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1 RRM testing methodology
1.1 Background
RAN4 #87: R4-1808541 “Way Forward on Concluding the NR Test Methods SI” 
	· Far field criteria: 

· 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 

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

· Note: Near field corresponds to the measurement distance smaller than the distance for the Far field
· 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
· Quiet zone
· 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

· 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 

· Open issues for RRM test parameters and metrics initial MU assessment
· Reference point definition for Test parameters for RRM testing to be controlled by TE is FFS (e.g. SNR)

· 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


1.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	R4-1808966
	On the relation between MU and TT for RRM conformance testing
	Ericsson
	5.6
	available

	R4-1808611
	Removing 180 degrees from range of simulated relative AoAs
	ANRITSU LTD
	5.6.1
	available

	R4-1808614
	SNR-based Beam selection testing
	ANRITSU LTD
	5.6.1
	available

	R4-1808616
	MU factors contributing to RRM parameters and metrics
	ANRITSU LTD
	5.6.1
	available

	R4-1808745
	NR Test Methods UE RRM testing methodology
	Intel Corporation
	5.6.1
	available

	R4-1808747
	TP to TR 38.810 on open items for UE RRM testing methodology
	Intel Corporation
	5.6.1
	available

	R4-1809216
	On definition and feasibility of parameters and metrics for UE RRM BLS
	Rohde & Schwarz
	5.6.1
	available

	R4-1809217
	On AWGN and SNR / SINR generation in UE RRM BLS
	Rohde & Schwarz
	5.6.1
	available

	R4-1809218
	TP for TR 38.810 on definition and feasibility of parameters and metrics for UE RRM BLS
	Rohde & Schwarz
	5.6.1
	available

	R4-1809219
	On MUs for UE RRM BLS based on DFF
	Rohde & Schwarz
	5.6.1
	available

	R4-1809220
	TP for TR 38.810 on MUs for UE RRM BLS based on DFF
	Rohde & Schwarz
	5.6.1
	available

	R4-1809310
	TP to TR 38.810 on RRM measurement set-up applicability 
	Keysight Technologies UK Ltd
	5.6.1
	reserved

	R4-1809313
	TP to TR 38.810 on MU for RRM testing
	CATR
	5.6.1
	reserved


	Company
	Views

	E/// 
(R4-1808966)
	Given the current MU proposals, the TT tolerance should be less than the MU for meaningful conformance requirements on absolute accuracy. This would imply shared risk and an increased burden on the DUT. It is also consistent with Proposal 2.2.2 in [6] (0 < TT < MU for Type 1 test cases) endorsed by RAN5. Test tolerances exceeding 6 dB as implied by the current proposed MU are not acceptable for conformance tests.

	Anritsu 
(R4-1808611)
	In the baseline setup for RRM testing in TR 38.810 [2], it has been agreed that for Rel-15 the NMAX_AoAs = 2, and the range of relative angular relationships between the NMAX_AoAs simultaneously active AoAs is specified as 30°, 60°, 90°, 120°, 150° and 180°.

Although 180° was proposed by Anritsu, it has become clear that there are practical difficulties to implement this in a test system, and as pointed out by Rohde and Schwarz in R5-181779 [1] such a scenario is very unlikely to occur in reality. For these reasons we propose to remove it from the list of supported angles.

Implementing 2 TRxPs exactly opposite each other means that each TRxP will give direct reflections back to the other TRxP, significantly degrading the quality of the quiet zone. It does not make sense to carry out tests in a scenario where the measurement uncertainty is worst.

As mentioned in R5-181779 [1], the scenario where the UE sees two gNBs at exactly opposite points can only occur in 3 situations:

· Both gNBs are at an infinite distance in exactly opposite directions.

· The two gNBs and the DUT are at exactly the same altitude.

· One of the gNB is at lower altitude than the DUT.

All of these are extreme corner cases and very unlikely to occur in practice. Their omission will cause no significant reduction in test coverage. 

	Anritsu
(R4-1808614)
	One of the aspects considered is the spatial distribution of the noise, and in particular whether the noise should be spatially white.

Further offline discussion suggested that one key concern was whether it would be possible to test the ability of a UE to select a beam based on SNR.

In Anritsu’s understanding, the main concern was the proposal that signal and AWGN should come from the same source. Any of the UE Rx beams would then see the same SNR, regardless of whether the beam was pointing at the TRxP or not, since both signal and noise would be subject to the same Rx beamforming gain.
If all candidate Rx beams see the same SNR, the UE could not select a beam by choosing the best SNR. Hence, a key scenario in real life could not be tested.

