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	Agenda item
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	2
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	4
	Work item conclusions

	5
	Other


1
General
	TDoc
	Title
	Source
	Type

	R4-1704657
	MIMO OTA email discussion
	Intel Corporation
	report


Summary of proposals:

	Topic
	Recommendations

	Understanding of the observed behaviour
	The observed behaviour is not typical for all UEs. It can be observed in select bands but not in every supported band. In seeking solutions to the observed behaviour care should be taken to avoid solutions that potentially disadvantage certain UE implementations in a way that would not be observable in real network conditions.

	Proposed definition of P_MODE (for MPAC and RTS)
	Two companies prefer Option 1

One company prefers Option 2

One company proposed a new option

	Proposed definition of sensitivity value per stirring state (for RC+CE)
	One company prefers Option 1

Two companies prefer Option 2

One company proposed a new option

	Proposed measurement procedure for MPAC
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

Two companies have raised concerns with the proposed advanced search algorithm

	Proposed measurement procedure for RTS
	One company proposes an SNR linearity verification during the 1st stage and no change to the 2nd stage

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Proposed measurement procedure for RC+CE
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Views on potential applicability issues
	One company proposes an applicability condition for the RTS method based on the SNR linearity verification in the 1st stage, and further clarification was provided RSAP monotonicity verification


Discussion:
No discussion; noted
2
Harmonization part
2.1
RC+CE maintenance
No contributions
2.2
RTS maintenance

	TDoc
	Title
	Source
	Type

	R4-1704576
	Number of ATF Measurements for RTS Isolation Measurement
	ROHDE & SCHWARZ, Keysight Technologies
	discussion

	R4-1704577
	CR on Number of ATF Measurements for RTS Isolation Measurement
	ROHDE & SCHWARZ, Keysight Technologies
	CR

	R4-1704579
	Channel model validation procedures for RTS
	ROHDE & SCHWARZ, Keysight Technologies
	discussion

	R4-1704620
	CR on Channel model validation procedures for RTS
	ROHDE & SCHWARZ, Keysight Technologies
	CR

	R4-1705667
	RTS applicability for > 2 Rx
	Keysight Technologies
	CR


Summary of proposals:
· Isolation measurements

· [R4-1704576] Proposal: Remove the square brackets in the TR and specify the min number of averages to 200 -> Noted
· [R4-1704577] CR implements the above proposal -> return to
PCTest: how is convergence on only one device considered sufficient?
Intel: it seems the curve may not converge at 200 points; is this sufficient?

Keysight: the figures used fading channel; the device is stable

PCTest: fading statistics can vary across devices; this may be modem-dependent

Keysight: this analysis is very stable; we don’t think this issue is modem-dependent

Spirent: if Keysight can do more analysis for more devices, is it possible to include devices which integrate external LNAs? How will this impact isolation?
Keysight: this measurement is made at a high power level

· Channel model validation procedures

· [R4-1704579] Discussion of the proposed procedures -> noted
· [R4-1704620] CR implements the proposed procedures -> revise
PCTest: geometric based channel models are mentioned, but these are out of scope; the procedure for RTS should rely on 2 Rx antennas; distinction between the BS antenna assumptions and chamber antennas should be maintained

R&S: from the setup perspective geometric vs. correlation based is the same; we can present geometric later; we have dual-pol antennas, and we can model the two

Keysight: let’s discuss this directly with PCTest; diagrams could be improved

· Applicability for >2 Rx
· [R4-1705667] CR implements >2 Rx applicability rule -> revise
PCTest: there is no corresponding detail behind the scalable claim; UE may combine or weigh antenna signals in different combinations

Intel: we would prefer to see data to support the >2 Rx applicability claim

Keysight: we don’t understand what data is needed
PCTest: without justification that this is scalable and achievable, it is hard to put this in a table; can we show that proper isolation can be achieved for more than 2 Rx?
Keysight: we can change to “applicability right now is we support 2 antennas; beyond that is FFS”

MVG: suppose we have 3 Rx, and then 3 probes must be used; which kinds of probes? What is the distance between the probes?

