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1 Opening and introductions

2 Meeting objectives and approval of agenda (R4M090001)

Approved

3 Review of MIMO OTA study item and objectives (R4M090010/11)

Objectives from the study item RP-090253 (R4M090010):

1) Identify the performance metrics and clarify the requirements of operators for defining such a methodology.

2) Review of potential solutions also considering input from CTIA ERP and COST 2100.

3) Agree the final solution, and detail the agreed 3GPP solution in a technical report to be reported to RAN plenary.

4) Maintain ongoing communication with COST 2100 and CTIA ERP to ensure industry coordination on this topic.

The study item completion date is RP #46 (December). The latest status report is RP-090731.
Elektrobit - Objective 3 is problematic for the study phase.
Azimuth - Concerned that objective 3 prevents the documentation of alternative methods not chosen.

Consensus of the group is to include all methods in the study report with possible recommendation what to take into the work item phase.
There is also a desire to evaluate some or all methods in a measurement campaign to identify pros and cons. Only HSPA MIMO can be evaluated by RP #46 due to limitations of device and test equipment availability. Today it is possible to measure HSPA single link in radiated faded environment as proposed by Nokia at COST2100 #9. Progress on MIMO OTA test evaluation may have to be done with mock-ups and simulations.
For the next RAN4 meeting Agilent will propose modification to the study item objective 3 and timescales. This proposal will be circulated to the workshop participants and 3GPP_TSG_RAN_WG4_MIMO-OTA@LIST.ETSI.ORG for approval first and to gain supporting companies.
4 Review of CTIA and COST2100 MIMO activities
4.1 CTIA (USA)
Reverb chamber subgroup (RCSG) has been running for around two years and has the following objectives:
Standardize reverb chamber characteristics

Standardize method of calibration

Develop an OTA test methods suitable for SISO (MIMO to be considered later)

MIMO Anechoic Chamber Subgroup (MACSG) started in May 2009 with the following objectives:
Assess terminals using carriers’ requirements

Can be deployed practically for new and existing test labs

Minimize cost and time required to assess terminals

Can accommodate current and foreseeable air interfaces

Next CTIA F2F meeting is Oct 6/7

Neither sub group have specific timescales. The conclusion is driven by consensus.

RCSG working independently from COST2100 and RAN WG4

MACSG has been monitoring RAN WG4 and COST2100 but no joint activities. Possible joint COST2100/CTIA workshop planned for first week of June 2010 in Aalborg.
The original MACSG proposal is based on Elektrobit/ETS Lindgren. Agilent, R&S, Spirent. Satimo (and others?) have also presented proposals.
There is a high degree of common proposals between CTIA and RAN WG4 due to delegate/company overlap.
Informal understanding in CTIA that harmonization with RAN WG4 is highly desirable.
4.2 COST2100 (Europe)
COST2100 started in late 2006 and MIMO OTA not originally in scope until the 3rd meeting. The MIMO OTA work is covered by sub working group 2.2 (SWG 2.2). The bulk of early contributions were research. During the last three meetings this has been complemented by stronger industry participation. The COST2100 action ends Dec 2010 but this could be continued in a new COST action. The assumption is that there will be a new action. SWG 2.2 is now very busy and not closely working with the other subgroups.

COST2100 has no formal objectives. The goal is to create knowledge and exchange information to the benefit of the wider community. COST2100 plan to publish a book by early 2011 with a chapter on MIMO OTA of approximate length 40 pages (± 3 dB, 95% confidence) summarizing the key findings.
High level cooperation between 3GPP RAN and COST2100 has been established via LS. However, at the technical level there is currently no clear message from RAN WG4 to COST2100 guiding the research primarily due to the complexity of the subject. This is in sharp contrast with the earlier RAN WG4 work item on SISO OTA where COST273 carried out the bulk of the analysis on measurement uncertainty which was adopted by RAN WG4/WG5.
COST2100 agreed in May 2009 (Valencia) to some working assumptions. These were sent to RAN WG4 #51 (LA) in R4-092547 and R4-092434. These documents were noted by RAN WG4 but it was questioned how actively they are being used to drive RAN WG4 work. The documents included working assumptions of channel models (SCME and WINNER). The SCME channel model is one assumption that has been widely used for both simulations and measurements and has been the working assumption in numerous contributions by Elektrobit, Nokia, Satimo, ETS-Lindgren, Spirent Communications, Motorola, and LGE, which have been presented in RAN4, CTIA, and COST2100. A review of R4-092547 and R4-092434 at the next RAN WG4 is probably in order. Agilent will ensure this occurs during RAN WG4 52bis.
The work in COST2100 is contribution driven but the need for general discussion is also understood and took place during the 9th meeting this week in Vienna.
4.3 Issues relating to regional aspects of CTIA/COST2100
Both CTIA and COST2100 documents are not publicly available. 3GPP documents are.