Test equipment vendors commented in response to R4-1807053 that having probes in many directions to provide spatially white noise would significantly increase the complexity.

…
Further study is clearly required based on more realistic models of UE Rx beam characteristics, to assess whether sufficient discrimination can be achieved and whether there would be sufficient test coverage over 3 dimensions.

	Anritsu
(R4-1808616)
	This document considers selected MU factors for a range of parameters and metrics, and includes a text proposal for TR 38.810 [2]. Detailed analysis of the uncertainties is the responsibility of RAN5, and is not covered here. 

	Intel
(R4-1808745,
R4-1808747)
	Proposal #1:
Further classify the RRM requirements into two types during NR WI performance part. 

· Type 1: Requirements which need 1 AoA

· Type 2: Requirements which need 2 AoAs

Use “UE Demodulation measurement setup” for Type 1 RRM requirements. Use “RRM measurement setup with far field measurements” for Type 2 RRM requirements.

Proposal #2:
Further assess the impact of Near Field on the MU for RRM baseline setup.

Proposal #3:
Use a centre of a quiet zone as the reference point for test parameters for RRM testing to be controlled by test equipment. From UE perspective the reference point is the input of UE antenna array.
Proposal #4:
RRM test setup is not required to support measurements of Absolute/Relative UL PRACH level transmitted by the UE

Proposal #5:
RRM test setup shall support absolute and relative accuracy of the UE reported measurements including RSRP, RSRQ

Proposal #6:
For RSRP/RSRQ accuracy testing, the test system shall first perform RSRP measurement for the noise-free or high SNR (SINR) conditions and use the reported value as the ideal RSRP for further RSRP accuracy testing.

Proposal #7:
Spatially white noise emulation is not supported in Rel-15. Further discuss whether and how to transmit the emulated AWGN signals.
Proposal #8:
Further discuss how to take into account SNR emulation error for single probe RRM testing.

· Define upper bound SNR emulation accuracy (e.g. 1 dB)

· Define constraints on possible test conditions and/or TE parameters (e.g. limit the max tested CBW, perform UE testing for the lowest supported frequency band, limit the max SNR)

Note: Proposal 8 is from revised paper

Proposal #9:
RRM measurement setup shall support at least [X] dBm/Hz RX signal power level emulation at the centre of a QZ.

	Rohde & Schwarz
(R4-1809216,
R4-1809218)
	Proposal 1: Power level and power level relation parameters and metrics are set and/or measured assuming the centre of quiet zone as reference point. Respective calibration for the required AoAs is required and shall be provided by the TE.

Proposal 2: Time and relative time parameters and metrics are set and/or measured assuming the centre of quiet zone as reference point. No further aspects compared to the conducted testing are expected to be considered in RAN4.

Observation 1: Scenarios with continuous changing of AoA during the tests are feasible utilizing the 2-axes positioning system between the UE and TE antennas.

Proposal 3: For a single active probe scenario, in case that sudden change of AoA is required, the RRM BLS shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120°, 150° and 180°.

Observation 2: Scenarios with sudden change of AoA (1 probe) and AoA offsets (2 probes) during the tests are feasible utilizing switching fixed antennas in the OTA chamber. Utilizing antenna positioners would require the introduction of an allowed transition-delay to enable moving the antenna from one position to the other.



	Rohde & Schwarz
(R4-1809217)
	Observation 1:  A better understanding is required, what is the added value for testing with a “spatially white” AWGN. More explanation and insight view is required from UE vendors.

Observation 2: With respect to spatial SNR distribution: 

a (quasi) spatially white AWGN does not allow to distinguish whether the UE selects the best beam direction for a given cell based on S or based on SNR; 

an  AWGN generated from the same antennas with the signal, does not allow an UE to select the best beam direction for a given cell based only on SNR;  

Observation 3: Feedback from UE vendors is required, which is the basic assumption for the UE best beam direction selection for a given cell (S / SNR / RSRP / RSRQ) and what requirements apply and need to be tested. 

Observation 4: Both type of AWGN generation (“spatially white” or not) enable cell (re)selection based on S as well as based on SNR.

Observation 5: AWGN generated only from the antennas transmitting cell signals, allows TS implementation as per the present BLS, does not increase the complexity and the MUs and has more setting flexibility.

Proposal 1: In case of intra-frequency signals from different AoAs, the noise generation is split equally among the active AoAs.

	Rohde & Schwarz
(R4-1809219,
R4-1809220)
	Proposal 1: For DL power accuracy, the EIS MU elements and values of UE RF DFF method apply to the UE RRM BLS based on DFF. Only the quality of QZ needs further study.

