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1 RRM testing methodology
1.1 Background
RAN4 #86bis: Way Forward on Proposals on Concluding the SI (R4-1805899)

· Background: The list of open issues from the latest status report RP-180235:
· For UE RRM testing methodology
· Define how to model propagation conditions between the DUT and the emulated gNB sources.
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget.
· Background: Evening AH agreements 

· NMAX_AoAs: 

· Baseline: NMAX_AoAs = 2

· Further study if NMAX_AoAs > 2 needed in the NR WI performance part (TR 38.810 v2.0.0 already states: For the scope of Rel-15 testing, it is assumed that NMAX_AoAs = [2]. The validity of this assumption depends on the definition of the test requirements.)

· Open items on RRM to be addressed in RAN4 #87 to decide on the applicability criteria

· QZ

· Whether RRM measurement shall be done in the far field and far field criteria

· RRM performance metrics and impact on the test methodology. Feasibility of using test methods for measurement of target RRM performance metrics.

· Proposals on open issues:
· NMAX_AoAs
· References related to more than 2 simultaneously active probes to be removed from the TR. 
· Quiet Zone and Far field criteria

· Option 1: Leverage as much as possible the corresponding Quiet Zone characterization and Far field criteria from RF DFF method [as baseline]. Extend this analysis for 2 probe scenario with different angular offsets.

· Option 2: Evaluate the impact of measuring in any of the 3 measurement areas (Reactive NF, Radiative NF, FF).

· Other methods not precluded.
· Fading Propagation Condition: 

· Channel modelling framework (i.e. methodology) adopted for Demodulation testing can be reused. Different parametrization not excluded.

· Metrics and Initial assessment of MU elements

· Identification of test metrics based on the current status of the Core Requirement (E.g. Timing accuracy, RSRP accuracy…) 

· Feasibility of metric implementation.

· Initial assessment of the MU elements related to the identified metrics.
1.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	General

	R4-1806290
	Proposals on concluding the SI
	Intel Corporation
	7.13.1
	available

	R4-1806292
	Proposals on open items for RRM and Demod
	Intel Corporation
	7.13.1
	available

	R4-1806603
	Considerations on RRM testability pending items
	Rohde & Schwarz
	7.13.3
	available

	R4-1807053
	RRM OTA Testing Aspects
	Qualcomm Incorporated
	7.13.3
	available

	TPs

	R4-1806293
	TP to TR38.810 on open items for RRM
	Intel Corporation
	7.13.1
	available

	R4-1806604
	TP for TR 38.810 on RRM
	Rohde & Schwarz
	7.13.1
	available

	R4-1807555
	TP for TR 38.810 v2.1.0 on RRM Baseline setup
	ANRITSU LTD
	7.13.1
	available


	Company
	Views

	Intel 
(R4-1806290)
	Proposal 6: Downselect between the 2 identified options for Quiet Zone and Far field criteria for RRM scope and capture corresponding agreements in the TR.

	Intel 
(R4-1806292)
	Proposal 1: Far Field criteria and applicability defined for the DFF UE RF test method can be also applied for RRM.
Proposal 2: The following test metrics are proposed to be considered for the study of the implementation feasibility for RRM test methods:

1. Accuracy of the UE reported measurements including RSRP, RSRQ.

2. UE TX timing accuracy

3. SNR accuracy and range

Proposal 3: For SNR accuracy and range, it is proposed to reuse the MU initial assessment framework defined for Demodulation test methodology. 

Proposal 4: Allow using Demodulation baseline setup to perform selected RRM metrics testing. Further decide the applicable test setup for the particular metrics as a part of NR WI performance part.

	R&S
(R4-1806603
)
	Proposal 1: TDL channel definition for RRM uses the framework of Demod, while the channel parametrization for RRM testing will be defined in the WI during simulation and requirement definition work. 

Proposal 2: The same Far Field criteria as for the RF baseline system (dependent on the respective method) applies to each AoA probe in the multi probe RRM OTA chamber.

Proposal 3: Requirement applicability in near and far field should be investigated in the WI during simulation and requirement definition work. Identification of requirements which can be tested in near field is beneficial. 

Proposal 4: The QZ in the multi probe RRM OTA chamber is the geometrical intersection of QZ´s of all individual AoA probes, where QZ´ is the quiet zone per AoA probe as per the definition of one probe RF baseline system. The center of the common QZ is taken as the reference for MU definition for each AoA probe. 

Proposal 5: The MUs in the multi probe RRM OTA chamber are assessed separately for each AoA probe. Due to different RRM baseline system deployment, an empirical investigation per different angular configuration (incl. relative angular offsets) is beneficial.
Proposal 6: If not necessarily required, RRM requirement based on time metrics should avoid time dynamic test environment, which implicate associated test system time uncertainties.    

Proposal 7: RAN4 should clearly specify the RRM SINR definition, including the reference point of definition in the OTA testing environment. 

	Qualcomm
(R4-1807053)
	RRM testing requires the generation of spatially white noise, input from test equipment vendors on the feasibility of generating such noise in an anechoic chamber is needed. 

The spherical coverage of EIS will impose some constraints on the RRM testing procedure (limited positions under which RRM test can be run), further study of these constraints and whether a setup with more probes on different axis is needed is necessary.  

	Anritsu

(R4-1807555)
	There are currently no RRM Test Cases defined in TS 38.133, but from knowledge of the Core requirements it is possible to define the main metrics. For many test cases the UE is subjected to specific Downlink conditions, and expected to make a response on the uplink, for example to transmit something within a specified time. The test system is required to provide the Downlink conditions within a defined uncertainty for the test to reliably give the correct verdict, and therefore the Downlink conditions in effect become a metric of the test system.

