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

Vodafone, Spirent Communications, Panasonic, Elektrobit, Motorola, RIM, R&S, Qualcomm, Alcatel-Lucent, ETS Lindgren, Azimuth Systems, Orange, LGE, Anritsu, Agilent, Fujitsu, Samsung, Telecom Italia, Sony Ericsson, T-Mobile, NTT DoCoMo, CMCC, Telefonica, Kyocera, ZTE, NEC, ST-Ericsson.
Papers Treated during the adhoc session:
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Elektrobit Requirements for MIMO OTA Approval R4-092437
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Order of presentation

· Elektrobit

· R4-092434 – COST2100 summary

· R4-092547 – COST2100 detailed summary

· Elektrobit

· R4-092437(2570) – High level requirements for MIMO OTA testing

· Spirent

· R4-092320 – Practical MIMO OTA testing

· R4-092515 – Text proposal for Spirent’s Method

· Elektrobit

· R4-092435 – updated concept for MIMO OTA

· R4-092436 – SCM model

· R4-092438 – Text proposal for Elektrobit’s Solution

· LG (withdrawn)

· R4-092439 – MIMO OTA throughput testing

· Orange

· R4-092319 – Reverberation Chamber technique - example

· ZTE

· R4-092421(2559) – MIMO OTA Testing


· R4-092424 (2560) – DL MIMO Modes for MIMO OTA testing

2 Summary of discussion

	R4-092434
	Discussion
	Summary of COST2100 MIMO OTA discussion
	Elektrobit


R&S: What is purpose of the document?

EB: This document is for information only. Next document R4-092547 is more detail and for approval.

Orange: Clarify the bullet point on the backwards compatible with SISO OTA. 

EB: Backward compatibility means that the methodologies would support TRP/TRS, and possibly re-use some of the test equipment as in SISO OTA case. 

Azimuth: Throughput is most important – does that constitute some recommendation/conclusion?

EB: This was concluded in COST2100.

R&S: When the document says to use throughput as baseline, what is the impact on the remaining work?

EB: Other aspects of MIMO OTA are still ongoing. The idea is that COST2100 is doing technical work and 3GPP to consider the higher level requirements.

VF: During the last COST2100 meeting, the consensus was that there was too many FOMs, as proposed in the FOM table. It was felt that we should prioritise those FOMs, and the consensus was that troughput is key, followed by TRP/TRS. 

Azimuth: What percentage of the way through the WI are they? When will they complete?

EB: Vodafone already provided the timescale in March in R4-091405.

Status: Noted. 

	R4-092547
	Approval
	Detailed summary of COST2100 MIMO OTA discussion
	Elektrobit, Vodafone


Orange: Is the work in COST2100 consider receive diversity or just MIMO? In the high level requirements, it was said that test device for HSPA include laptops, but only dongles for LTE?

EB: The methods are applicable for both RX diversity and MIMO. HSPA/LTE devices listed are based on COST2100 discussion, and is based on what is expected to be available at the moment, not a final list.

R&S: We had previous RAN4 MIMO OTA presentation. No channel models applied.

EB: In the last COST2100 discussion, it was agreed to use SCME, but cannot answer for specific candidate.

VF: Not sure if single Rayleigh model will realistically simulate real use. What is impact of angular spread, arrival etc. Got meas campaign in COST as agreed. Going to measure the proposal and verify if using SCM or Winner what is impact on FOM vs. single Rayleigh model. Most important objective is to prove each method works. Detail of how to apply the model is unclear. Most companies will use channel emulation, but some using phase shift/delay.

Orange: Do we really need to agree on all 3 scenarios? In RAN4 when we define requirements, not done against specific scenarios. Does COST2100 want requirements for each scenario?

EB: Scenarios are good starting point but we can discuss here.

Spirent: Those 3 scenarios are considered to be important for some particular use cases.

VF: The Scenarios 1,2 and 3 are needed just for the sake of evaluation or when we perform MIMO OTA measurement campaign. It was not meant to derive any final requirements for MIMO OTA. It is important that we agree on some useful use cases or scenarios so that we can compare among the candidate solutions. 
Orange: For sake of evaluating models? If possible, we should also try to cover different environments 

Azimuth: Orange raises interesting point. If we use the PDP, which is different from current specs how do we compare under different conditions?
VF: The objective is for the measurement campaign. Need to know channel model and scenario. Not going to mandatory standard in RAN4. Just for study purpose.

Azimuth: Comparison would have to be conducted throughput to determine OTA performance.

VF: I think we don’t really need to compare with conducted results at this stage of studies.
ETSL: Purpose is not to compare to conducted test but to reflect the real world performance
EB: Those scenarios are used to evaluate channel model, no, to evaluate the methodology.

RIM: In the case of FOM, how do we conclude the FOMs?

VF: Depends on capability of methodology. All should be measureable but cat 1 and 2 more important.

RIM: This is only input from COST. What about CTIA?