Proposal 2: For DL power accuracy, the Probe Mutual Coupling in the multi-probe UE RRM BLS based on DFF is not introduced as a separate MU element and its effect is captured as part of Quality of QZ.

Proposal 3: The uncertainty of the relative angle between two active probes in the UE RRM BLS based on DFF, is not relevant for the feasibility of the requirement and is therefore not introduced as a separate MU element. If RAN5 judges it relevant for TT calculation, RAN5 can introduce a statement on the maximum allowed TE uncertainty for relative angular relationship between active probes.

Proposal 4: The relative AoA dispersion between centre of QZ and borders of QZ is a deterministic quantity and is therefore not introduced as a separate MU element. If judged relevant by RAN5, it can be considered as part of TT calculation process.


1.3 Discussion
Question #1: Removal of 180° AoA

· Whether to keep/remove 180° AoA

· Option 1: Remove 180° AoA 

· Option 2: Keep 180° AoA

Discussion: 

Anritsu: There is difficulty to implement 180 deg and MU will increase. The case of 180deg is extreme.
QC: Do you expect any issues with 150deg?

R&S: Agree with Anritsu. Cannot confirm which exactly angles could lead to problems. The larger the angle the more MU we have.

QC: the RRM requirements will be angle agnostic

Agreements: 


Remove 180° AoA
For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120°, and 150° and 180°.
Question #2: Noise emulation procedure
· Whether spatially white AWGN shall be supported for RRM test setup

· Option 1: Spatially white noise emulation is not supported in Rel-15
· Option 2: Emulate spatially white noise from N sources

Discussion: 

Anritsu presented R4-180861


QC: we would like to see analysis why spatially white noise emulation is challenging

R&S presented R4-1809217 “On AWGN and SNR / SINR generation in UE RRM BLS”

QC: To reduce complexity AWGN probes do not need to be in the far field of the DUT and can be located in NF. AWGN is spatially white and we are interested in realistic scenarios. RX beam selection is likely to be based on SNR rather than just RSRP.

R&S: The main issue for complexity is the number of antennas and connectors. Physical presence of multiple antennas may increase MU due to more complicate reflection environment (especially if antennas are located in the NF).

R&S: We are looking for exact scenarios which we want to test and then we can try to find test setup solution which could solve the issues.

QC: Can we get more analysis from TE vendors?

Agreements: 

Rel-15 RRM test setup supports at least noise signal emulation from 2 AoAs (i.e. same 2 probes can be used for desired and noise signals transmission). 

FFS if (quasi) spatially white noise emulation is supported
TE vendors are encouraged to bring inputs on feasibility of spatially white noise emulation and associated test setups (e.g. noise probes number and location)

UE vendors are encouraged to bring information on which requirements require spatially white noise emulation

If no conclusions on feasibility of spatially white noise emulation are reached in RAN4 #88, then spatially white noise emulation is not supported for Rel-15 RRM requirements



Note: Rel-15 means test methods for Rel-15 RRM requirements
· Noise signal transmission from different AoAs

· Option 1: Artificial AWGN signal transmitted from single probes

· Option 2: Artificial AWGN signal transmitted from both probes

Agreements: 

Each of the 2 probes in RRM setup may transmit desired signal and/or artificial noise signal. Exact signal and noise parameters at the reference point (e.g. signal power levels, SNR per probe) will be defined in the RRM test descriptions
· Noise signal transmission for 2 intra-frequency cells from 2 AoAs

· Option 1: Noise is split equally among the active AoAs
Conclusions: No need to specify exact method
Question #3: Reference point definition for Test parameters for RRM testing
· Option 1 (Intel): Use a centre of a quiet zone as the reference point for test parameters for RRM testing to be controlled by test equipment

· Option 2 (R&S): 

· Power level and power level relation parameters and metrics are set and/or measured assuming the centre of quiet zone as reference point. Respective calibration for the required AoAs is required and shall be provided by the TE.

· Time and relative time parameters and metrics are set and/or measured assuming the centre of quiet zone as reference point. No further aspects compared to the conducted testing are expected to be considered in RAN4.

