMo name and remove one item in table. DoCoMo OK with presentation of the unmodified Tdoc in the ad hoc.

Agilent – Throughput is an obvious measure but can’t conclude yet due to issues of uncertainty and possibility that SISO terminals pass relaxed MIMO tests.

Spirent – Throughput is sensitive to angle so difficult to specify.

Anritsu – Throughput as a FoM is reasonable. As we develop the SI more detail will emerge.

R&S – Frequency range. Why do we need to specify or limit it to 2.7 GHz? New bands go to 3.5 GHz. Can’t recall minimum and recommended meanings. Agreeing to this proposal for approval would like to understand what this means? UE reqs or test method?

EB – Requirement is for test system not UE. 

Motorola – Minimum and recommended are useful concepts e.g. bandwidth. Phantom element, head might be minimum, add phantom hand later.

R4-093738, “Definition of the MIMO OTA testing for multi-antennas mounted on UE/MS”, NTT DOCOMO, Fujitsu, Sharp, PMC.
· Proposal for the “Requirement table”, similar to Elektrobit’s proposal. 
Group discussions:

R&S – If CQI were FoM then some baseband would be included so figure 2 is not quite correct.

Motorola – Figure 1 makes sense. Concerns: Forcing simplified test as normative forces design. Making the end to end test informative means it will not get attention. Capturing 2D/3D antenna patterns and combining with conducted test could be a way of covering end to end.

LG – Concern of using throughput value for minimum requirement since it varies a lot with scenario. Propose two test methods be defined for minimum requirements. Operator can choose which test method will be used for own network.

R&S – 2D/3D – if 2D, always possible to have the DUT scanned (rotated).

Motorola - Paper discusses normative and informative, but normative is only 2D. Design needs to be 3D which is currently informative. Need to consider add normative to address 3D aspect. Design should target for best user experience not just to pass spec.
Sharp – Need to design for user environment. Testing is an abstraction. If test MIMO UE what is the projection of the testing against the field.

Motorola – Supports two tier concept but wants 3D added to simple version.

Agilent – Two-stage method does just the antenna in 3D coupled with conducted test thus covering the entire end to end range in a simple process. Not maybe necessary to compromise simplicity with test coverage.

Vodafone – Can we combine DoCoMo and EB table proposals?

DoCoMo – Can measure throughput with simple method.

EB – Assume throughput is the FoM

Agilent – Can’t do that until uncertainty is known.

Vodafone – Throughput is a working assumption for now but needs further study.

R4-093930, “Baseline Criteria for SIMO/MIMO Radiated Performance Testing”, AT&T
- AT&T delegate is not present in the adhoc, so the paper is not presented. 

· Proposal for the “Requirement table” similar to Elektrobit’s proposal
Way forward on this topic:

· It is agreeable that the requirement tables from EB (R4-093960) and DoCoMo (R4-093738) to be merged:
· The name of the table can be called requirement table, with minimum requirement and recommended requirement column in the table.

· Proposal 1 from (R4-093738) to split testing into normative and informative components was accepted in principle but details for what is in each group remain TBD e.g. 2D vs. 3D.

· To use “throughput” as minimum requirement may be difficult at this stage, but can be used as starting point. 

4 Status of COST2100 on MIMO OTA 

Vodafone provided a verbal update from COST2100.

Group discussion:

Vodafone – Discussion on COST2100 measurement campaign. Copies available from Vodafone. SWG2.2 went through research papers. Lots of discussion on channel models. If you need more detailed info ask.

Sharp – Can Vodafone put summary of COST2100 on the server?

Agilent – Do we have a formal liaison contact person between COST2100 and RAN4?

Vodafone – Vodafone is contact.

Agilent – Do we have a formal contact who writes up progress?

Vodafone – COST2100 more research orientated.

Sharp – Want a document on the server

Agilent – What exactly is the measurement campaign and how do we get copies?