2.3
Harmonization outcome

	TDoc
	Title
	Source
	Type

	R4-1705191
	Measurement uncertainty of the RTS system for harmonization test campaign
	CATR
	discussion

	R4-1705192
	Measurement uncertainty of the MPAC system for harmonization test campaign
	CATR
	discussion

	R4-1705211
	Measurement uncertainty of the RC+CE system for harmonization test campaign
	CATR
	discussion

	R4-1705463
	MIMO OTA Harmonization - Results of First Set of Bands
	CTTC
	other


Summary of proposals:

· [R4-1705191, R4-1705192, R4-1705211] MU assessments of the harmonization lab -> noted
PCTest: the values that are presented are very representative; we would like to see some backup data
Keysight: do you mean the source?

Intel: for RC+CE we use 400 SF per state; this incurs a 0.22 dB MU element

CATR: the final exp. MU for RC+CE is 1.90 dB; most of the parameters were from the equipment data sheets; some were measured; we can share details offline
CTTC: for the MPAC analysis, there is a discrepancy in the throughput step (0.5 dB vs 0.25 dB)

PCTest: 0.5 is the step size; 0.25 is for two-sided MU and applies to every method

· [R4-1705463] Preliminary harmonization analysis by CTTC -> revise
· NOTE: a draft revision of this analysis has been shared on the reflector

The following papers were submitted late or are drafts:

	TDoc
	Title
	Source
	Type

	R4-1704750
	MIMO OTA harmonization testing results (part 3)
	CATR
	other

	R4-1704578
	Analysis of Harmonization Results
	ROHDE & SCHWARZ
	discussion

	R4-1704661
	Harmonization analysis
	Intel Corporation, CATR
	discussion

	R4-17xxxxx
	MIMO OTA Harmonization – Results of First Set of Bands [revision]
	CTTC
	other


Summary of proposals:

· [R4-1704750] part 3 of the harmonization results -> noted
Bluetest: we would like to thank CATR for a very significant effort on behalf of all of us

MVG: the data from RTS has been measured by using 1 dB steps; is there a reason why 1 dB step was used?

CATR: due to the number of devices to be tested, we increased the step to save time and to finish all of the measurements in time; in the first harmonization activity we also used 1 dB steps

Bluetest: in this data the RC+CE results were spread across a large time frame; in between there were discussions across all methods; there are some slight changes in settings for some of these devices; however, our analysis does not expect that those minor variations should impact the test results

CTTC: we are making verification tests whether these variations have an effect; per harmonization test plan, we were supposed to make devices available for all the bands; we did make a request to CATR to measure additional devices, but time could not be found; this is the reason for the number of devices in the TDD bands
CATR: to CTTC, we did not receive any additional devices for additional TDD tests; because we have many projects, we do not have any more time for the harmonization activity; we should not test any new additional cases for harmonization

· [R4-1704578] R&S analysis -> return to
· Proposal: Based on the available data, RTS shows it can harmonize with MPAC while RC+CE does not

R&S: in this analysis we have used different P_MODE search algorithms
Bluetest: we think the R&S analysis is the test so far; the proposal as written is too high-level; more band-specific variation should be shown

CTTC: there are a few assumptions made here that have not yet been agreed

Spirent: Q for RTS, from the data, it seems that the RTS method is compressing when the second stage kicks in; we believe this is because the phases are shuffled when the new stage kicks, and this causes the radio link to become non-optimum as they were calibrated; we would like to know if there is something being done to mitigate this issue

R&S: to Bluetest and CTTC: we need to know what details are being flagged

CTTC: we would like to flag the selection of the P_MODE and the averaging way is not agreed, the way to average the situation where the curves don’t reach some of the outage values is not yet agreed, we prefer to take this offline