Agreements: 

Use a centre of a quiet zone as the reference point for 

· Test parameters for RRM testing to be controlled by test equipment 

· Measurement of Power level and relative power level RRM metrics

· Measurement of Timing and relative timing RRM metrics

Calibration of power level and relative power level test parameters and RRM metrics at the required AoAs is required and shall be provided by the test system.
Further discuss the timing and relative timing parameters

Possible agreement: Calibration of timing and relative timing test parameters and RRM metrics at the required AoAs is required and shall be provided by the test system.
R&S and Anritsu will provide more accurate wording from TE perspective.
Question #4: RRM test metrics
· Modification to RRM test metrics

· RRM test setup is not required to support measurements of Absolute/Relative UL PRACH level transmitted by the UE (Intel)
· RRM test setup shall support absolute and relative accuracy of the UE reported measurements including RSRP, RSRQ (Intel) 
Discussion: 

R&S: Need to first discuss RSRP procedure and then come back.
Conclusions: Further discuss during the week
Question #5: Test procedure for RSRP/RSRQ
· Option 1: For RSRP/RSRQ accuracy testing, the test system shall first perform RSRP measurement for the noise-free or high SNR (SINR) conditions and use the reported value as the ideal RSRP for further RSRP accuracy testing. (Intel)
Discussion: 

QC: what is high SNR or noise-free

Intel: TE transmits only desired signal

Anritsu: What is the ideal RSRP?


QC: this the value to be used as the reference in the test.

R&S: better have high SNR than noise free. Better call it as reference RSRP than ideal RSRP.

QC: we can also setup bounds on the reported absolute RSRP.

R&S: this procedure can be a part of RAN5 specification.

Agreements: 

The test procedure for RRM RSRP/RSRQ measurements shall be discussed as a part of RRM performance requirements and test case definition 
· FFS how to resolve ambiguity that TE emulates EPRE and SNR/SINR at the reference point and not aware on DUT Antenna gain and IL which are taken into account in RSRP/RSRQ reported by DUT.
Question #6: Feasibility of implementation of identified test parameters and metrics
· Option 1: Confirm feasibility of implementation of identified test parameters and metrics from TE perspective
Agreements: 

Confirm feasibility of implementation of identified RRM test parameters and metrics from TE perspective
Question #7: Initial assessment of the MU elements related to the identified metrics and parameters
· MU elements

· Anritsu (TP R4-1808616)

· SNR

· Cell 1/2 gNB emulator SNR uncertainty 

· Cell 1/2 gNB emulator Downlink EVM 

· Cell 1/2 gNB emulator fading model impairments 

· Cell 1/2 Link loss and UE Rx noise
· DL power level

· Same as DFF EIS
· R&S: 

· For DL power accuracy, the EIS MU elements and values of UE RF DFF method apply to the UE RRM BLS based on DFF. Only the quality of QZ needs further study.

· For DL power accuracy, the Probe Mutual Coupling in the multi-probe UE RRM BLS based on DFF is not introduced as a separate MU element and its effect is captured as part of Quality of QZ.

· The uncertainty of the relative angle between two active probes in the UE RRM BLS based on DFF, is not relevant for the feasibility of the requirement and is therefore not introduced as a separate MU element. If RAN5 judges it relevant for TT calculation, RAN5 can introduce a statement on the maximum allowed TE uncertainty for relative angular relationship between active probes.

· The relative AoA dispersion between centre of QZ and borders of QZ is a deterministic quantity and is therefore not introduced as a separate MU element. If judged relevant by RAN5, it can be considered as part of TT calculation process.
Discussion: 

Intel: To Anritsu – how can we resolve all the FFS in the proposed TP for MU assessment

Anritsu: Detailed MU is up to RAN5.
R&S: Need to focus on DL SNR and DL power assessment. Leave the rest to RAN5.

Agreements: 

Focus on initial assessment of the MU for DL SNR and DL power

RAN4 1807: Identify and capture the set of MU factors.

RAN4 #88: Complete high-level MU assessment
Conclusion: Continue discussion on merged TP during the week
· Initial assessment for DL SNR accuracy/range 
· Conclusions on achievable DL SNR accuracy/range


Conclusion: No views
· Methodology for DL SNR accuracy/range analysis for 2 AoA

Agreement: DL SNR accuracy assessment for 2 AoA is up to RAN5. 
· Whether to introduce upper bound error for SNR
· Option 1: Define upper bound SNR emulation accuracy (e.g. 1 dB) (Intel)

Discussion

Anritsu: RLM testing is done for low SNR and for event triggered test the SNR is not the critical parameter

Keysight: For Demod there are test cases which require 30dB SNR.

R&S: We have different definitions of SNR for RRM/Demod.