· DL RSRP level arriving at UE (from a specified AoA)

· SNR of DL signal arriving at UE

· Relative DL RSRP level of 2 signals arriving at the UE

· From intra-frequency or inter-frequency cells

· From the same AoA or different AoAs

· Relative DL timing of 2 signals arriving at the UE

· Faded DL channel for each signal arriving at the UE

· Metrics for quality of channel model are FFS

· UL PRACH level transmitted by the UE

· Relative UL PRACH level transmitted by the UE

· Timing of UE UL transmission relative to DL signal

· Relative timing change of UE UL transmission relative to DL signal

· Timing measurement of UL events caused by events on the DL 

· AoA for signals arriving at the UE

· Resolution and range of static scenarios

· Metrics for scenarios where the AoA changes with time are FFS




1.3 Discussion

Question #1: Quiet Zone and Far field criteria
· Far field criteria

· Option 1: Far Field criteria and applicability defined for the DFF UE RF test method can be also applied for RRM (Intel).
· Option 2: The same Far Field criteria as for the RF baseline system (dependent on the respective method) applies to each AoA probe in the multi probe RRM OTA chamber (R&S)

Discussion: 


QC: Does option 2 mean that each probe has its own QZ? 

Conclusions: 

· Far field testing is used as baseline for RRM testing. Other conditions can be discussed
· When far field testing is used for RRM Far Field criteria and applicability defined for the DFF UE RF test method applies
· Quiet zone

· Option 1: QZ in the multi probe RRM OTA chamber is the geometrical intersection of QZ´s of all individual AoA probes, where QZ´ is the quiet zone per AoA probe as per the definition of one probe RF baseline system. The center of the common QZ is taken as the reference for MU definition for each AoA probe. (R&S)
Agreements: 

A DFF measurement setup has the center of the QZ zone located at the center of the rotational axes (of DUT and measurement antenna). For the multi-probe RRM measurement baseline setup based on DFF, the vertices of the N probes have to be aligned to the resulting center of the QZ. The center of the QZ is taken as the reference for MU definition for each probe. The same QZ size as per RF measurement baseline setup based on DFF applies

Question #2: Whether to allow near field modeling for some tests

· Option 1: Requirement applicability in near and far field should be investigated in the WI during simulation and requirement definition work. Identification of requirements which can be tested in near field is beneficial (R&S)
· Option 2: Allow using Demodulation baseline setup to perform selected RRM metrics testing. Further decide the applicable test setup for the particular metrics as a part of NR WI performance part. (Intel)

Discussion: 

R&S: Some requirements may be tested in near-field. Near-field is anything but far-field.

Agreements: 
· Do not preclude using demodulation baseline setup to perform selected RRM metrics testing. Requirement applicability should be investigated in the WI during simulation and requirement definition work

· Do not preclude using near field to perform selected RRM metrics testing. Requirement applicability in near and far field should be investigated in the WI during simulation and requirement definition work
· Note: Near field corresponds to the measurement distance smaller than the distance for the Far field
Question #3: Fading Propagation Condition
· Option 1: TDL channel methodology for RRM uses the framework of Demod, while the channel parametrization for RRM testing will be defined in the NR WI during simulation and requirement definition work (R&S)
Agreement: TDL channel methodology for RRM uses the framework of Demod, while the channel parametrization for RRM testing will be defined in the NR WI during simulation and requirement definition work
Question #4: Test metrics and initial MU assessment
· RRM metrics to be supported by test methods

· Option 1 (Intel)

· Types of requirements

· UE measurements accuracy requirements 

· UE timing accuracy requirements

· Delay and behavioural/functional requirements 

· Interruption requirements 

· Metrics

· Accuracy of the UE reported measurements including RSRP, RSRQ.

· UE TX timing accuracy

· SNR accuracy and range

· Option 2 (Anritsu)

· DL RSRP level arriving at UE (from a specified AoA)

· SNR of DL signal arriving at UE

· Relative DL RSRP level of 2 signals arriving at the UE

· From intra-frequency or inter-frequency cells

· From the same AoA or different AoAs

· Relative DL timing of 2 signals arriving at the UE

· Faded DL channel for each signal arriving at the UE

· Metrics for quality of channel model are FFS

· UL PRACH level transmitted by the UE

· Relative UL PRACH level transmitted by the UE

· Timing of UE UL transmission relative to DL signal

· Relative timing change of UE UL transmission relative to DL signal

· Timing measurement of UL events caused by events on the DL 

· AoA for signals arriving at the UE

· Resolution and range of static scenarios

· Metrics for scenarios where the AoA changes with time are FFS

· Feasibility of metric implementation 
· MU assessment 

· MUs in the multi probe RRM OTA chamber are assessed separately for each AoA probe (R&S)
· Reuse SNR accuracy and range MU assessment from Demodulation (Intel)

· How to assess the MU is FFS
Agreements: Test metrics and initial MU assessment
· Test parameters for RRM testing to be controlled by TE

· SNR of DL signal at reference point
· DL power level at reference point (e.g. EPRE) (from AoA)
· Relative DL power level of 2 signals at reference point 

· From intra-frequency or inter-frequency cells

· From the same AoA or different AoAs

· Relative DL timing of 2 signals at reference point

· Faded DL channel for each signal

· AoA for signals arriving at reference point

· Metrics for RRM testing

· UL PRACH level transmitted by the UE

· Relative UL PRACH level transmitted by the UE

· Timing of UE UL transmission relative to DL signal

· Relative timing change of UE UL transmission relative to DL signal

· Timing measurement of UL events caused by events on the DL 

· Next steps
· Reference point definition for Test parameters for RRM testing to be controlled by TE is FFS (e.g. SNR)
· Verify feasibility of implementation of identified test parameters and metrics

· Initial assessment of the MU elements related to the identified metrics and parameters

· Reuse the MU elements in DFF method for RF testing as starting point, define the new contributors related to RRM metrics (if any)

· Identify key elements contributing to the MU. 

· At least analyse the MU factors and provide initial assessment for DL SNR and power level accuracy/range

· Detailed analysis of MU is up to RAN5

Question #5: Other
· How to handle testing and calibration aspects for RRM (6.2.1.4)
· Feasibility of spatially white noise  (QC)

· UE placement in the test and UE spherical coverage characteristics (QC)

· RRM SINR definition (R&S)

· RRM requirement based on time metrics should avoid time dynamic test environment (R&S)

Conclusions: Not discussed. Further discussion during the week is needed.
2 UE demodulation testing methodology
2.1 Background
RAN4 #86: Way forward on Propagation Model for Demodulation (R4-1803560)

· Background
· In RAN4-AH-1801 baseband only test methodology was agreed up on for demodulation performance testing in FR2. 
· Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.
· Assumes max rank 2 with cross polarized transmission
· Rank 2 spatial MIMO would not be included
· As a starting point an isotropic UE antenna pattern is assumed
· Proposal 2. Methodology for RRM testing in FR2 is further discussed during the SI.
· Way Forward

· Proposal#1: Define demodulation requirements with TDL channel models
· The detailed TDL definition is FFS
· Channel models defined for FR2 in 38.901 could be a starting point
· How the models can be emulated in the tests is FFS
· Generation of TDLs from CDLs is not precluded
· Proposal#2: Further study the modifications necessary to channel models to capture effect of beamforming and antenna pattern 
· Proposal#3: Further study the modifications necessary to simplify TDL channel models 
RAN4 #86bis: Way Forward on Proposals on Concluding the SI (R4-1805899)

· Background: The list of open issues from the latest status report RP-180235 is provided below:

· For UE Demodulation testing methodology

· Finalize the baseline measurement setup.

