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Meeting minutes

Chair: Luis Anaya (Vodafone)
14 Aug - Tuesday afternoon session: 




Le Ballroom, 5th floor
0. Introduction of the agenda in main session.
14 Aug - Tuesday evening session (16:00(20:00): 


Wien room, 6th floor
1. Summary previous meetings and CTIA update 

2. (1) Technical Report
3. (2) Absolute data throughput

4. (5) Channel model validation
5. (2) Reference antennas
Attendee list: Azimuth, R&S, Intertek, ATR, CATR Ericsson, Motorola, Satimo, EB, China Mobile, Sony, Spirent, Bluetest, Nokia other companies that joined later.
15 Aug - Wed evening session (16:00(20:00): 



Wien room, 6th floor
6. (1) Simulations
7. (2) Testing in elevation

8. (5) Method based contributions
9. Conclusions: WF discussion
Attendee list: Azimuth, R&S, ATR, CATR Ericsson, Motorola, Satimo, Elektrobit, China Mobile, Sony, Spirent, Bluetest, Qualcomm, Nokia
16 Aug - Thursday afternoon session: 




Le Ballroom, 5th floor
10. Conclusions in main session
1. Summary of outputs of previous meeting, expected output for this meeting and CTIA update

Previous RAN4 meeting: main outputs.

And expected outputs from RAN4#64: Mainly on channel model validation, UE self-interference, SNR discussions, controlled field test activity.
Chair explains that parallel IL/IT activity is being undertaken, and reminds that the agreed activities: verification of methods using absolute throughput in conjunction with validation of the channel models are important aspects for obtaining a full understanding of MIMO OTA performance across methods.
CTIA update on testing activity with reference antennas.

	R4-124759
	CTIA update to RAN4
	AT&T
	Information


Notes:

Spirent provided update on AT&T’s behalf.
Way Forward: Noted
2. (1) TR
	R4-124568
	TR 36.977 v0.2.0
	Vodafone
	Approval


Notes:

Way Forward: approved in main session
3. (2) Absolute data throughput for MIMO OTA comparison
Generic contributions

	R4-123720
	Absolute Data Throughput, data format definition
	Motorola Mobility, Intel
	Discussion
Agree on framework


Notes:

Agilent: electrical rotation of radiated antenna pattern is fundamental. Clarify which aspect is fundamental?
Motorola: sync of measurement and rotation of radiation pattern. Automation is desirable.

Agilent: 

R&S: synch between eNB emulator and channel emulator is not the issue. Application needs to be syncd, and be able to load the rotated radiated pattern.

Motorola: piece of SW that is convenient to loading the rotated pattern at each desired angle.

Spirent: The system integrators will be providing this SW.
Motorola: ETS, Satimo do not have this piece of SW to automate the measurement.

On rest of proposals:

Antenna data format

Spirent: Format- is this based on CTIA data format? Why limit implementation to 5 degree increments?

Motorola: CTIA format is similar. Header is slightly different. Absolute Gain is added here. 5º for better interpolation.

Bluetest: is data from Satimo fulfilling this resolution?

Motorola: 5º degree is not an issue. 

R&S: 2º degrees resolution in Satimo data in CTIA website.

On number of test positions in Phi:
Spirent: 15º for the testing do not align to RAN4 nor CTIA, rationale?

Motorola: increase resolution, and less error

On output data format:

R&S: data header format for radiated part is different from conducted
Motorola: labs will use data provided from Satimo.

Bluetest: not applicable to Reverb the measurement technique.

Motorola: work offline to consider Reverb.

Nokia: Why SNR, and not received power. Antenna pattern measured once and sued everywhere?
Motorola: to compare labs measuring the antennas. Radiated antenna pattern to be used across all labs.

Bluetest: is this aligned with CTIA?

Motorola: Yes. Doc presented in CTIA (MOSG120804)

Way Forward:

Discuss offline 24 positions or 8 or 12 (15, 30, or 45 degree phi step for the measurement)
Agree to use 12 steps (30 degree resolution). Analysis will be conducted per band on the need for higher resolution.
To have agreed format for the data is useful, discuss offline if proposed format may need to be revised
Radiation data pattern format: agreed
Output data format table: TP with Reverberation aspects to be included in table. TP for next meeting.
Chair suggests that the considerations for the “verification of methods using absolute throughput” activity is becoming spread over several contributions. Suggestion is to prepare Draft TP proposal for TR. This meeting or next meeting. Nevertheless this is just for the sake of clarification, and details are clear and collected in MIMO OTA WF (R4-123516)
	R4-123721
	Absolute Data Throughput, conducted DUT stability assessment
	Motorola Mobility, Intel
	Discussion

Agree on framework


Notes:

R&S: temperature dependence is also critical. 
Spirent: What is the purpose of the document? Content for TR? Or informative?
Motorola: is for discussion. Source pull, and instability can be an issue.