R&S: The analysis on SNR accuracy in 38.810 shall be used as the guidance to derive the SNR range for UE tests

Agreement: 
Further capture in the TR the SNR range which can be emulated by the test system with SNR error of [1] dB (note: this value is not expected to be used as MU value)
· DL SNR accuracy impact on RRM requirements

· Option 1: RRM requirements shall be adjusted to take into account the SNR emulation accuracy errors (Intel)

· Whether to define constraints on possible test conditions and/or TE parameters 

· E.g. limit the max tested CBW, perform UE testing for the lowest supported frequency band, limit the max SNR)

· Initial assessment for DL power level accuracy/range 

· Whether to introduce requirements for measurement setup

· Option 1: RRM measurement setup shall support at least [X] dBm/Hz RX signal power level emulation at the centre of a QZ. (Intel)

Discussion

R&S: PSD may not be a good metric.

R&S: TE shall support RSRP levels corresponding to the REFSENS. Max input level can be challenging. For RRM some level in between can be supported

Conclusion: Further discuss during the week
· Impact of Near Field on the MU for RRM baseline setup

Agreement: 
Remove the following text from TR “Note: Using Near Field to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition is FFS.”
”

· MU and TT for DFF method for RRM (E///)

· Meaningful MU/TT for RRM absolute accuracy test metrics

· Possibility of MU improvement for DFF method

· Test tolerance (TT) for RRM metrics

· Option 1: Leave TT up to RAN5

Discussion

E///: MU for DFF is too big. Would like to understand if MU can be tightened or we shall use TT < MU.

R&S: Prefer TT < MU

E///: There may be impact on Core requirements

Question #8: Support of change of AoA during the test
· Whether change of AoA is supported during the test:

· Option 1: Supported. For a single active probe scenario, in case that sudden change of AoA is required, the RRM BLS shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120°, 150° and 180°. Introduce an allowed transition-delay to enable moving the antenna from one position to the other. (R&S).
· Option 2: Not supported
Question #9: Other proposals
· Classify the RRM requirements into two types
· Type 1: Requirements which need 1 AoA

· Type 2: Requirements which need 2 AoAs

Use “UE Demodulation measurement setup” for Type 1 RRM requirements. Use “RRM measurement setup with far field measurements” for Type 2 RRM requirements.
Next steps for RAN4 AH1807

· WF on remaining open issues for RRM setup (R&S)

· TP on MU for RRM (Anritsu/R&S)

2 UE demodulation testing methodology
2.1 Background
RAN4 #87: R4-1808541 “Way Forward on Concluding the NR Test Methods SI” 
	· Allow the operation of the UE Demodulation test system in the radiative near field

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

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

· λ = wavelength

· Key test parameters for UE demodulation testing to be controlled by TE

· SNR of DL signal at reference point

· Reference point definition for DL SNR is the [UE RX baseband port]
· Faded DL channel

· Metrics for UE demodulation testing

· Typical UE Demodulation and CSI metrics (e.g. throughput, block-error rate, CSI statistics) similar to the metrics defined in the TS 36.101. 

· Remaining open issues

· Applicability for demod measurement set-up to be refined for possible far field and near field solutions.

· Identification of MU factors contributing to DL SNR accuracy and range
· Achievable SNR accuracy and SNR range 

· Initial assessment of SNR accuracy and SNR range completed. 
· Conclusions on the SNR accuracy and SNR range are FFS

· Note: Detailed analysis of MU for SNR is up to RAN5


2.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	R4-1808615
	MU factors contributing to DL SNR accuracy and range
	ANRITSU LTD
	5.6.2
	available

	R4-1808746
	NR Test Methods UE Demodulation and CSI testing methodology
	Intel Corporation
	5.6.2
	available

	R4-1808748
	TP to TR 38.810 on open items for UE Demodulation testing methodology
	Intel Corporation
	5.6.2
	available

	R4-1809259
	On SNR reference point definition in FR2
	Rohde & Schwarz
	5.6.2
	available

	R4-1809309
	TP to TR 38.810 on demod measurement set-up applicability
	Keysight Technologies UK Ltd
	5.6.2
	available


	Company
	Views

	Anritsu 
R4-1808615
	This document considers the MU factors contributing to DL SNR accuracy and range, and includes a text proposal for TR 38.810 [2]. Detailed analysis of the SNR uncertainty is the responsibility of RAN5, and is not covered here. 