· Define how to model propagation conditions between the DUT and the emulated gNB sources.

· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget

· Proposals on open issues:

· Whether the system needs to be operated in the far field is FFS

· Option 1: System operates in far field

· Option 2: System operates in near field

· Whether and how to assess the Quality of the Quiet Zone is TBD.

· Perform an initial assessment of MU factors of target UE Demodulation performance metrics to evaluate the feasibility of test methodology
· Achievable SNR accuracy and SNR range
2.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	General

	R4-1806290
	Proposals on concluding the SI
	Intel Corporation
	7.13.1
	available

	R4-1806292
	Proposals on open items for RRM and Demod
	Intel Corporation
	7.13.1
	available

	R4-1807585
	On open issues for demodulation setup
	CATR
	7.13.4
	reserved

	R4-1807662
	Estimation of DL SNR and AWGN levels for demodulation and CSI requirements in FR2
	Rohde & Schwarz
	7.13.4.1
	available

	TPs

	R4-1806294
	TP to TR38.810 on open items for Demod
	Intel Corporation
	7.13.4
	available

	R4-1807557
	TP for TR 38.810 v2.1.0 on Demodulation and CSI Baseline setup
	ANRITSU LTD
	7.13.4
	available

	R4-1807665
	TP on DL SNR for demodulation tests in FR2
	Rohde & Schwarz
	7.13.4.1
	reserved


	Company
	Views

	General

	Intel 
R4-1806290
	Proposal 7: consider SNR accuracy and SNR range as target UE demodulation performance metrics in order to assess the feasibility of the test methodology.

Proposal 8: finalize the initial assessment of the MU for the identified target UE demodulation performance metrics by the end of RAN4#87. 

	Intel 
R4-1806290
	Proposal 5: allow the operation of the test system in the radiative near field (limit of the Fresnel region), defined according to the following formula:
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Where:

D = maximum diameter of the test volume. For smartphones D = 15cm

λ = wavelength

Proposal 6: The definition of the test volume and therefore the applicability criteria for other types of UE different from smartphones is FFS.

Proposal 7: SNR range shall be defined from [-3dB] to [20dB].

Proposal 8: SNR minimum accuracy shall defined as [1 dB].

Proposal 9: TX noise (TX EVM) from test equipment for Rel-15 testing shall not exceed [4%].

Proposal 10: the following factors are to be considered for the Demodulation MU initial assessment:

· Test method and TE characteristics

· Free Space Path Loss due to Measurement distance

· Probe antenna gain 

· TE TX power

· TE TX EVM (RF impairments)

· UE characteristics 

· Noise Figure 

· Antenna gain

· Implementation loss

	R&S

R4-1807662
	Observation: Further evaluations may be needed, further limiting the SNR and AWGN values.

Proposal: RAN4 takes the Maximum SNR and feasible AWGN levels into account when discussing NR FR2 demodulation and CSI requirements.


2.3 Discussion

Question #1: Whether the system needs to be operated in the near/far field
· Option 1: System operates in far field

· Option 2: System operates in near field

· Option 3: Allow the operation of the test system in the radiative near field (limit of the Fresnel region) (Intel)
Discussion: 

R&S1: radiative near field shall not be precluded. Need to further study MU in near and far field

R&S2: need to further study isolation
Agreement: Allow the operation of the test system in the radiative near field
Question #2: Minimum measurement distance

· Option 1 (Intel): Minimum measurement distance defined according to the following formula:
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· where:

· D = maximum diameter of the test volume. For smartphones D = 15cm

· λ = wavelength

Agreement: Minimum measurement distance defined according to the following formula:
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· where:

· D = DUT radiating aperture (D is vendor declared) 
· λ = wavelength

Question #3: Applicability to other types of UEs
· Whether/How to define the test volume and therefore the applicability criteria for other types of UE different from smartphones
Discussion: TBA

Conclusions: applicability criteria for other types of UE different
Question #4: Initial assessment of MU factors of target UE Demodulation performance metrics
· SNR range /accuracy:

· MU factors for SNR accuracy
· Emulated SNR level (i.e. supported SNR range)
· Free Space Path Loss due to Measurement distance

· Probe antenna gain 

· TE TX power

· TE TX EVM (RF impairments)

· UE Noise Figure 

· UE Antenna gain

· UE Implementation loss

· Methodology to calculate the SNR range / accuracy

· Option 1: Methodology in R4-1807557
· Whether to specify target SNR accuracy and range for UE demodulation testing

· What is the outcome of the MU assessment for the SNR range / accuracy

· Option 1: RAN4 takes the Maximum SNR and feasible AWGN levels into account when discussing NR FR2 demodulation and CSI requirements (R&S)
· Option 2: Specify requirements on the tested SNR range and minimum SNR accuracy. Conclude on feasibility to reach certain SNR range/accuracy (Intel).
· Where to capture the SNR range / accuracy MU assessment (Annex, section 7.3)
· Requirements of measurement equipment TX EVM level

· Option 1: TX EVM shall not exceed [X%] (X = 4%) (Intel)
· Other MU factors

· Summary of initial uncertainty assessment
· Proposals to conclude the initial MU assessment

Discussion:
R&S: We provide feasible range of SNR range / accuracy values. The values can be used on WI Performance part.

Anritsu: The difference in our results is due to the fact that we take UE implementation loss into account.