PCTest: the performance work had agreed an approach to handling the case of points not meeting the outage level; we should extend this procedure to RC+CE in accordance with the WID and TR 37.977; -80 dBm/15 kHz should be used as the substitution value and is not test method specific
CTTC: we are proposing to use what was agreed for the harmonization 
Intel: we should align the RC+CE way of handling this with the TRMS agreement

PCTest: the agreement on the max RS-EPRE is independent of test method as the substitution value

R&S: we have made a lot of changes to processes, and those agreements need to be taken into account; we should apply the substitution approach to RC+CE

· [R4-1704661] Intel/CATR analysis -> return to
· Proposal 1: For all FDD bands tested in the MPAC/RC+CE harmonization, the harmonization cost varies between 1.19 and 2.58 dB; this exceeds the harmonization targets in these bands and, therefore, harmonization between MPAC and RC+CE cannot be confirmed for FDD.
· Proposal 2: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target and, furthermore, the robustness of selecting an offset based on 3 devices which are not outliers poses the risk of increasing the uncertainty of a performance requirement measured in this way.  Because the robustness of the offsets calculated for the TDD bands cannot be confirmed, harmonization between MPAC and RC+CE cannot be confirmed for TDD.
· Proposal 3: For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.
· Proposal 4: Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization have been proposed, based on the current understanding of the RTS methodology capabilities:

· The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported

· The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment

· The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors

· There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.

· RTS is harmonized for FDD bands. TDD harmonization has not been confirmed.

Bluetest: this is also an in-depth analysis; on P1, we disagree that B5 misses the harmonization criterion; but in the R&S analysis there is a different outcome; on P2, the analysis did account for the sample size, and we do not agree

CTTC: reference 5 is incorrect; we do not agree with target cost being set to 1.5; on P1 we do not agree, as explained in our analysis; on P2, if the cost is within the bounds, therefore harmonization can be confirmed; on P3 the criteria should be fairly used for all methods; on P4 line 5 we prefer “TDD harmonization has not been validated”
· [R4-17xxxxx] CTTC analysis -> return to
· Strange behavior of KS_2 device in band 7 for RC+CE

· Strange behavior of RS_5 device in band 13 for RC+CE

· The distribution of the observed residuals, with has been agreed to be studied instead of just maximum deviation 

· Devices that have been reported to have an unusual non-linear throughput curve due to the activation of a gain stage and their potential applicability issues

· The different deviations found for the two outage values depending upon performance MPAC labs

CTTC: R3 and R4 have the same content
PCTest: we should use the substitution method and not discard the data; this could result in not having equivalent metrics; there have not been any proposal on residual distributions; but we should not remove data from any outlier device as the purpose is to determine that each harmonized method is capable of producing the same results within the harmonization cost; we agree with Intel that if we lower the number of devices, then this isn’t just a statistical exercise; there are aspects associated with chipset diversity, different antenna system topologies, different DUTs, etc. we should not try to consider such a low number of devices

R&S: we talked about the substitution approach and the non-linear behaviour over email; there is analysis done on lowest to highest; we look at the numbers here, and for certain bands harmonization does not seem possible; this is the data, and we should conclude on the available data

Intel: we should align the handling of curves which do not reach target KPI with the agreement on TRMS
CTTC: we should examine target harmonization bound at low and high points; regarding removal of devices, we would like to define applicability criteria for RC+CE; regarding handling of curves we prefer a wide variety of options; when the average TPT of the highest power does not reach outage value, then that test should not be accounted for
PCTest: it seems that handling of outages for RC+CE is leading to disagreements; in our understanding, the substitution approach is not method-specific

3
Performance part
3.1
MPAC maintenance

	TDoc
	Title
	Source
	Type

	R4-1704751
	Noise issue in MPAC system
	CATR
	discussion

	R4-1705734
	Channel model Validation results
	ETS-Lindgren, MVG Industries
	discussion

	R4-1705735
	Channel model validation results
	ETS-Lindgren, MVG Industries
	CR

	R4-1705711
	MPAC SCME UMi V/H clarification
	Spirent, R&S
	other


Summary of proposals:

· [R4-1704751] noise issue in MPAC -> noted
· Observation 1: Amplifier noise will impact on MIMO performance, especially in low frequency bands.