Chair: 8dB discrimination is something we can take as valid assumption?
Motorola: Both initial measurements and simulations seem to show 8dB discrimination

Bluetest: we should do it for all cases, not only for different results to 8dB discrimination.

Nokia: how to do the source pull test for real devices?

Agilent: not possible to do it. If there is a mismatch it could be seen in conductive. This is ok for the drafting of the test and work with reference antennas.

Motorola: intention is only to avoid e.g. a bad antenna with perfect matching with the device providing better throughput than a device a good reference antenna.

Way Forward: informative. Keep for future assessment of results. Noted
Anechoic based methods - Results

Reverb based methods – Results

4. (5) Channel model validation
Multiprobe

	R4-124331
	Preliminary Results on the Verification of Channel Model Implementations
	SATIMO Industries, Spirent Communications, Elektrobit Corporation
	Discussion


Notes:

Chair: why single cluster
Elektrobit/Spirent: Single cluster to be proposed this meeting. Easier to compare initially single cluster.

Vodafone: why is Spirent PDP response softer?

Spirent: Limited by 26MHz BW of the equipment. Further evolution has higher BW. Either way does not affect the test purpose.
Bluetest: Figure 5, low level peaks, is there any explanation.
Elektrobit: we need to verify, but peaks are low. Provide answer tomorrow (will provide feedback on reflector or next meeting)
Way Forward: noted
Reverb 

	R4-124714
	Verification of Reverberation Chamber and Reverberation Chamber + Channel Emulator Methodology
	Azimuth Systems, Bluetest AB, EMITE
	


Notes:

Chair: companies are encouraged to discuss this content prior to RAN4#64bis meeting.
Way Forward: Late contribution
Other methods

Generic

	R4-124548
	TP for TR 37.977 on Single Cluster Channel Models
	Spirent Communications, Elektrobit, SATIMO
	Approval


Notes:

R&S: 25º or 35º of angular spread, is that a choice?
Spirent: 25º AS can provide some flexibility to different device sizes at higher frequencies.

Chair: would be better to limit the number of choices to facilitate comparison.

Bluetest: motivation for channel model was to get realistic conditions. Why we now want to test single cluster?

Spirent: in previous TR was stated this was a valid channel and justified from previous field test data presented by Nokia in a CTIA F2F meeting that a primary angle of arrival case is commonly observed.
Bluetest: in that TR there were other channel models, and they are not included now. Should we include them too?

Spirent: answered already.
CATR: good for the validation exercise as simpler test. Angular Spread is dependent of probes position.

Elektrobit: not a new channel model, just simplification. Not new verification process either.

Bluetest: why we add this channel model that it is specific to a method
Elektrobit: not specific to any method.

Bluetest: CTIA specifies SCME Umi or Uma, will this be optional to test?

Spirent: CTIA IL/IT already includes these single cluster channel models.

Bluetest: this removes spatial channel model. Verification process is the same, but results will not be the same for the spatial characteristics.

ATR: beam will be narrower. Full cluster and single cluster cannot be compared.

Spirent: AS (azimuth spread) is the same.

Motorola: Yes, the same channel model can be compared among single or multi-cluster implementation.

Companies are encouraged to discuss offline.
Bluetest: it seems this to add new channel models, and for specific methodology. Not against to block this if the group acknowledge the prior comment.

Spirent: validation procedure the same. Single cluster SCME channel models are derived from original SCME channel models.
Motorola: suggest to provide data for the next meeting that channel model is the same. Just implementation of same CM. Different implementation of the same channel model
Elektrobit: CTIA already considered single cluster. Ok this is noted now. Simplification of channel model.

Chair: Inter lab inter technique activity already considers the single cluster, and with the results of the activity Group will better decide on the usefulness of single cluster channel model.
Way Forward: noted
	R4-124509
	Spatial correlation measurements on both X and Y axis directions for the verification of channel model implementations
	ATR
	Discussion


Notes:

Agilent: In reverb, over space there is no particular point worse or better.
Bluetest: this is correlation to particular positions. In reverb . Stirrers in it? Could you clarify how this can apply to Reverb?