R&S: We’ll have framework for SNR assessment

Conclusions: Continue offline discussion based on Anritsu TR. Aim to first agree on the framework for SNR error / range analysis

Question #5: Other questions
· How to handle testing and calibration aspects for demodulation setup (7.2.1.4)

· Phase noise modeling in measurement equipment
Conclusions: Not discussed. Further discussion during the week is needed.
3 Channel models for UE Demodulation
3.1 Background

RAN4 #86: Way forward on Propagation Model for Demodulation (R4-1803560)

· Background
· In RAN4-AH-1801 baseband only test methodology was agreed up on for demodulation performance testing in FR2. 
· Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.
· Assumes max rank 2 with cross polarized transmission
· Rank 2 spatial MIMO would not be included
· As a starting point an isotropic UE antenna pattern is assumed
· Proposal 2. Methodology for RRM testing in FR2 is further discussed during the SI.

· Way Forward

· Proposal#1: Define demodulation requirements with TDL channel models
· The detailed TDL definition is FFS
· Channel models defined for FR2 in 38.901 could be a starting point
· How the models can be emulated in the tests is FFS
· Generation of TDLs from CDLs is not precluded
· Proposal#2: Further study the modifications necessary to channel models to capture effect of beamforming and antenna pattern 
· Proposal#3: Further study the modifications necessary to simplify TDL channel models 
RAN4 #86bis: WF on Channel model for Demodulation for FR2 (R4-1805895)

· Options for channel modelling:

· 2 options for channel models have been proposed
· Option 1. Use TDL channel models as described in 38.901 
· Each tap is modeled based on the Jakes fading model
· Generation of TDLs from CDLs is not precluded based on the procedure described in TS 38.901
· Option 2. Generate TDL channel model based on the methodology in next slide
· A methodology for deriving TDLs from CDLs is provided in 38.901, however, this process does not say how to derive the Doppler spread of each tap form the CDL
· This methodology also clarifies how the Doppler spread of each tap is derived on based on which parameters
· The Doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
· Proposed TDL Generation Methodology for Option 2:

· 1. The CDL framework in 38.901 is used to derive the non-spatial TDLs used for FR2 demodulation requirements
· 2. The TDL generation procedure will include spatial filtering using assumed gNB and UE antenna patterns
· gNB antenna model is FFS (one example is an 8x8 URA 0.5 λarray with 22.75 dB directivity as described in R4-1711826)
· For UE this is FFS
· 3. The Doppler spectrum for the TDL will be derived from the CDL and not assume a Jakes spectrum
· The Doppler shift of each tap will depend on the UE speed and movement direction, PAS, AoA, ZoA, ASA, ZSA
· 4. For each channel model for demodulation performance testing in FR2, following parameters need to be defined:
· Base CDL channel model defined in TR 38.901
· Delay Spread
· Angular Spread for AOA, AOD, ZOA and ZOD
· Mean Angle for AOA, AOD, ZOA and ZOD.
· Alternatively, Correlation between Tx antennas in case of more than one Tx antennas
· Way Forward:

· Proposal 1: Decide on the feasible TDL channel modeling methodologies as a part of NR Testability SI. Companies are asked to provide input on whether channel emulation is feasible for the two identified candidate TDL channel modeling methodologies 
· Proposal 2: If both candidate methodologies are agreed to be feasible, further down-select between the two in the scope of NR UE Performance requirements work
· Proposal 3: Further discuss the parameters (e.g. PDP) for the TDL channel models as a part of NR WI Performance part. 
3.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	R4-1806292
	Proposals on open items for RRM and Demod
	Intel Corporation
	7.13.1
	available

	R4-1806606
	Channel Model for FR2 Demodulation Requirements
	Qualcomm Incorporated
	7.13.4.2
	available

	R4-1807660
	Discussion on path delay tolerance for channel modelling
	Rohde & Schwarz
	7.13.4.2
	available

	R4-1807661
	Analysis of WF on channel models
	Rohde & Schwarz
	7.13.4.2
	available

	R4-1807848
	On suitability of Jakes Doppler spectrum model in FR2
	Keysight Technologies UK Ltd
	7.13.4.2
	available

	R4-1807850
	TDL Channel Model Considerations for Demod Testing
	Keysight Technologies UK Ltd
	7.13.4.2
	available

	R4-1807867
	Next steps on channel emulation definition
	Keysight Technologies UK Ltd
	7.13.4.2
	available

	TPs

	R4-1806295
	TP to TR38.810 on Propagation model definition
	Intel Corporation
	7.13.4.2
	available

	R4-1807664
	TP on path delay grid for channel models
	Rohde & Schwarz
	7.13.4.2
	available


	Company
	Views

	General

	Intel

(R4-1806292)
	Proposal 11: Test methods shall allow emulation of the static propagation conditions.

Proposal 12: The methodology for Doppler shift modelling based on spatial parameters for Option 2 multi-path fading TDL channel modelling methodology is FFS and needs to be further clarified. 

Proposal 13: Both options for multi-path fading TDL channel modelling methodology are feasible and further downselection shall be studied further in the scope of NR UE performance requirements. 

	Qualcomm

(R4-1806606)
	Proposal 1: Use CDL channel models defined in TR 38.901 to generate channel model for FR2 demodulation performance testing.

Observation 1: Jakes spectrum has completely different spectrum from CDL channel models and it does not capture any directional aspect. It is spread over [-fD, fD] for all clusters whereas Doppler spectrum for each cluster is different in case of CDL.
Observation 2: Omni-directional antenna at UE will see all the clusters while directional UE antenna will only see some of the clusters based on its orientation and beam width. In above figures, cluster 1 is seen with lower amplitude while cluster 8 is seen with similar magnitude with directional antenna compared to omni-directional antenna.

Observation 3: TDL and CDL channel PSD have different maximum power because CDL channel coefficients are not normalized to their second moment in equation 7.5-22 in 38.901 while TDL channel coefficients have unit variance. So, RAN4 needs to define the normalization procedure for CDL channel coefficients. 
Proposal 2: Define a new CDL2SP (CDL to Single Probe) procedure to generate channel model for demodulation performance testing. 

Proposal 3: CDL2SP is defined as applying CDL model with prescribed antenna responses at gNB and UE to generate a single probe (dual-polarity) output. 

Proposal 4: Use a standard, directional antenna response on the UE side of the CDL2SP procedure. The beamwidth of this standard model is proposed to be broad and have the same/similar directionality for both polarities (e.g. single patch antenna response).