Vodafone – COST2100 agreed based on candidate solutions in order to effectively evaluate them best way forward was to establish a voluntary measurement campaign. Vodafone agreed to supply the DUTs. Funding is by company. Objective is to evaluate how good each methodology within COST2100 is. Are in the final stage of planning the campaign. Lot of issues need to take care of. Lots of parties, need to ensure comparable results. This has happened in last few meetings and conference calls. This is open scientific collaboration. Members of 3GPP can contact COST2100 or apply to join measurement campaign.

R&S – On the purpose of measurement campaign. Different methodologies on the table. Is it somehow requested to compare different results?

Vodafone – Understanding is to base comparison on FoM agree.

R&S – Understand FoM but is it requested that any kind of methodology be tested against a certain device?

Vodafone – Will supply couple of devices to be used by all methodologies. Most methods are proposed in RAN4. COST2100 has more methods. All RAN4 methods will be evaluated in COST2100 campaign.

EB – Other DUTs also circulating.

Agilent – Concerned about FoM not yet agreed, availability of devices and test equipment some way off.

Vodafone – HSPA MIMO first. By sometime next year can do LTE.

R4-093762, “Summary of MIMO OTA informal meeting with COST2100 in Vienna”, Agilent Technologies – Noted. 
· For information only, summary of what have been discussed in Vienna (one-day informal discussion organised by Elektrobit). 
This document was presented by Agilent for information. The conclusion was this had been a useful day of further study on the issues. 
5 MIMO OTA Channel model

R4-093951, “Channel Models for MIMO OTA”, Spirent
· Compared 3 different MIMO channel models: 

a. Uniform Model
b. SCME Single Cluster
c. SCME Urban Micro
With Spatial Channel Models, including the SCME Urban Micro, and a Single Cluster model we can observe Differences in Performance based on the Antenna Characteristics

1.) Significant Differences in Spatial Correlations at each AoA

2.) Significant Differences in Branch Balance at each AoA

With Simplified Uniform Channel Models we can:


No Longer observe Differences in Performance based on Antenna Characteristics

1.) No Differences observed in Spatial Correlation at each AoA

2.) No Differences in Branch Balance at each AoA (only average value can be observed)

- Spatial Channel Models are required to observe the device antenna characteristics and corresponding MIMO performance in an OTA measurement.  

Group discussions:

Agilent – Does variation in spatial performance mean we have to test an average performance by rotating the DUT in the right environment?

Spirent – User would like isotropic antenna. Looks like peak vs. low is an important factor to specify. Doing an average pattern doesn’t work. Agilent 3 sector pattern would give a nice average but trying to send spatial signal assuming an average pattern doesn’t work.

Agilent – Agree. Measuring average antenna pattern is not the same as measuring average performance in a non-uniform field.

R&S – Might want to have average performance with a sigma over sphere.

EB – Don’t see any other way forward than a realistic channel model. Simplifying of realistic model is possible, but not vice versa. If later some parameter does not matter then remove it.

R&S – Don’t agree. Can start complex and go simple or other way round. Either way is fine but should not limit the start as complex. No requirement on channel model is needed. Don’t agree channel model needs to be agreed first.

EB - If we are talking about throughput testing then don’t see any other way. Starting simple and getting complex goes against information theory.

Orange – Uncertainty in performance of <10% can be ignored.

Nokia – One aim of methodology should be able to determine difference between good and bad user experience to steer antenna design in the right direction for conformance and end user experience. E.g. don’t design for tight low correlation that has no impact on throughput. So direct measurements won’t necessarily correlate with user experience. If the inaccuracy of measurement is 10% RAN1 do entire features based on 5%.

R&S – Need to have more complex model for some things. In other areas go with simple to explain reality and go more complex when model fails. The channel model has an impact but do we need to define this to verify OTA performance.

Sharp – Could go on all night. The approach that says we start with a channel model assumption could lead to a more costly solution.

Agilent – Complex realistic methods are needed to understand the high end but if FoM can be measured with simple system then fine.