VF: Let me try to sumarise - All proposed OTA solutions are here and if no objections we should endorse those solutions in this meeting. However, some of those methods can be merged? If it is premature to finalize FOM here, then at least use cat 1 and 2 subject to feedback from CTIA. 

Orange: Last meeting contribution from operators with FOM where throughput TRP.TRS proposed and also choice between FRC and VRC. FRC was favoured but maybe return to it.

VF: Will wait until next meeting for VRC/FRC and reference channel. Maybe start with HSDPA. On baseline channel model not too contentious to agree on this. Assume SCME at the moment. Leave high level alone.

Orange: Need more feedback on the scenarios. It is clear RAN4 will not define requirements for each of these.

VF: Scenarios are not going to be mandated. Need to agree way to perform measurement campaign. Perhaps those 3 scenarios will be further discussed in the next COST2100 meeting.
Orange: The concern is OTA testing in 3GPP so far didn’t consider different environments. Defined minimum req in same environment. So now if the intent in COST is to compare different methodologies or different models then why precisely micro rather than rural?

EB: Rural environment is important. One more scenario could be added.

Spirent: Useful to study these for OTA test but then could be simplified.

Azimuth: Is it too much harm to add existing LTE model as a basis of comparison?

EB: Problem is that correlation based model is not suitable because antennas are inside the UE.

VF: In the SCME channel model, it has many scenarios. The intention is to extract some of the scenarios. Idea is that during the COST2100 discussion, may be we don’t need to specify those scenarios.

Telecom Italia: Suggestion is to maintain backwards compatibility. Didn’t specify environment for SISO.

Status: 

· Agreed or endorsed the current MIMO OTA proposed solutions.
· Further considerations are needed for FOMs, channel model (especially 3 scenarios) and High Level requirements. Come back at next meeting for FOM and channel model and high level requirements.
	R4-092437
	Approval
	Requirements for MIMO OTA
	Elektrobit


Revised to R4-092570

DoCoMo: Some of values have already been decided in the table. We think each entry needs to be made TBD/FFS because they are not really discussed yet.

EB: The idea is the use this as template, we can discuss further on the values, parameters, etc. in the table. 

Orange: Would like to thank EB for proposal. However share view of DoCoMo that most of these not yet discussed in 3GPP. Some of these like phantom head/hand, some discussion paper in previous meetings where it was proposed that because of diversity of terminals form factors then maybe the best highest priority scenario is without head/hand. Second comment is maybe some practical reqs to add such as test duration, setup complexity, and accuracy. Possible use of existing test or solutions.

R&S: We now have 6 proposals discussed earlier. Need a table per method. Then after discussions maybe some more insight. We have channel models for conducted that could be used for radiated.

EB: Channel models are very important for OTA test if want to understand real performance of the terminal.

Telecom Italia: Also view that table parameters not discussed. Agree don’t need to introduce phantom.

Status: 

· Agree to have this kind of table. But the content of the table and requirements/parameters in the table need to be discussed further. 

· Alternative proposal for the table may be looked at by e.g. from DCM and R&S. 

	R4-092320
	Discussion
	Practical aspects of MIMO OTA Testing
	Spirent Communications


EB: Did you use 20 sinusoids with the same delay?

Spirent: Figure 3 shows ideal calculation along with prefaded components. In the chamber used 3 pre-faded components from three antennas.

Status: Noted.

	R4-092515
	Approval
	TP: Test Methodology for MIMO OTA TR
	Spirent Communications


EB: Since this text proposal has already agreed in last meeting that Spirent is accepted as a proposal. We support this in principle.

Orange: As seen from report presented by EB maybe 6 solutions discussed in COST suggest before including TP in TR we should merge solutions which are similar to avoid a product approach rather than methodology approach.

EB: Spirent and EB are not sufficiently similar so keep separate just now.

Qualcomm: Will it be up to test solution to place antennas according to the models?

Spirent: A generic channel that can be mapped to the probes is discussed. A simplified model could be picked some simplification of the mapping reducing the number.

Qualcomm: But what is the reference

Spirent: Would have to be a simplified channel would have capability of MIMO link but then the design could be evaluated as to mapping.

VF: For evaluation purpose, the understanding from the proposal is that Spirent’s way of emulating MIMO channel is quite different from others.

Spirent: Our channel emulation and joint Anechoic chamber MIMO OTA method is also flexible, channel can be chosen after the design or a more specific approach where the channel is assumed and the design is around that channel.

Status:

· Endorsed the text proposal. However, if further review in coming meetings is possible to improve the texts, etc. 

	R4-092435
	Discussion
	Updated Concept - MIMO OTA Testing
	Elektrobit


Status: Noted. 

	R4-092436
	Discussion
	Reconstruction and measurement of Spatial Channel Model for OTA
	Elektrobit


Qualcomm: In the document, from Figure 10 and 11, the peaks don’t seem to be in the same order.