Proposal 5: Define a field pattern for single patch antenna at UE as part of CDL2SP procedure.

Proposal 6: Define a procedure to normalize the CDL channel coefficients by fixing the assumptions on UE and gNB antenna models and orientations and UE speed for demodulation performance tests.
Proposal 7: For demodulation performance testing, the UE-side “standard, directional antenna” of Proposal 3 should be optimally oriented for the CDL2SP procedure, where “optimal” means that the orientation results in the maximum receive power given the standard, directional antenna shape and assuming the gNB transmits with an omni-directional pattern.

Proposal 8: Use an omni-directional response at the gNB side of the CDL2SP model to illuminate all directions from the gNB perspective.

Parameters for channel models:

Proposal 9: Define following common test parameters for generating the channel models:

1. UE antenna field pattern

2. gNB antenna field pattern

3. UE antenna orientation

4. gNB antenna orientation

5. Polarization at UE and gNB antennas

Proposal 10: For each channel model for demodulation performance testing in FR2, following parameters need to be defined:

1. Base CDL channel model defined in TR 38.901

2. Delay Spread

3. UE speed and direction

4. Angular Spread for AOA, AOD, ZOA and ZOD

5. Mean Angle for AOA, AOD, ZOA and ZOD.

	R&S

(R4-1807660)
	Proposal 1: An equidistant delay grid [image: image5.png]n AT
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  is sufficient for emulating the channel models in the TE.

Proposal 2: Paths that end up with the same delay will be combined into a single path by adding their respective powers.

	R&S

R4-1807661
	Observation 1: Implementation of channel models as per Option 1 in [1] can be seen as feasible.

Observation 2: Step 1 and 2 of Option 2 follow the procedure from 38.901 to convert a CDL into a TDL channel model.

Observation 3: How to model the Doppler spectrum for Option 2 in [1] needs to be described in detail to ensure proper implementation.

Observation 4: Further restrictions to the channel models may apply, based on the final parameters of the models.

	Keysight
R4-1807848
	Observation 1: Using geometric CDL models in OTA testing should not be problematic with any fading emulator or similar test equipment.
Observation 2: TDL models in 38.901 ([2]) do not consider appropriately the impact of Tx antenna pattern (regards Doppler or spatial correlation).

Observation 3: Jakes DPS deviates substantially from a typical DPS of beamformed mm-wave radio channel.

Observation 4: Using Jakes DPS instead of CDL models affects fading characteristics and may affect the link performance.

Proposal 1: Use CDL models of [2] in demod testing.

	Keysight
R4-1807850
	Observation 1: Noise filtering method with geometry based Doppler spectrum may be complex compared to the CDL model approach of [3].
Observation 2: A modified CDL procedure can be used to support correlation matrix defined MIMO correlation.
Proposal 1: CDL procedure with the sum of sinusoids method could be used for the Doppler modelling and fading coefficient generation in case proposal in [2] is not agreed.

	Keysight
R4-1807867
	Once the decision on how to derive TDL models (either directly TDL models or from CDL models defined in 38.901), next steps for channel emulation definition should be:

1. Decide which BS Tx antenna pattern should be used to simplify the channels:

· Either the ones defined in 38.803 [5] section 5.2.3.2

· Any other antenna implementation proposed by BS vendors

2. Define power threshold below which clusters are no longer significative

3. Decide how to perform delay spread and angular scaling

4. Decide how many channel model scenarios must be defined considering different frequency ranges and propagation scenarios with appropriate scaling.




3.3 Discussion

Question #1: Static propagation conditions
· Option 1: Measurement system shall support emulation of static propagation conditions for RRM and UE Demodulation/CSI tests (Intel)
Agreements: 
Measurement system shall support emulation of static propagation conditions for RRM and UE Demodulation/CSI tests 

· Details of static channels definition and how it is emulated in chamber can be further discussed 
· Static channel model definition

· Option 1: Static channel models as defined in TS 36.101 Annex B.1.1
· Option 2: Static channel models is the model invariant in time

Question #2: Channel model simplifications
· Reduction of the number of modeled taps for TDL
· 
Option 1: Keep taps contributing to [95%] of total power. Apply normalization of the normalized DS (DS RMS = 1) (Intel)
· 
Option 2: Make decision as a part of NR WI performance part
Discussion: 


R&S: It is preferable to cut the number of taps. Can do it later.

Agreements: Make decision on Reduction of the number of modeled taps for TDL as a part of NR WI performance part
· Delay grid quantization
· 
Option 1: Use equidistant delay modelling grid for TDL channel models after DS scaling with grid step ΔT ≤ 1/BW. BW = [200] MHz. Paths that end up with the same delay will be combined into a single path by adding their respective powers (R&S)
Discussion: 

QC: We’ll have CA for FR2 (e.g. intra-band contiguous CA). Is the idea to keep 200MHz or use a different value? Shall we use a same channel for all CCs?

R&S: In LTE we do fading per carrier

E///: Per carrier should be baseline. 

E///: If channels are correlated among carriers then there could be impact on performance.

Keysight: TE complexity depends on both number of modelled taps and delay quantization grid. Suggest to postpone decision on BW for CA to Performance part.

Agreements: 

· Use equidistant delay modelling grid for TDL channel models after DS scaling with grid step ΔT ≤ 1/BW. 
· Single carrier scenarios: BW = [200] MHz 
· Intra-band CA scenarios: Decision on BW value will be made in the NR WI performance part.
·   Paths that end up with the same delay will be combined into a single path by adding their respective powers
R&S will update the TP accordingly
Question #3: TDL modelling methodology
· Option 1 methodology

· Clarifications on Option 1 methodology

· Feasibility of Option 1 methodology from test equipment perspective

· Option 1: Feasible

· Option 2: Not feasible

· Option 2 methodology

· Clarifications on Option 2 methodology
· Step 1 and 2:

· Follow the procedure from 38.901 to convert a CDL into a TDL channel model (R&S)
· Step 3:

· Option 1: Doppler shift (if so exact methodology to derive Doppler shift for each tap shall be specified)

· Option 2: Doppler spread in certain frequency range (if so exact methodology to derive Doppler spread for each tap shall be specified) 
· Option 2A: Doppler spread is modelled with noise filtering method based on random iid complex Gaussian numbers that are filtered with a Doppler spectrum shaping filter to follow the target temporal auto-correlation function (ACF). (Keysight)
· Feasibility of Option 2 methodology from test equipment perspective
· Option 1: Feasible

· Option 2: Not feasible

Discussion: 


R&S: For Option 2 methodology – do we need to apply the MIMO correlation matrices?