For consistency with the uncertainty format for RF testing, the proposed Annex B.3.1 uses the same format as B.1.1, with a table provided listing the significant sources of uncertainty. The starting point was TR 38.810 Table B.1.1.3-2 for EIS measurement, since EIS is a test of the UE receiver. However, there are two major differences compared to RF test cases:

· For demodulation there is an alignment stage to isolate the horizontal and vertical polarisations, but no calibration measurement. All the uncertainties relating to calibration measurement are removed.
· The key parameter is SNR, which is a ratio between signal and noise. As the signal and noise are assumed to originate from the same Test equipment antenna, and to be received by the same UE antenna, via a common over-the-air path, absolute level uncertainties are not relevant.
Our current view of the sources of uncertainty relevant to a demodulation test, where SNR is the critical parameter, is given as a Text Proposal.

The existing TR 38.810 text under B.3.1 “Assessment of testable SNR range” has been moved to a subclause B.3.1.4.4 “Link loss and UE Rx noise”, to align with the format of other uncertainty contributions.

It is not clear at present whether the “Random uncertainty” identified for EIS in TR 38.810 clause B.1.1.4.9 is applicable to SNR. It has not been included here. Other sources of uncertainty may become evident as the demodulation scenarios and alignment procedure are defined.

Text and tables are provided for both Near Field and Far Field methods, although many values are FFS.

	Intel 
R4-1808746
R4-1808748
	Proposal #1:
Reference point definition for DL SNR is the UE receiver baseband port.
Proposal #2:
Explicitly take into account the SNR emulation error in the minimum requirements definition for UE conformance tests in RAN5.
Proposal #3:
Introduce [1] dB upper bound SNR emulation error. 
Proposal #4:
Further discuss whether maximum SNR error shall be specified and whether any constraints on the possible test conditions (incl. tested frequency bands, maximum tested CBW, and maximum tested SNR) or TE parameters (e.g. RX signal power for the desired signal) shall be introduced.
Proposal #5:
Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements.

Proposal #6:
SS-RSRPB measurements and reporting are done under noise-free conditions and for the frequency flat channel.

Proposal #7:
Measurement system shall be able to provide noise-free NR FR1 signals to the DUT.

Proposal #8:
UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions.

Proposal #9:
Further discuss feasibility of phase noise emulation at the TE side.

	R&S
R4-1809259
	Proposal 1: The reference point for SNR in the requirements is in the center of the quiet zone.

The previously conducted analysis for SNR is not affected by this, the results can be converted to the new reference point.

Proposal 2: Use the values from Annex B.3 of TR 38.810 to convert SNR reference point from center of the quiet zone to the baseband of the UE.

	Keysight
R4-1809309
	According to [1] and section 7.2.1 in [2], demod tests can be performed in the radiative near field or in the far field. However, applicability statement is not properly considering these 2 methodologies.

This paper provides a TP for TR 38.810 [2] with further clarifications on applicability statement, reusing agreements on UE RF testing methodology.


2.3 Discussion
Question #1: Reference point definition for DL SNR
· Option 1: Reference point definition for DL SNR is the UE receiver baseband port (Intel)
· Option 2: The reference point for SNR in the requirements is in the center of the quiet zone. Use the values from Annex B.3 of TR 38.810 to convert SNR reference point from center of the quiet zone to the baseband of the UE. (R&S)

Discussion: 

R&S: How do we ensure that SNR at UE BB is exactly the one specified in the test in case different UEs have different antenna characteristics

QC: Option 1 does not work and then we shall define the mapping

Anritsu: Option 2 is workable

Intel: What does SNR mapping mean


R&S: We can specify at the center of QZ and then recalculate the SNR at BB


QC: we can recalculate the SNR at BB and modify the SNR at QZ to account for differences

Anritsu: BB simulations are based on BB SNR.

Keysight: defining center of QZ as reference point precludes using NF

R&S: there is no definition of QZ for UE demodulation setup. Need to add formal definition
Keysight: it is not possible to define center of QZ for NF

Agreements: 

The reference point for DL SNR and signal/noise power levels is point X in space inside the test chamber

Point X definition is FFS for UE demodulation setup

Further discuss on how to handle the mismatch of SNR at the UE baseband and the reference point and methodology how to capture it in the UE performance requirements
Question #2: Initial assessment of the MU elements related to the identified metrics and parameters
· MU factors contributing to DL SNR accuracy and range

· Anritsu

· DNF/DFF

· gNB emulator SNR uncertainty

· gNB emulator DL EVM

· gNB emulator Fading model impairments

· Link loss and UE Rx noise
· IFF

· gNB emulator SNR uncertainty

· gNB emulator DL EVM

· gNB emulator Fading model impairments

· Link loss and UE Rx noise
· RF leakage from measurement antenna to receiver
· Whether Uncertainty assessment in R4-1808615 shall be captured in TR 38.810 and how to handle FFS values