EB: The intention was to show a per path difference. Fig 10 first path was used as vertical very strong but horizontal weak. With high delay 3us red curve is strong because of different polarization. None of receive antennas same polarization as transmit. Different angles of different paths.

Qualcomm: Could Figure 10 be converted?

EB: Will check. Not sure if figure 10 and 11 were taken from the same conditions.

	R4-092438
	Approval
	 
	Text Proposal for MIMO OTA report (TR 25.xxx)
	Elektrobit


Orange: We want to see EB and Spirent proposals merged before adding to the TR.

VF: If this is acceptable, we can endorse the text proposals and check in the future if there is any commonality between the two methods. If ok, proposed to at least endorse the text proposals. 

Status:


· Endorsed the texts subject to further review in coming meetings.

	R4-092439
	Information
	MIMO OTA throughput measurement of LTE UE
	LG Electronics, Elektrobit


Withdrawn.
	R4-092319
	Discussion
	MIMO OTA testing using reverberation chambers
	Orange


EB: The reverberation chamber method has been discussed in COST for several years. It was concluded that the method can’t model realistic channels and should not be considerd here and it is out of scope.

ETSL: We agree that reverberation method can be used to create statistically repeatable Rayleigh channel but if we really talking about environment simulation, we can do the reverberation test but what does it mean? Isotropic uniform reverb does not look like that in any real environment. Random stats part much simpler environment, how many paths, clusters take that then look at the average, can I say that completely randomizing the environment is the same as the average of a simpler environment from all directions? Have we gone too far the other way?

Orange: To answer EB, CTIA has taken opposite view to COST. Reverberation method and its proof of concept exist for TRP/TIS. Throughput for W-LAN MIMO devices. Can’t deny it is feasible and can be used practically for OTA measurements. We have a statistical view based on Rayleigh environment Compared with field testing not shown here and amazingly results are quite aligned. Can’t say that it doesn’t reflect performance f devices we have tested. So far the methodology that has bend fiend for SISO is not based on specific environment. Aim in RAN4 is to compare OTA performance with the reqs of RAN4 based on some particular assumptions which themselves don't reflect perfectly the field. Idea here is to see other alternatives. Is there a compromise of accuracy vs. cost/complexity?

ETSL: TRP/TIS are specifically metrics of the DUT only. MIMO is a property of the entire system. Device can’t be dissociated. Want to know statistical nature of it. Is reverb giving that answer? Possibly it will but need more work. Also caution that feelings of members of reverb subgroup not match the ERP work group. CTIA started the anechoic subgroup.

Orange: What we are trying to do is not promote one solution but to understand the potential of anechoic and reverb. Still need more results for both. Know that TRP/TIS in reverb performed by Orange is OK. Need more work for MIMO.

EB: Possible to study reverberation method but in 3GPP spent 3 meetings half of time and still much to do. Want to focus. SISO is different; delay and Doppler have no impact. In MIMO it is totally different. MIMO is based on the spatial correlation and can’t be measured separately.

RIM: Agree with Orange. During study phase do some study. Support Orange’s proposal to study this method

Orange: When we opened study item scope was to investigate both solutions, in COST and CTIA. The work is not mainly done in 3GPP. If we have delay it is because COST and CITA are busy. Believe up to end of the study item will have results for both and the community of RAN4 can decide whether one is interesting or both. Then decide based on technical analysis.

Status: Noted.

	R4-092421
	Discussion
	 
	MIMO OTA Testing
	ZTE Corporation


Revised to R4-092559

	R4-092424
	Discussion
	 
	Consideration on DL Transmission Modes in MIMO OTA Testing
	ZTE Corporation


Revised to R4-092560
Due to short of time, present all two documents and then open for comments/questions. 

Orange: However, only specific fading channels without generic multipath fading and delay channels are the main challenges of the reverberation chamber methodology.

· Actually this is possible with cascaded Dual-Chamber technique 

ZTE: References not updated. 

R&S: Pointed to that anechoic chamber method for SISO can be reused. 

Qualcomm: How closed-loop Spatial Mux can be implemented? OLSM may be possible. PMI…there is repetition factor there that needs to be considered. 

Status: Noted. 
3 Conclusions

In this document, there have been some agreements after some lengthy discussions: 
· it was agreed that some high level requirements are needed in order to proceed the study item, 
· it was agreed to endorse the existing proposed candidate solutions so that we can proceed to the next stage: for example, measurement/experiment to proof that the methods are working, 
· it was agreed that the study should cover both Rx diversity and MIMO: potentially there may be separate channel model needed for Rx diversity and MIMO devices. 

· Text proposals for 2 candidate solutions have been endorsed. 

However, further considerations are needed for FOMs, channel model (especially 3 scenarios) and High Level requirement, even though there are no big disagreements among companies. 

Based on the progress so far, the work plan for the MIMO OTA study item is quite aligned [1], except on measurement campaign.
References

[1] R4-091405, “Proposal for MIMO OTA study item work plan”, Vodafone.
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