ATR: yes includes stirrers. It is important to do the Y axis as well.
Bluetest: In reverb the spatial correlation is not based on position. All show the same. Correlation needs to be calculated when on full test is done.
Spirent: is this trying to change the channel validation procedure in TR? Or just highlight issue with RC?
ATR: 

Chair: companies are encouraged to consider this and discuss further the need.
Chair: companies are encouraged to present results on channel model validation procedure as described currently in TR 37.977 v020

Way Forward: Noted
	R4-124674
	Bivariate Analysis of Radio Measurements: Understanding Spatial Correlation
	Intel Corporation
	Discussion


Notes:

R&S: seems reasonable process XY analysis in the spatial correlation. Would it be needed to study how the correlation is when the UE is moved?
Agilent: the purpose of this contribution is not clear. Further clarification is required.
Bluetest: agree with Agilent. 
Chair: probably Intel’s intention is to show that they have mathematically correlated the basic theory of MIMO, wave propagations and so about spatial correlation with what is experienced and measured in the field. Suggestion from Intel is that OTA test method should be able to capture how different correlation aspects impact performance, and so a proper MIMO design will lead to pass OTA test. Intel needs to provide further clarification.

Way Forward: Noted
5. (2) Reference antennas
Multiprobe

Reverb

	R4-123788
	MOSG Reference Antennas â€“ Results and Learning Outcomes from Initial Testing
	Bluetest AB
	Discussion


Notes:

Motorola: a device without RF ports? Conducted results variability: are internal antennas disconnected?
BT: HTC had RF ports. Samsung came with fixed cables to avoid uncertainties in measurement. On the variability of conducted tests: antennas may not be well disconnected.

Spirent: Samsung RF ports are behind battery, cables are needed. Conducted tests are done in shielded environment and test is in sensitivity operation point.
Motorola:

Bluetest: HTC did not show variability in conducted test. Conducted measurements were performed outside RF enclosure.

Vodafone:  For HTC, in NIST: around 2.5dB difference between Good Medium and Bad (G(2.5)M(2.5)B) antennas. For UMi: (G(2)M(4)B), and Uma (G(4)M(?)B). It seems ranking is maintained but not the relative difference between reference antennas.
For QPSK: not much differences between Uma and Umi. Seems unstable.

Next step is to compare with other methods. Initial conclusion is that NIST is consistently better (expected result).

Bluetest: true those results for NIST are consistently better. This does not say anything about which method is more correct at this stage.
Spirent: same ranking, but UMi and UMa are not the same environment as the channel models agreed.
Vodafone: looking forward to seeing similar results for other methods. Then we can compare “reverberated” UMa/UMi with agreed UMa/UMi.
Motorola: Agrees Spirent, and Vodafone.
Vodafone: It would be good how different are Uma and Umi in anechoic chamber.

Motorola: It’s necessary to have a direct comparison, between SCME Umi/Uma  measurements between RC and Anechoic chamber

Way Forward: Noted.
Generic

	R4-124557
	Controlled Field Test trial with Reference Antennas
	Vodafone
	Discussion


Notes:

R&S: nice approach, and related to this group activity.
· eNB: how to ensure payload to measure throughput? How to avoid that some other user attaches to this eNB?
· Good, medium and bad? Is that reference antennas.
· What explains the wiggly shape of the curves in section 2.8?

· Some editorial comments

Vodafone: Throughput is measured with logging tool by making FTP measurements to non BW limited server located within the network. The Good/Medium/Bad are radio conditions. The figures are just examples of how the analysis of data may look like. Random noise was added on top of hyperbolic functions as a way to guess how the data may look like.
Spirent: RB allocation not always 100%. And MCS is varying. 
Vodafone: We acknowledge this. The MCS, and RB allocation is to be captured with time stamp. Solutions, either the appropriate data is considered for the analysis, or the data is weighted according to the allocation, so that throughput can be derived for the 100% case.
Spirent: Placing DUT on top of car will impact antenna performance due to addition of ground plane.

Vodafone: Holder of the DUT is challenging. Proposal is to put it outside the car several lambdas separated from the top of the car to avoid ground plane effect.

Motorola: discussion on ground plane effect. Offline discussion with Vodafone.
Spirent: lot of test cases. Objective may be to compare with labs, will this be possible?
Vodafone: Original idea was to configure the eNB as eNB emulator to directly compare with labs. Some conditions are not possible so either we consider only those values that can be compared, or we configure eNB emulator to similar configuration as in field test.
Bluetest: interesting activity. Only one direction? Propose the device to rotate in 3D. Otherwise may be less realistic.