· Whether to differentiate MU factors and assessment for different test methods (DFF, DNF, IFF)

· Conclusion on the SNR accuracy/range

· Achievable DL SNR accuracy/range

· Whether to introduce upper bound DL SNR error

· Option 1: Introduce [1] dB upper bound SNR emulation error (Intel)
· DL SNR accuracy impact on UE demodulation requirements

· Option 1: Explicitly take into account the SNR emulation error in the minimum requirements definition for UE conformance tests in RAN5 (Intel)
· Whether to define constraints on possible test conditions and/or TE parameters 
Question #3: Applicability for demod measurement set-up for possible far-field and near-field solutions
· Keysight

In case of far field testing methodology through DFF:

· The DUT radiating aperture is D ≤ 5 cm

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested
-
If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array
-
The measurement distance larger than the far-field criteria defined in section 5.2.1.3 is not precluded
-
A manufacturer declaration on the following elements is needed:

-
Manufacturer declares antenna array size

In case of far field testing methodology through IFF:

· The total test volume is a cylinder with diameter d and height h

-
DUT must fit within the total test volume for the entire duration of the test

-
Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested.

-

No manufacturer declaration is needed 

Question #4: Other topics
· TE TX EVM

· Option 1: Measurement system shall support TX EVM not worse than [6%] for QPSK/16QAM/64QAM performance requirements (Intel)

· SS-RSRPB side conditions

· Option 1: SS-RSRPB measurements and reporting are done under noise-free conditions and for the frequency flat channel (Intel)
· NR FR1 support

· Option 1: Measurement system shall be able to provide noise-free NR FR1 signals to the DUT (Intel)
· Noise-free scenarios support

· Option 1: UE demodulation test setup shall support emulation of noise-limited and noise-free test conditions. (Intel)
· Phase noise emulation support
Next steps for RAN4 AH1807

· WF on remaining open issues for UE Demodulation setup (R&S, Intel)

· TPs – for further discussion

3 Channel models for UE Demodulation
3.1 Background
RAN4 #87: R4-1808541 “Way Forward on Concluding the NR Test Methods SI” 
	· Ad-hoc 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

· Make decision on Reduction of the number of modeled taps for TDL as a part of NR WI performance part
· Use equidistant delay modelling grid for TDL channel models after DS scaling with grid step ΔT ≤ 1/BW. 
· BW value

· 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
· Option 1 methodology is feasible from test equipment perspective

· Clarifications on Option 2 channel modeling methodology
· Step 1 and 2: Follow the procedure from 38.901 to convert a CDL into a TDL channel model 

· Note: Step 1 and 2 refer to Option 2 steps in R4-1805895

· Proposals
· Static channel models definition is FFS
· Option 2 multi-path fading channel methodology
· Option 2 methodology allows non-Jakes Doppler fading modeling.
· Option A: Multi-path fading propagation conditions between the gNB emulator and test chamber probe is modelled as Tapped Delay Line (TDL) which is derived based on Clustered Delay Line (CDL). 

· Detailed methodology is described in TP R4-1808518
· Methodology is feasible from test equipment perspective

· Other TDL modeling options based on alternative approaches for Doppler fading modeling are not precluded (e.g. sum of sinusoids, noise filtering)


3.2 Summary of contributions and proposals

	TDoc
	Title
	Source
	AI
	Status

	R4-1808620
	Channel Model Validation for RAN4 RRM and Demodulation Testing 
	Spirent Communications
	5.6.3
	available

	R4-1808759
	TP to TR 38.810 on Propagation model definition
	Intel Corporation
	5.6.3
	available

	R4-1809222
	TP to TR 38.810 on missing aspects for channel model option 1 
	Keysight Technologies UK Ltd, Spirent Communications
	5.6.3
	available

	R4-1809236
	TP to TR 38.810 on option 2 channel model generation methodology for FR2: parameters and procedure updates
	Keysight Technologies UK Ltd, Spirent Communications
	5.6.3
	available

	R4-1809257
	Further discussion on channel modelling for FR2
	Rohde & Schwarz
	5.6.3
	available


	Company
	Views

	Spirent Communications

(R4-1808620)
	 Proposal 1: The following parameters are to be validated:


1.- Power Delay Profile (PDP)


2.- Narrowband Doppler Spread


3.- Narrowband Correlation Matrix

Proposal 2: Reuse the methodology in [2] to validate parameters 1 and 2 above.

Proposal 3: Use the methodology presented in this contribution to validate 3 above.

	Intel Corporation

(R4-1808759)
	TP to TR 38.810 on Propagation channels.