· Observation 2: Although the same test equipment are utilized, the MIMO performance could have large gap by using different chamber.
· Observation 3: Even in the large chamber, the amplifier noise will also impact on the MIMO OTA performance. 

· Observation 4: For ADTF OTA measurement, the MIMO performance error can be corrected by using additional attenuator before EUT receiver.

· Observation 5: Attenuators should be added after each port of the amplifier for MPAC system to realize the noise reduction, if the lab’s amplifier has large noise floor, especially for low frequency bands.

· Observation 6: The system noise should be carefully treated for the MPAC noise-limited test.

· When performing the MIMO-OTA testing in UE noise-limited MPAC systems, the amplifier noise may affect the testing results, especially in small chamber and in low frequency band.
Bluetest: this paper provides good insight into some of the lab alignment issues; it is clear that the data provided here is not sufficient to cover all lab alignment issues

CTTC: the correction on this effect made by one of the labs brought more uncertainty
NTT DOCOMO: we have observed that even when using the same chamber, the performance of noise of amplifier should be constant in the performance work or harmonization work

MVG: To CTTC regarding the Lab2 retest, this retest was done without any changes to the amplifiers; they just changed the UL power control; the change in low band performance was not caused by amplifier noise

Intel: can MPAC solution providers consider preparing a verification procedure for noise floor?

MVG: this can be an action item for the lab alignment activity

ETS: we agree with MVG

CTTC: we need to track what is happening

MVG: we also intend to provide the results
· [R4-1705734] channel model validation results -> noted
· associated CR in [R4-1705735] -> revise
PCTest: on B13 temporal correlation in System1 CE1, this looks really close to the limit lines; can we compare the raw data to the actual tabular limits?
ETS: we can further take a look

CTTC: given the lack of alignment between MPAC labs, we cannot accept this CR; this CM validation does not seem to be enough; something is missing
MVG: it is hard to understand what CTTC is asking for; MPAC solution providers have been asked for fresh data of CM validation; since 2013 something has changed, and we have provided fresh data
Keysight: the time resolution on the PDPs seems to be different to the figures in the TR
PCTest: there has been a refinement in the procedure agreed in a recent meeting to average over 9 points
ETS: we agree with PCTest

·  [R4-1705711] SCMe UMi V/H clarification -> noted
· Proposal 1 RAN4 accepts the presented correction for V/H ratio of 0.74dB
Keysight: we support this contribution
CTTC: have the results in performance and harmonization activity accounted for this change?

Spirent: this corrects a misunderstanding of the V/H ratio; there is a difference of 0.09 dB; we do not think that either CM provider was targeting the incorrect target value; this is just a correction of the specification

Agreement: RAN4 accepts the presented correction for V/H ratio of 0.74dB
Submitted late:

	R4-1705669
	CR on Theoretical V/H Limits
	Rohde & Schwarz, Spirent Communications, Keysight
	CR
	Submitted late


Can this CR be endorsed?
No concerns; it is endorsed
3.2
Lab alignment

	TDoc
	Title
	Source
	Type

	R4-1704528
	Measurement results of re-testing PAD devices for lab alignment test activity
	NTT DOCOMO INC.
	other

	R4-1704659
	MIMO OTA lab alignment analysis
	Intel Corporation
	discussion


Summary of proposals:

· [R4-1704528] Re-tested PAD data -> noted
· In this contribution, re-evaluation of PAD devices are provided, and further discussion and analysis are very helpful to promote this work
NTT DOCOMO: the number of subframes is defined as 20,000 in the TR, but because of time limitation, SGS used a different number of subframes; this should be captured
CATR: it is interesting to see the data that one devices does not reach 95% but 70%; the average FoM should be checked carefully

· [R4-1704659] lab alignment analysis -> noted
PCTest: on the B7 and B41 data, it is not clear what was done to determine the antenna center for the higher bands; also, the paper claims that both of the labs are CATLs, but one is not yet a CATL for MIMO OTA