QC: No. It depends on the configured antenna array model for CDL model. 

Chair: What is the difference between Option 2 model and CDL in TR 38.901



QC: No difference


Keysight / R&S: Need to clarify how the Doppler is modelled

R&S: As we interpret the papers there are following Options for Doppler modelling for Option 2 methodology



Option 1: Follow the 38.901 for CDL. Need to define many parameters.


Option 2: Noise filtering. This approach is feasible. Need to agree on target ACF.
QC: What we propose is CDL model but without directivity (AoA, AoD) in the channels emulated by TE single probe
Keysight: QC proposal is feasible 

Agreements: 

· Option 1 methodology is feasible from test equipment perspective

· Clarifications on Option 2 methodology

· Step 1 and 2: Follow the procedure from 38.901 to convert a CDL into a TDL channel model

· Qualcomm will prepare the text for TP with clarifications on the Option 2 methodology and more detailed description

· Align Step 1/2 with the description in 38.901 

· Describe the possible approaches for the Doppler fading modelling

· Describe MIMO channel modelling assumptions

4 UE RF testing methodology
4.1 Summary of contributions and proposals

	TDoc
	Title
	Source
	Agenda item
	TDoc Status

	General

	R4-1806362
	Discussions on FR1 MIMO OTA Test Environment
	AT&T GNS Belgium SPRL
	7.13
	available

	R4-1806290
	Proposals on concluding the SI
	Intel Corporation
	7.13.1
	available

	R4-1806291
	TP to TR38.810 to reflect RAN4#86bis agreements and editorial changes
	Intel Corporation
	7.13.1
	available

	R4-1806380
	On the treatment of power / control cables for OTA test
	Anritsu Corporation
	7.13.1
	available

	R4-1806385
	UE beamlock function (UBF) for mmWave
	Anritsu Corporation
	7.13.1
	available

	R4-1807186
	TP to TR 38.810 on beamlock function for mmWave UE
	Anritsu Corporation
	7.13.1
	reserved

	R4-1806381
	TP to TR 38.810 on procedure to decide applicable test methods for mmWave UE
	Anritsu Corporation
	7.13.2
	available

	R4-1806687
	NFM without Near-to-Far Transform in mmWave
	Anritsu Corporation
	7.13.2
	available

	R4-1806688
	TP to TR 38.810 – NFM without Near-to-Far Transform
	Anritsu Corporation
	7.13.2
	available

	R4-1806731
	TP to 38.810: Clarifications related to DUT Antenna Configurations
	ROHDE & SCHWARZ
	7.13.2
	available

	R4-1807196
	Clarification on measurement setup for FR2 TRP testing
	NTT DOCOMO, INC.
	7.13.2
	available

	R4-1807198
	Spatial interference of cable for FR2 TRP testing
	NTT DOCOMO, INC.
	7.13.2
	available

	R4-1807663
	TP on RF test procedures for EVM and blocking
	Rohde & Schwarz
	7.13.2
	available

	R4-1807884
	Supplement to “On TRP Measurement Grids for mm-wave”
	Keysight Technologies UK Ltd
	7.13.2
	available

	R4-1807886
	Spherical EIRP Analysis Results
	NSI-MI Technologies
	7.13.2
	available

	Measurement grid

	R4-1807480
	Further Results for in-band TRP uncertainty versus sampling grid – Uniform Constant step measurement grid
	MVG Industries
	7.13
	available

	R4-1806126
	On TRP Measurement Grids for mm-wave
	ROHDE & SCHWARZ
	7.13.1
	available

	R4-1806127
	On Beam Peak Search Measurement Grids for mm-wave
	ROHDE & SCHWARZ
	7.13.1
	available

	R4-1806379
	TRP Measurement grid and MU for mmWave UE
	Anritsu Corporation
	7.13.1
	available


	Company
	Views

	General

	AT&T

(R4-1806362)
	Proposal 1: Given that 3GPP and CTIA began the development of an LTE 2x2 DL MIMO OTA test methodology based on a common set of agreements, and given that both [1] and [2] are consistent with these common agreements, we propose that 3GPP RAN4 utilize the set of common test environment variables agreed upon by both 3GPP and CTIA (as described in rows 1-8 of Table 1) as a baseline for future work to develop an NR 2x2 DL MIMO OTA test specification for EUTs operating in FR1. Please note that parametric updates may be necessary to compensate for the needs of an NR EUT (e.g. the Fixed Reference Channel in Row 7 should be replaced with an appropriate NR FRC).

Proposal 2: As noted in Row 9 of Table 1, 3GPP and CTIA adopted different two-dimensional channel models for their respective LTE 2x2 DL MIMO OTA test methodologies. Because of these differences, and because of concerns related to the base station antenna assumptions noted in Row 10 of Table 1 above, we recommend that the test environment parameters documented in Rows 9 and 10 of Table 1 be considered FFS when 3GPP RAN4 develops an NR 2x2 DL MIMO OTA test methodology for FR1.

Proposal 3: Because the CTIA 2x2 DL MIMO OTA test methodology [2] is well-aligned with the corresponding SNR-based conducted test requirements described in Clause 8.2.1.3 of [3], by extension CTIA’s LTE MIMO OTA test methodology should serve as a baseline for an NR 2x2 DL MIMO OTA spatial-multiplexing conformance test methodology for EUTs operating in FR1.

Proposal 4: Because the TRMS performance metric developed by 3GPP for the assessment of LTE 2x2 DL MIMO conformance in Clause 7.4 of [1] is based on a UE noise-limited test environment as opposed to a controlled SNR test environment as described in Clause 8.2.1.3 of [3], TRMS is more appropriate for cell-edge performance assessment during spatial-diversity operation (TM2), which, by extension, is similar to the REFSENS test in Clause 7.2 of [3]. Although we don’t recommend a change to the applicability of TRMS in the context of LTE conformance testing, we propose that TRMS serve as a baseline for NR spatial-diversity (TM2) OTA performance assessment for NR EUTs operating in FR1.