Motorola: We don’t have 3D channel models.

R&S: height of eNB antennas?

Vodafone: 15m? need to check

ATR: more info about config, height of BS, and UE. Photo of antenna, car, and positions.

Vodafone: Will provide this info.

Way Forward: noted
6. (1) Simulations

	R4-124704
	Reference antenna performance simulation and test
	Agilent Technologies
	Discussion


Notes:
Motorola: did Agilent make measurements of gain, imbalance, correlation before tests? Compared with figures of merits published by Motorola (presented in previous R4 contribution)?
Agilent: will check antenna used.
CATR: antenna pattern is tested in our certified labs.

Motorola: all antenna figure of merit; i.e. 3D total efficiency, gain imbalance and magnitude of complex correlation coefficient, can be post processed from China Mobile chamber measurements, then compared with Motorola/Satimo published data
Agilent: need to check the data used for the antenna. Will get directly data from Satimo.

Way Forward: noted
7.  (2) Testing in Elevation

	R4-124701
	Analysis of Reference Antenna Performance over Different 2D Elevations
	Agilent Technologies
	Discussion


Notes:

Motorola: this is expected. For B13 antenna pattern is “donut” shaped. Null may be pointing towards incoming signal.
Agilent: interesting point raised. Probably good to test with controlled noise in good radio conditions (high SNR) to mitigate this effect.

R&S: averaging , UMa was measured?
Agilent: will check

Spirent: test in high SNR seems to be a more adequate testing point. Data shown at a previous CTIA show panel session. Plan to be presented in next RAN4 October meeting.

Nokia: was this 2D methodology agreed?
Agilent: not yet.

Vodafone: if we tested in high SNR, the different elevations, the differences would be somewhat less noticeable?

Spirent/Motorola: yes. Correlation is the fact. Not gain.

Agilent: 

Motorola: the correlation the correlation isn’t depending on the antenna spatial position/rotation, despite variation on Mean Effective Gain (MEG) and gain imbalance, the correlated antenna maintain its characteristics, as well as the uncorrelated antenna. The bad correlated antenna is bad at all orientations.

Spirent: we have used real antenna patterns (which correlation changes with orientation) and we have seen that results are not differing to each other at different elevation cuts.

R&S: In Feb2011 discussed this. We presented the first discussion on this 3D topic. In 2-channel method we could see differences.

Spirent: Current tests are without SNR. Current differences are dominated by antenna gain differences.

Agilent: not all antennas have good correlation for all orientations.
Way Forward: noted.
	R4-124709
	TP to 37.977 on evaluation of UE at different elevations
	Agilent Technologies
	Discussion


Notes:

R&S: support proposal
Spirent: not sure why this needs to be added. We have not really validated this yet. Prefer to leave it open currently.
Agilent: that does not mean we have not the need to test 3D. We have only done 2D in the past.

Bluetest: also support this proposal.
Motorola: important the method evaluates 3D performance. This is a 2D measurement, and repeated at elevations. The sum of 2D measurements can’t be used to draw conclusions on 3D environment, a 3D channel model and MIMO OTA test implementation is required..
Elektrobit: not fully validated this. Leave it like it was.

Agilent: raise awareness of the issue.
Way Forward: noted
8. (5) Method based contributions

Multi-probe chamber methods

Reverberation chamber methods

2-stage

	R4-124705
	Evaluating self interference using UE reports
	Agilent Technologies
	Discussion


Notes:
Figure 2 missing

Way Forward: revised in R4-124902
	R4-124902
	Evaluating self interference using UE reports
	Agilent Technologies
	Discussion


Notes:
Chair: Figure 11 red is 2-stage. Blue is full OTA. Channel model?
Nokia: noise can be selective in frequency while AWGN is not. And interference is equal across antennas.
Agilent: self desense issue of the UE, and our assumption is that this self-interference is broadband. About imbalance, we could have used independent RSRP, and RSRQ per antenna. This can be discussed if considered essential.
Nokia: UE tx noise is wideband. There could be other sources of noise that are not wideband. RSRQ per antenna not defined. Recommendation is to deal with this in main session for experts about mobility measurements.
Motorola: different devices under the same noise can provide different results. Not sure if for certification we can use what the UE reports.
Agilent: we provide known noise and it is an effective calibrated RSRP/RSRQ measurement. Result needs to be consistent (it is a relative measurement), accuracy is not an issue as by the known noise injection.
Nokia: relative RSRP tolerance is not because of noise, it is because of linearity issue. Issue with hysteresis.
Agilent: we recognise there are those issues. We work under the assumption that UE provides stable measurements.
Way Forward: Agilent to work on further follow up based on the issues raised. Noted
The following LS to RAN1 in response to LS R4-