CTIA is a membership organization. Companies join as full or associate members. There is an annual fee. Non-US guests area allowed for a period of one year. See Paul Moller of Motorola of details.

COST2100 is primarily European due to the EC funding but others can apply for membership. European delegations must contribute one TD/year, non-Europeans two TDs. European members join at the national level, non-European members are individual organizations.
The consensus of the workshop was that the regional non-public nature of CTIA and COST2100 although sometimes inconvenient was not adversely affecting the ability of companies interested in MIMO OTA to make progress.
5 Discussion on effectiveness of MIMO OTA test
Agilent presented R4M090003 which addresses the issue of measurement uncertainty on the usefulness of test. Currently this dimension of the MIMO OTA proposals has not been studied in any detail yet experience from SISO OTA showed this to be a significant issue which took considerable study to understand (COST273). The uncertainty of CTIA commercial SISO OTA test labs has been evaluated by CTIA using golden radios and a high percentage of facilities fall within the prescribed ± 2 dB tolerance. All indications for MIMO OTA suggest that the uncertainty of test could be much higher with there being no consensus yet developing around the significance of measurable attributes of test such as angle of arrival or angular spread have on the assessment of UE MIMO capability.

This situation highlights the concern that the uncertainty of MIMO OTA test could be significantly higher than SISO OTA. If the uncertainty is high then the procedures used in RAN WG5 to derive test requirements will result in the acceptable measured performance being significantly relaxed from the ideal. Such relaxations are required to minimize the probability of failing a good UE however this has the undesirable impact of making the test ineffective in failing a bad UE. If adaptive closed loop throughput were used as the figure of merit then there is the distinct possibility that a SISO terminal would pass the MIMO requirements and thus the testing would provide no value.

The paper concludes that uncertainty analysis has to be at the heart of the evaluation process if MIMO OTA test is to be effective. Techniques such as relative SISO/MIMO measurements in corner case conditions (high SNR/low correlation) or antenna only measurements could reduce uncertainty. The results from such tests would be effective in identifying good UE performance but would not directly relate to end-to-end performance in realistic operating conditions. This type of sub-system testing is common in conformance (e.g. measuring throughput with a fixed reference channel) and should not be ruled out. Testing based on real life conditions would not be easily traceable to link level simulations and the measured performance gains would be smaller and probably be subject to higher uncertainty.
6 Definition of MIMO OTA test

NTT DoCoMo presented R4M090005 which compared the measured performance of several test methods (reverb, anechoic chamber and spatial channel emulation) for a variety of antenna spacings and gain imbalances. The paper concluded that there was minimal difference in the measured performance of the different methods and that therefore the simplest lowest cost solution should be preferred. An analysis of the flexibility and cost of four methods is given.

The paper generated substantial discussion indicating the complexity of the MIMO OTA test challenge. Werner Schroeder questioned the antenna configuration which was specified in wavelength spacing. Without further information on the antenna design it is not possible to tell the correlation and this might explain the measured insensitivity to correlation in the results. It was pointed out that the results do show correlation and for the reverb chamber this was always very low as expected. In all cases the correlation (envelope power correlation) did not get above 0.5 so would have had little effect on the results. Gain imbalance was a much bigger issue.
Interpreting the results in an absolute sense was discussed. Currently it is unclear what the expected performance would be which makes it difficult to know if these represent good or bad MIMO performance. The HSDPA results were for RX diversity with fixed reference channel which are traceable back to 3GPP specs but this method of measuring throughput is not how real devices are used in the network. The 802.11 tests were done using end to end throughput as per normal network use.
7 Presentations and discussion on proposed test methods

7.1 Panasonic
Handset MIMO antenna measurement using a Spatial Fading Emulator (R4M090006)

Shows good correlation between channel sounding and anechoic chamber results. Signal used was 100 MHz CDMA, high SNR (¬30 dB). Spectral efficiency was high but unclear where this is on the on the range of 0% to 100% multiplexing gain. This information must be available but was not explicit. Concern was raised regarding the control of the common and differential excitation modes of the anechoic chamber antennas due to the use of uncontrolled feeder cables although the results suggest this was not influencing anything.

7.2 RheinMain University
Low-effort MIMO OTA Testing Approaches & Suggested Applicable FOM
As part of the discussion of the Panasonic method Werner Schroeder of RheinMain University referred to an alternative method based on existing SISO techniques using cross polarized antennas augmented by an additional antenna to determine the peak MIMO gain of a device. This was discussed during the COST2100 meeting in (TD)09051. This paper was not re-presented to the RAN WG4 informal meeting but can be studied by those with access to the COST2100 website.
7.3 Agilent
Summary of two-stage MIMO OTA method and implications on UE test modes (R4M090004)
Agilent described this method which builds on the existing processes and equipment use for SISO OTA measurement. For SISO the TRP and TIS are integrated to provide a single scalar figure of merit. This can be extended for MIMO by capturing the raw vector data representing the receive antenna pattern. To do this with minimal disruption would require a test mode in the receiver of the DUT to output the received signal. Several chipset manufacturers have indicated this is already available or could be added.