Bluetest: the options presented here should be considered when we review the revision

Intel: antenna center was determined from FCC filings for the devices and shared among all labs making measurements; regarding CATL status we should update to be correct
The following documents were submitted late or are new drafts:

	TDoc
	Title
	Source
	Type

	R4-1705313
	Measurement results of PAD devices for lab alignment
	CATR
	other

	R4-1705828
	CTIA & CCSA Combined comparison test plan and proposa
	Huawei, CATR
	other

	R4-17xxxxx
	MIMO OTA lab alignment analysis of three labs
	Intel Corporation
	discussion


Summary of proposals:

· [R4-1705313] PAD data from Lab3 -> noted
· Observation 1: At both 95% and 70% outage, the PAD_2 testing results measured by CATR MPAC lab for different activities (over 1-year time span) have the offset within 0.8dB, which shows the excellent accuracy of the system. 

· Observation 2: At both 95% and 70% outage, the MIMO performance of some former harmonization devices has an offset within 1dB. 

· Proposal: We suggest the MIMO group to select the MPAC alignment results from CATR as the reference for the lab alignment activity.

CTTC: our understanding is that first there would be an alignment across MPAC labs used in the performance pool and then alignment with the harmonization lab; we do not agree with CATR being the reference lab

Keysight: there is a lot of history with CATR and good alignment between MPAC and RTS, which strengthens our confidence with this lab; we have strong confidence with CATR; regarding Lab1 and Lab2 there have been some issues with stability and procedure; these are reasons to investigate; the greatest experience in this industry comes from CATR, and this is the best reference we have
Intel: we also prefer that CATR should be the reference lab

CTTC: there is no reference lab definition in 3GPP and that would be test vendor dependent, which we think it is not allowed in 3GPP due to commercial reasons
Chair: regarding the proposal, how many companies are concerned? 2 companies are concerned
· [R4-1705828] CTIA & CCSA comparison test plan -> noted
· Observation 1: In MPAC, measurement under Uma channel model is much variable than that under UMi.

· Observation 2: Same compensation values used in UMi lead to larger differences in Uma among the chambers.

· Observation 3: Root causes for difference in UMa are still unknown.

· Suggestion: The key settings in MPAC should be confirmed/audited by experienced stuff BEFORE the comparison tests could be executed
Keysight: is this the same information as was presented to CTIA?

Huawei: there are some updates; we updated the test plan; some data has been updated for the comparison test; each involved lab should test the UL path loss and record the data for review
CTTC: what differences across MPAC labs did you find in CCSA? How many dBs?

Huawei: it depends on the situation; the worst case for UMa, it could be more than 3 dB; the difference can be for a lot of reasons, such as incorrect procedures being followed; this is why the laboratories should complete the Q&A sheet; MU is not the concern for the comparison test
Chair: in the context of lab alignment in 3GPP, what are some steps we should take?

Huawei: the involved labs should answer the Q&A table; otherwise, the final result could not be explained

PCTest: when we look at some of the data presented for UMi, we see general alignment across all the labs; we can see that the proposals can help; UMa is not in scope for our activity in RAN4, and UMi data shows better alignment
· [R4-17xxxxx] Alignment results from three labs -> return to
· Proposal 1: The RAN4 lab alignment activity has uncovered a number of alignment issues between labs, and a root-cause investigation is needed together with adequate support by the interested companies.  Any progress on MIMO OTA performance requirements shall include the outcome of this investigation and, if needed, any additional validation procedures to be captured in TR37.977.
· Proposal 2: While the lab alignment root-cause investigation continues, Lab3 shall be considered the reference MPAC lab.  MIMO OTA performance requirement definition can continue using results from Lab3 or from other labs demonstrating alignment with Lab3.
· Proposal 3: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.
CTTC: we may not be able to say that we should continue to root-cause the issue; on P2 we cannot agree to root-cause investigation continuing
MVG: speaking for SGS, in order to root cause the lab misalignment, we were able to commit SGS to re-test the PAD devices during the week of May 29th. We also offer our assistance during this re-test; and we hope to incorporate Huawei’s proposal into the activity.