	Intel

(R4-1806290)
	Proposal 1: Finalize the definition of the minimum number of grid points by the end of RAN4#87 based on the assumptions made in [9].

Proposal 2: Include in TR 38.810 the framework described in [9] for the definition of the minimum number of grid points.

Proposal 3: Send an LS to RAN5 to inform them about the decision on the minimum measurement grid and the maximum MU impact of the measurement grid.
Proposal 4: Send LS to RAN5 and recommend to extend the applicability of the measurement setup for QZ diameter = 30cm.
Proposal 5: Send LS to RAN5 and recommend to assess the impact of FWA devices types on the current agreed methodologies.

	Anritsu

(R4-1806380)
	Observation 1: There would be 2 types of DUTs in terms of different power source types:

· Type A: DUT which normally operates with its own battery. 

· Type B: DUT which operates with external power source(AC main)

Proposal 1: Adopt proposed procedure for determination of treatment of power supply cable for DUT operates with its own battery (Type A DUT).

Proposal 2: No additional MU required due to the existence of the power supply cable for the DUTs operate with external power source (Type B DUT).

	Anritsu

(R4-1806385)
	Observation 1: There is a concern of the link failure between the UE and the test equipment during the TRP measurement because of the TRx beam locked mode and also an existence of null points around the UE.
There are some solutions to avoid such a situation.

(a)
Set a longer timer (T310)[6] to the UE to avoid the link failure for a certain period of time and find the stronger signals. 

(b)
Separate a control of the UBF and only lock the Tx beam of UE during the TRP measurement. Rx beam can keep tracking the DL signals from the test equipment.

(c)
Newly introduce a test mode that UE only keep transmitting the Tx beam and stops transmitting/ receiving control signals between the test equipment.

(d)
Set independent link antenna(s) in a chamber to maintain the link between the test equipment and UE, just like already introduced in TR 38.810 as one of the test setup of DFF.

Proposal 1: RAN4 to choose either solution (b) or (c).

	Anritsu

(R4-1806381)
	Observation 1: There are no descriptions which are related to a declaration of DUT categories for mmWave UE in TR 38.810.

Proposal 1: To decide applicable test method, add a description in the technical report on the declaration of the DUT category for mmWave UE.

Proposal 2: Improve descriptions of DUT Categories only to include properties of DUTs.  

	Anritsu

(R4-1806687)
	Observation1: By adjusting the distance between the DUT and the measurement antenna so that the radiative near-field criteria is met while keeping the distance as short as possible, it would be possible to curtail the large path-loss in mmWave, which is beneficial to secure a good SNR condition.

Observation2: The radiative near-field measurements could also be beneficial to open up the possibility to reuse a DFF-setup hardware originally designed for FR2 in-band measurements to perform the Tx/Rx spurious emission measurements. In other words, rather small-sized OTA anechoic chamber could be used not only for FR2 in-band measurements as the DFF setup but also for Tx/Rx spurious emission measurements by adopting the radiative near-field measurements.

Observation3: Even the lowest TRP levels in UE RF test cases can be measured in NFWOTF setup with the SNR as well as 5.6dB, assuming the measurement antenna gain of 10dB, the NF of 10dB, Antenna size D=5cm, Device size DUT_size=15cm, while the same lowest TRP levels can’t be measured directly in DFF setup having -4.2dB SNR in 43.5GHz.

Observation4: If we can estimate the worst TRP, EIRP deviation due to the radiation pattern of the measurement antenna, which spans only towards minus direction, it would be possible to compensate the deviation by multiplying the probe compensation factor [image: image10.png]ATRP (probcomp)
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 so that the uncertainty range spans over plus and minus symmetrically.

Proposal1: The NFWOTF setup should be adopted as one of the permitted measurement setups, which has the strong point that it can keep better SNR even in low PSD (Power spectrum density) test cases and it could open up the possibility to reuse a DFF-setup hardware for FR2 in-band as an NFWOTF setup to perform the Tx/Rx spurious emission measurements.

	NTT DOCOMO

(R4-1807196)
	Observation 1:  Additional tracking link antenna for FR2 may be required for DFF, and IFF method if C-plane signal is transmitted in FR2.

Considerable solution is listed as below.


Option 1:  Use C-plane signal with trucking antenna in FR2.


Option 2:  Only use U-plane signal in FR2. (not sure if it can be )

Observation 2: NFTF can avoid beam miss-aligned situation because of many measurement antennas.

	NTT DOCOMO

(R4-1807198)
	Observation 1: power supplying by wire may be inevitable considering the testing time of OTA and power consumption of mmW.

Observation 2:  Power supply port is different by each UE type or their design. It is difficult for test equipment to implement avoiding cable interference with all device types in DFF and IFF method.

Observation 3:  There is about 1dB effect if wire is allocated between transmit antenna and receive antenna in 28GHz. 

There are some considerable options listed below.


Option 1:  Take into account the effect by wire. (How to is FFS)


Option 2: Decrease the test volume until test can be completed only using the device battery. (it 
may not be RAN4 but RAN5 responsibility.)


Option 3: Ignore the effect.

Observation 4: NFTF can avoid interference by wire if the wire is pull out from the bottom of the device in this setting. 

	R&S

(R4-1807663)
	text proposal for the definition of the test procedure for testing EVM and blocking in FR2

	NSI-MI

(R4-1807886)
	Observation: Spherical EIRP errors can be minimized by increasing the range length of DFF and oversizing the QZ for IFF.

	Measurement grids

	MVG

(R4-1807480)
	Observation 1: Number of orientations doesn’t affect the TRP statistics. 

Proposal 2: Number of orientations= 360/[sampling grid step [deg]/2]

Observation 1: If full sphere radiation pattern is sampled properly: i.e 10deg for our antenna array types, TRP statistics are the same no matter to where the beam is pointing. 

Proposal 1: TRP uncertainty shall be computed without pointing the beam towards a specific direction. Random full sphere can be used for estimating the MU.

Observation 3: in order to have maximum TRP uncertainty equals to 0.25dB, the minimum number of points is 648 -> sampling grid step=10deg

Proposal 3: Minimum number of points for constant step grid shall be 648 which corresponds to a step of 10deg on azimuth and elevation.