Once the antenna pattern is known it can be taken with the transmit antenna configuration and any desired channel model to compute the received signal after the DUT antenna. This signal can be emulated with a single channel emulator and injected into the DUT temporary antenna connector in the same way as done for conducted conformance testing. A simple vector calibration step would be required to ensure the emulated signal matched the radiated signal at the desired frequencies.

The paper showed similar results were obtained between traditional OTA methods where a spatially diverse field is created around the DUT versus the two-stage method where the antenna pattern is measured using CW signals and then combined with the same spatial channel in an emulator. There were some discrepancies which may have been due to a different chamber being used between the pattern measurement and emulation steps. This will be investigated further.
One consequence of this method is that it does not measure receiver de-sense, however, there are SISO radiated tests which do measure this and it is unlikely that a MIMO device would exhibit de-sense problems in a spatially diverse environment that would not be picked up using a directional signal during SISO testing.
7.4 R&S
Keeping OTA measurements on MIMO devices simple but significant (R4M090002)
R&S presented a simple approach based on two antennas, one fixed and the other rotatable in 2D. A third antenna could be considered. The device could be rotated in 3D. This method would allow a low cost way of emulating a particular pattern. The method would be further simplified by focussing only on the antenna performance and use CQI reports to indicate the spatial quality of the received signal. Some issues remain to be studied including how to correlate measured performance using a simple channel model with more complex models as well as the impact of de-sense already mentioned in the Agilent method.
7.5 Elektrobit
Summary of the anechoic chamber and fading emulator based MIMO OTA solution (R4M090008)
Elektrobit presented this method which is well-know to the group and based on creating a spatially diverse pattern around the DUT using a circular array of antennas, probably 8 cross polarized. There was a question about the need for phase calibration and this remains an issue being studied. Accurate phase calibration can easily be done, but Elektrobit believes it is probably not necessary in UE conformance tests. Verification of AOA and AS was also discussed and the use of a spatial channel sounder. R&S asked about the reason for about ± 2dB variation in the power of different multipaths. This is because of the non-uniform antenna pattern of the measurement antenna and different AOA of each cluster. It is possible during calibration to optimize for angle of arrival or power.
7.6 Spirent
Summary of the Channel Emulator based MIMO OTA Method (R4M090009)
Spirent presented their method which is closest to the Elektrobit method but optimized to use fewer antennas. Circular and Non-Circular Probe Layouts are proposed and the number and position of the probes will be fixed in a final design once the channel model has been agreed. The number of probes can be optimized to 6-8 probes depending on the assumptions with 8 probes giving arbitrary AoA control. The selected AoA can be chosen to match the antenna positions and minimize mapping errors.
7.7 Elektrobit
Proposal for common approach on MIMO OTA (R4M090007)
Elektrobit presented this summary of the proposed methods and a way forwards.
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The first step states:

Agree the objective to create electromagnetic field with desired statistics inside a cylinder or a ball where the DUT is located.
At one level this could be considered a non-controversial statement however there was a lot of discussion as to whether this statement would be interpreted by some literally or whether an emulation of the effect of a particular spatial model such as in proposals from Agilent or RheinMain University would also meet the criteria. The discussion did not conclude on this point. What is clear is that spatial diversity needs to be part of the test method, but the nature of the spatial diversity and the means to create it remain at the heart of the discussion on test methods.
Azimuth believes that, due to the early stages of understanding of MIMO OTA, the order of steps is reversed from what it should be.  What would benefit the group most is first a comparison of candidate test methods.  This should be presented in a fashion that would facilitate understanding the benefits and drawbacks of each method.  Once the capabilities are better understood, the group would be in a better position to select a meaningful methodology.
8 Next steps / future meetings
The group reached a point where the real substance of the debate was just started to develop but time prevented the debate from continuing. But we now have a much better understanding of the wider issues and it will be easier now to continue the debate in future informal and formal meetings. There were several comments made that the day had been well spent and was an effective way of progressing the work.
There will not be any extra meetings as part of RAN 52bis in Miyazake. The group will have to joust for ad hoc meeting time along with other high priority work items. It will be important to start the discussion on the study item scope and timing and a document to that effect will be resented by Agilent to the main meeting. It also became evident during the day that more use should be made to direct the research resources available within COST2100 towards specific issues needing to be better understood within RAN WG4.
For RAN WG4 52 in Jeju the study item rapporteur, SoonLeh Ling from Vodafone, has confirmed there will be a one-day MIMO OTA informal meeting on Sunday 8th November.

There was a suggestion during the COST2100 meeting that a joint COST2100/RAN WG4 workshop be set up for the COST2100 meeting in Athens 3-5 Feb 2010. This will need further discussion.
9 Close of meeting
The chairman thanked the host Elektrobit for arranging the excellent facilities and the meeting was closed at 16:30.
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