Nokia – UE vendor perspective. End user doesn’t care about antennas only user experience which is throughput.

Motorola – What if we derive a system to maximize throughput that does not predict end user experience?

Agilent – We do different kinds of testing, sometimes based on extreme cases to detect a difference. Conformance tests do not always (or sometimes never) predict end user performance e.g. throughput measured without AMC. System level simulations are used for that.

Spirent – Pattern shape affects correlation and imbalance. With a uniform model you don’t see such effects.

Agilent – Measuring average performance in a non-uniform environment is not the same as averaging performance in a uniform environment.

R&S – Need to prove that particular channel attributes are necessary.

Agilent – Need to agree FoM before conditions.

Anritsu – Absolute vs. relative throughput. Absolute may not be essential.

R&S – Too early to conclude on channel model for all methodologies. Why should we agree on a channel model?

Vodafone – Idea is to rely on channel model before measurement. Can’t leave it up to proponent. Not yet agreeing specifics.

Sharp – Not likely to pick a channel model tonight! What is the plan?

Vodafone – If we don’t do it tonight we have wasted time.

R&S – What is the purpose of going for a channel model this evening? How are some methods to use SCME? Is it mandated then for every method even if those methods can tell the difference in FoM without the channel model?

EB – Chairman said it is not mandatory. COST2100 agreed thee models or simplified versions.

R&S – But we also have reverb and anechoic methods.

Agilent – Need to assume channel model as a means to an end to determine FoM not the other way round.

Vodafone – We have limited choice. SCME is established and understood. Based on Spirent single cluster uniform would not be suitable. DoCoMo disagrees.

Orange – Can’t understand need to restrict scope of channel model. By selecting an option it will not be possible to evaluate the possibility of reverb chamber. Quite a shame at this stage to suppress reverb chamber.

Vodafone – Reverb chamber can emulate at least option 3. (See SoonLeh’s note)

Orange – Not sure. Model is 2D not 3D. Specific angle may be a problem.

Vodafone – For single cluster for directional angle of arrival might be difficult in reverb chamber. But hybrid with channel emulator is possible (DoCoMo explained this earlier). Option 4 should cover different scenarios. SCME does not support indoor microcell. Can modify SCME to incorporate it.

EB – Not critical. Good to have in list.

Motorola – Think it should be included.

EB – Winner2 TBD.

Vodafone – 1, 2, and 3 more important than 4.

Motorola – Leave it open till Jeju.

Nokia – There is no agreement on relative importance of the channel models.

Vodafone – Thinks 4 is less important.

Motorola – Want to delay till next meeting

Nokia – Try to limit number of options at the next meeting

Vodafone – Companies should focus on top 3.

Motorola – Trying to make decisions on channel models at this stage is holding up progress of the end goal.

DCM - If mutual coupling of antennas and antenna pattern is not included in the analysis, the impact of single-cluster and uniform channel model cannot be differentiated.

EB – Don’t think t is a critical issue.

Vodafone – Agree to use full SCME as starting point. Single cluster with specific AoA, also with uniform PAS but refine to ensure reverb methods works with this.

Way forward on this topic:

· Throughput should be considered as the FOM (since it reflects the real user experience) but issues exist as above.
· It was agreed that the following options can be used to progress the work:
Option 1 – full SCME channel model as outlined in the WINNER project deliverables. 
1. SCME, Urban Outdoor microcell scenario, 

2. SCME, Suburban Outdoor macrocell scenario, 

3. Modified SCME, Indoor microcell scenario.

Option 2 – Simplified SCME – single-cluster, with predefined AoA and AS (see Figure below (b)). 
Option 3 – Single-Cluster uniform PAS (may need refinement to ensure that reverb can support this model). See Figure below (a). 
· DCM thinks that this Option is also suitable for MIMO OTA. 
[image: image1.emf](a) Uniform model (b) Cluster model
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Option 4 – WINNER II
· scenarios to be decided next meeting
. Come back next meeting to limit the number of options above. (options here means Option 1,2, 3 and 4).
6 MIMO OTA Methodologies Discussions

This is for technical discussion only. No decision needed. 