	R4-124696
	Draft Reply LS on UE measurements in support of the two-stage MIMO OTA test method
	Agilent Technologies
	Discussion and Approval


Notes:

Nokia: Q1: not wrong. But not totally precise
Q2:lack of details to conclude on this.
Q3:

Q4: not clear if adds anything

Q5: first we need to know what to define

Q6/7: we have not studied this yet.

Way Forward:

	R4-124312
	Discussion on RAN1 LS questions on UE measurements for the two-stage MIMO OTA test method
	Nokia Corporation
	Discussion


Notes:

Way Forward: Noted
	R4-124310
	Draft Reply LS on UE measurements in support of the two-stage MIMO OTA test method
	Nokia Corporation
	Discussion and Approval


Notes:

Way Forward: Noted
	R4-124654
	Draft Reply LS on UE measurements in support of the two-stage MIMO OTA test method
	Qualcomm
	Discussion and Approval


Notes:

LS discussion: 3 previous documents are discussed simultaneously.
Q7: Discussion about the 3 proposals. Some divergence between answers. Discuss offline. Potential answer (to be fine-tuned in Draft LS) might be that accuracy level is not yet agreed, or being discussed.
Q6: Discussion about the interpretation of timing concept. Qualcomm proposal considered the time between making measurement request and time to answer, while the other two proposals were on the area of measurement time. For the former needs to be discussed (current proposal of 1 sec may be high), and the latter was ranged between 1ms and 10ms. It is acknowledge that it may depend on the band/BW.
Q5: Seems agreement is in putting in core specs, but test specs can be ok too.
Q4: Discussed in separated contribution. Proposal is to merge everything in one single LS.
Q3: There is agreement that this measurement shall be done only in test mode conditions, and not in normal operating mode.
Q2:

Moto: antenna connector (internal port in the device, no access), RF antenna port are different things. We may risk measuring in the wrong place.

Agilent: the RF port is standardized for the conducted tests. No ideal location, but only one.
Spirent: in full OTA you don’t have the effect of RF port.

Agilent: 2 issues 1) due to the place in which measurement is taken and the calibration associated. 2) the linearity effects that could be calibrated by the associated measurement process.

Q1
Nokia: In CA you may need to have subband measurement
Agilent: In that case you would measure per carrier

Nokia: Some cases interesting to measure at edges, so subband.

Agilent: that also may apply in single carrier case (20MHz). In edges of band it may be necessary to measure in narrower bandwidths. Problem is when assumption of the channel is not flat, probably at band edges.
Chair: Seems not clear agreement. Question remaining is how this would compare to a method that measures the 20MHz performance of the device with a method that does not make radiation pattern measurement and do not have the implications of the band edges?

Agilent: This may look that several measurements are needed for the 2-stage to be comparable with other methods, especially if edge band effects.
Way Forward:
Return to Q1 and Q2 need offline discussions and Q3-7 can easily be addressed. Condensed response will be prepared for Thursday main RF session, so doc is available at RRM session in the afternoon for discussion. LS to be sent to RAN1-2-5
	R4-124699
	Draft LS on UE measurement reporting in support of the two-stage MIMO OTA test method
	Agilent Technologies
	Discussion and Approval


Notes:

Chair: To be considered when drafting LS response with previous LS draft responses.
Way Forward: Noted
2-channel method

9. Conclusions: Way forward discussion

AWGN:
Chair: in TR there is no AWGN, are tests considering this in when comparing tests? How is AWGN introduced in the test. AWGN should not be introduced before chamber as then this AWGN is not well Gaussian, especially in anechoic method. And also because it makes difficult to compare methods, as if AWGN is not similarly introduced this may have an effect.

SNR discussion:

Chair: Better to address this in proper text proposal in next RAN4 meeting.

Review of WF document, of pending actions, and definition of next steps.

Withdrawn documents:

	R4-124564
	Impact of Device Tilts on MIMO OTA Measurements
	Spirent
	

	
	
	Spirent Communications 
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