	R&S

(R4-1806126)
	Proposal 1: The maximum step size of a constant step size measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 15 degrees (i.e. 264 measurement points).

Proposal 2: In order to reduce the TRP offset for constant step size measurement grids, the beam peak needs to be oriented to a measurement point on the equator (unless a correction is identified for the TRP mean error caused by the sin(theta) term in the TRP equation for the constant step size grid).
Proposal 3: The minimum number of measurement points of a constant density measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 140 measurement points.

	Anritsu

(R4-1806126)
	Observation 1: To achieve the standard deviation below 0.25 dB from an average error for TRP measurement, constant step size needs at least 15 degrees grid spacing and 266 grid points. And 140 points for the constant density.

Observation 2: Mean TRP error should also be taken into account when deriving measurement uncertainty for grid types.

Proposal 1: For TRP measurement of mmWave UE, take account of following minimum grid points and measurement uncertainties for each of measurement grid type.

	R&S

(R4-1807884)
	Proposal: The requirement of uniform grid sampling to orient beam peak at the equator is removed from TRP measurement and calculation should based on our demonstrated alternative numerical integration algorithm, having improved mean and standard deviation for a given sample size.

	Keysight

(R4-1807884)
	Proposal: The requirement of uniform grid sampling to orient beam peak at the equator is removed from TRP measurement and calculation should based on our demonstrated alternative numerical integration algorithm, having improved mean and standard deviation for a given sample size.


4.2 Discussion

Question #1: Measurement Grids (incl. Beam Peak Search Measurement Grids)
· Rapporteur recommendation: 
· Continue offline discussions during the week. 
· Send LS with final conclusions to RAN5 by EOW.

· Include framework description in TR 38.810

Question #2: Measurement set for larger QZ diameter
· Option 1: Send LS to RAN5 and recommend to extend the applicability of the measurement setup for QZ diameter = 30cm.

Question #3: Test methods extension to FWA device types
· Option 1: Send LS to RAN5 and recommend to assess the impact of FWA devices types on the current agreed methodologies.

Question #4: Beamlock function
· (a)
Set a longer timer (T310)[6] to the UE to avoid the link failure for a certain period of time and find the stronger signals. 

· (b)
Separate a control of the UBF and only lock the Tx beam of UE during the TRP measurement. Rx beam can keep tracking the DL signals from the test equipment.

· (c)
Newly introduce a test mode that UE only keep transmitting the Tx beam and stops transmitting/ receiving control signals between the test equipment.

· (d)
Set independent link antenna(s) in a chamber to maintain the link between the test equipment and UE, just like already introduced in TR 38.810 as one of the test setup of DFF.

Question #5: Declaration of DUT categories

· Option 1: DUT category can be chosen by an optional declaration from a manufacturer

Question #6: Treatment of power / control cables for OTA test
· Responsible WG

· Option 1: RAN4

· Option 2: RAN5

· DUT types in terms of power supply:

· Type A: DUT which normally operates with its own battery. 

· Type B: DUT which operates with external power source(AC main)

· MU impact

Question #7: NFM without Near-to-Far Transform in mmWave
· Option 1: R4-1806688
Question #8: EVM and Blocking Measurement Procedure

· Option 1: R4-1807663
5 RAN4 - RAN5 work split
RAN5 inputs on the topics pending RAN4 decision

	RAN5 questions
	RAN4 views

	No
	Requirements Area
	Items Pending on Ran-4 
	Requested RAN4 Target Completion Date
	Anticipated Ran-5 Completion Date
	

	1
	MU for beam peak level 
	RAN4 to specify a MU for the beam peak search grid.
	May-18
	Oct-18
	R&S will provide conclusions before RAN4/RAN5 joint session on responsible WG and next steps in RAN4

	2
	MUs related to phase
	Does RAN4 plan to specify requirements or MUs that are related to phase?
RAN4 to confirm the assumption that this will not result in an additional entry in the MU contributor tables for EIRP. TRP, EIS.
	May-18
	May-18
	Phase variation considered in MU analysis in RAN4.  Final definition of MU values related to phase is up RAN5.

	3
	Tx only UBF
	Tx only UBF is not yet concluded in RAN4 (See the chairman's note of R4-1710027). This can affect the need of FR2 link antenna(s) inside a chamber and can affect the MU estimation work(especially, QZ quality) in RAN5. (Related document in RAN4#87 : R4-1806385). Impacted requirements are those with TRP metric(e.g . Spurious, ACLR, etc…).
	May-18
	Aug-18
	Up to RAN5 decision. If no conclusions reached in RAN5, RAN4 can decide subject to RAN5 LS.

	4
	Power supply cable
	Whether to test with power supply cable or to test with battery is not yet concluded in RAN4 (Editor's Note in 38.101-2 E.2.2 ).  This can affect the MU estimation work(especially, QZ quality) in RAN5. All of the TRx tests are impacted.
	May-18
	Aug-18
	Test procedure definition for testing with external power supply is up to RAN5 decision. 

	5
	Extreme temperature condition
	Need to share the view for responsibility of feasibility study(incl. MU estimation). Impact to FR2 TRx tests where corresponding TCs in LTE are tested with EC (e.g. MOP, ACLR, Frequency Error etc…) 
	May-18
	May-18
	Up to RAN5 decision.

	6
	FR2 MU factor for sampling grid impacting tests Reference sensitivity and beam peak tx power measurement 
	Additional MU factor regarding sampling grid for TRP and Beam Peak is not yet finalized in RAN4 . This can affect the FR2 MU estimation work in RAN5.
RAN4 to specify a MU associated with acceptable sampling grid which would enable the RAN4 EIRP , EIS requirements to be testable.
In general all of the TRx tests are impacted by this dependency.
	May-18
	Aug-18
	Same as 1



	7
	TRP MU due to measurement grid   impacting tests TRP, Tx Spurious emissions, etc.       
	RAN4 to specify a MU associated with a minimally acceptable measurement grid which would enable RAN4 requirements that require a full sphere evaluation (eg: TRP) to be testable  
	May-18               
	Oct-18
	To be decided in RAN4 87 as a part of measurement grid. Send LS to RAN5 with agreements
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