R4-093764, “Effective testing of MIMO OTA devices”, Agilent Technologies

R4-093765, “MIMO OTA figures of merit and interaction with preferred test methods”, Agilent Technologies
R4-093959, “Verification of the anechoic chamber and fading emulator based MIMO OTA method”, Elektrobit
R4-093891, “MIMO performance evaluation of a handset MIMO antenna using an RF-controlled Spatial Fading Emulator”, Panasonic, Aalborg University, Tokyo Institute of Technology.
Notes:

Papers not treated during adhoc session due to lack of time. These papers will be treated in the main meeting. 
7 Text proposals in MIMO OTA TR 25.xxx
R4-093942, “Updated TR 25-series MIMO OTA technical report”, Vodafone - Noted
· An updated version of the TR is presented here for approval. This version of TR (V0.0.2) only contains minor editorial corrections from [2], apart from the inclusion of endorsed TPs from Spirent and Elektrobit, from RAN4#51bis. 
Notes:

· Do we allow Tdoc references in the TR body? Check with RAN4 secretary and come back with answer. 

· Will update the TR according to drafting rules for next meeting.
R4-093944, “TP for MIMO OTA TR on reverberation chambers methodology”, Orange – Agreed.
R4-093889, “Text proposal to MIMO OTA TR for two-stage method”, Agilent Technologies - Agreed
8
Summary of Adhoc
Below is the summary of adhoc session:
Way forward on MIMO Study item:

· It is agreeable to extend the SI by 6 months (June 2010). Agilent will try to draft an updated version of study item proposal for this. 

· In the updated study item proposal, Agilent will also revise objective#3, but this is subject to further discussion and RAN plenary approval. 

· It was confirmed by chairman that to extend the SI, there is no need to fill in extension sheet. But the actual completion date of SI is important. 

· It was discussed whether to adopt EB’s 3-step procedure as general guidelines to conduct the SI. But the steps are not used to exclude any potential candidate solutions. 

Way forward on general requirements of MIMO OTA:

· It is agreeable that the requirement tables from EB (R4-093960) and DoCoMo (R4-093738) to be merged:

· The name of the table can be called requirement table, with minimum requirement and recommended requirement column in the table.

· Proposal 1 from (R4-093738) to split testing into normative and informative components was accepted in principle but details for what is in each group remain TBD e.g. 2D vs. 3D.

· To use “throughput” as minimum requirement may be difficult at this stage, but can be used as starting point. 
Way forward on MIMO OTA channel models:

· Throughput should be considered as the FOM (since it reflects the real user experience) but issues exist as above.
· It was agreed that the following options can be used to progress the work:

Option 1 – full SCME channel model as outlined in the WINNER project deliverables. 

1. SCME, Urban Outdoor microcell scenario, 

2. SCME, Suburban Outdoor macrocell scenario, 

3. Modified SCME, Indoor microcell scenario.

Option 2 – Simplified SCME – single-cluster, with predefined AoA and AS (see Figure below (b)). 

Option 3 – Single-Cluster uniform PAS (may need refinement to ensure that reverb can support this model). See Figure below (a). 

· DCM thinks that this Option is also suitable for MIMO OTA. 

[image: image2.emf](a) Uniform model (b) Cluster model
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Option 4 – WINNER II

· scenarios to be decided next meeting

. Come back next meeting to limit the number of options above. (options here means Option 1,2, 3 and 4).

Way forward on MIMO OTA TR

· TPs from R4-093944, Orange and R4-093889, Agilent are agreed. 

· R4-093942 needs further clarification whether RAN4 Tdocs can be put in the References section in the TR. 
9
Way forward – Next RAN4 meeting

Not discussed






















































































































































































































