Bluetest: we are concerned that these proposals imply that we have a root cause investigation in place this week; we should reword the proposals to say that “because the analysis is not available, then we should consider the implications on the timing of the work item”
Intel: we are looking for noise floor validation procedures to be incorporated into the TR as part of the Lab1 investigation into misalignment causes

CTTC: in the data in the alignment pool there may be a different trend between outage values
Bluetest: P2 and P3  need to clearly separate performance requirement objectives from lab alignment objectives.
PCTest: by definition the MPAC reference for the harmonization activity would be Lab3
3.3
Performance requirements
	TDoc
	Title
	Source
	Type

	R4-1704658
	LTE handset TRMS measurements
	Intel Corporation
	discussion


Summary of proposals:

· [R4-1704658] TRMS measurements (for information) -> noted
Discussion:

The following documents were submitted late or are new drafts:

	TDoc
	Title
	Source
	Type

	R4-1704529
	MIMO OTA measurement results for band 1 and 19
	NTT DOCOMO INC.
	other


Summary of proposals:

· [R4-1704529] TRMS measurements (for information) -> noted
NTT DOCOMO: this contribution also has a different setting on the subframe number; regarding sample 1 and sample 2, these are measured with 20,000 SF; but others are measured with 5,000 SF
4
Work item conclusions
	TDoc
	Title
	Source
	Type

	R4-1704663
	LS on MIMO OTA progress
	Intel Corporation
	LS out


Summary of proposals:

· [R4-1704663] LS on MIMO OTA progress -> revise
· Conclusion 1: The alignment criteria were not met for any of the devices tested in the performance alignment pool

· Conclusion 2: The worst-case deviation in the total radiated MIMO sensitivity (TRMS) metric was observed to exceed 10 dB

· Conclusion 3: Initial investigations uncovered some root causes of the observed alignment issues, and a thorough investigation is ongoing among a number of companies with the intention to fully resolve the issue

· Conclusion 4: Due to the alignment issues, it is not possible for RAN4 to deliver TRMS performance requirements in time for the conclusion of the Rel-14 MIMO OTA Work Item

· Conclusion 5: Whether an extension of the work can be approved depends on the immediate progress of the root-cause investigations and on the work plan related decision in RAN
Bluetest: C5 does not actually state a WF and just opens a question; we should seek a more deterministic statement for this
R&S: we suggest to hold off sending this LS; this LS may give a bad impression of RAN4 progress; we should look at the latest data and then send the LS with a more positive outlook

CTTC: we are in favour of sending an LS by end of this week


The following documents were submitted late or are new drafts:
	TDoc
	Title
	Source
	Type

	R4-1704660
	On concluding the MIMO OTA Work Item
	Intel Corporation
	other

	R4-17xxxxx
	Proposals on concluding the MIMO OTA WI
	CATR
	other


Summary of proposals:

· [R4-1704660] Concluding the MIMO OTA Work Item -> noted
· Uses package of proposals from [R4-17xxxxx] “alignment results from three labs” to address the performance tasks

· Uses package of proposals from [R4-1704661] “Intel/CATR analysis” to address the harmonization tasks

· [R4-17xxxxx] Proposals on concluding the MIMO OTA WI -> return to
Chair: this document is still in draft stage; it will be the container of our agreements from further offline discussions
5
Other
The following documents have been reserved, and a status is requested:

	TDoc
	Title
	Source
	Type
	Status

	R4-1704664
	MIMO OTA evening adhoc notes
	Intel Corporation
	report
	To be submitted to the main session

	R4-1704530
	Reference measurement results for band 1 and 19
	NTT DOCOMO INC.
	other
	withdrawn

	R4-1704662
	CR on harmonization outcome
	Intel Corporation
	CR
	To be drafted once the harmonization outcome can be defined


6
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