Define Static propagation channel as:

For 1 port transmission the emulated channel matrix is defined in the frequency domain by



[image: image2.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

1

1

H

.

For 2 port transmission the emulated channel matrix is defined in the frequency domain by
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	Keysight Technologies UK Ltd, Spirent Communications

(R4-1809222)
	Observation 1: Option 1 is not fully defined. At least the method to implement the model should be fully defined.

Proposal 1: Add details on the method to implement channel model for Option 1 in section 8.2.1.1 in [2] as per text proposal in section 3 in this document.

[TP]

The method to generate fading coefficients (Jakes fading model) satisfying the target parameters is not specified in [10]. Traditionally there has been two methods to implement this type of tapped delay line models:
· The first alternative is to use the noise filtering, where the Doppler power spectrum is realized by Doppler spectrum shaping filtering of iid complex Gaussian noise sample sequences. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively. 

· The second alternative is the sum-of-sinusoids method, where the temporal characteristics (Doppler power spectrum) are generated by summing a number of sinusoids with specific phase, amplitude and frequency characteristics. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively. 

	Keysight Technologies UK Ltd, Spirent Communications

(R4-1809236)
	TP Summary:

· Proposing values for channel model parameters for Option 2 (TDL from CDL channel models)

· Providing further details on channel model implementation procedure, considering channel model parameters proposed.

· Proposing to create 5 channel models for different real scenarios, mapping them with CDL tables proposed in 38.901 [2]. Note that other CDL/TDL model and scenario (UMi, InO, …) combinations can be specified in addition to the five described in this contribution.

· Proposing to use the same fixed target delay and angular spread values for all FR2 frequencies.

	Rohde & Schwarz

(R4-1809257)
	Proposal 1: For NR FR2 uncorrelated fading is applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC.

Proposal 2: RAN4 agrees on a filtered noise approach for the fading models according to Option 2.


3.3 Discussion
Question #1: Static channel models

· Option 1: Define static channel models as follows

For 1 port transmission the emulated channel matrix is defined in the frequency domain by
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For 2 port transmission the emulated channel matrix is defined in the frequency domain by
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Discussion: 

Keysight: Would like to add clarification that this is the channel matrix applied inside the channel emulator



AH chair: is clarification applicable to fading channels as well?




Keysight: this is different. This is applicable to all channel models.



AH chair: what about the channel model in the reference point?




R&S: this is related to Spirent paper




Keysight: we need to have calibration procedure to ensure that the channel is same

Agreement:

· Define static channel models as follows:

For 1 port transmission the emulated channel matrix is defined in the frequency domain by
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For 2 port transmission the emulated channel matrix is defined in the frequency domain by
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· Static channel models are applied to UE Demodulation and RRM setups

· Add a note to the static and fading channel descriptions: Resulting channel matrices for either static propagation conditions or multipath fading refer to the channel emulator

Question #2: Channel models emulation for CA case
· Option 1: For NR FR2 uncorrelated fading is applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC (R&S)
· Option 2: For NR FR2 correlated fading is applied for different carriers in case of contiguous CA.

Discussion:


Anritsu / R&S / Keysight: Support Option 1


E///: Is it possible to achieve no correlation for adjacent frequency channels?



Anritsu / R&S / Keysight: Yes. It is feasible


QC: for FR2 for one band a single RX beam will be used. One channel for the aggregated BW needs to be emulated.


MTK: Is it possible to have correlated fading in LTE for contiguous CA?

QC: for LTE we can have co-located or non co-located transmitters. That’s why uncorrelated makes sense. For FR2 non co-located TRPs not considered for CA


R&S: For the scenarios with CC switching on/off it is reasonable to model them in uncorrelated manner.

QC: we are not going to have too big dynamics. Even if we do switching, then this should not be a problem for performance.


R&S: Is there any impact on UE performance?

QC: Yes. For instance, AGC parameters can be shared for CCs. UE observes the same channel (clusters) for the whole band

R&S: For high CBW the observed Doppler can be different for different parts for the aggregated BW.

Keysight: Existing channel models for FR1 have limited correlation BW. Analysis is available in E/// paper. 


QC: Is option 1 feasible

Agreement:

Channel models emulation for NR FR2 intra-band CA case

· Option 1: For NR FR2 uncorrelated fading is applied to each carrier individually and the same path delay grid as agreed for single carrier operation is applied to each CC
· Option 2: NR FR2 correlated fading is applied for different carriers in case of intra-band CA (contiguous and non-contiguous CA). The maximum aggregated BW for the emulation of correlated fading for intra-band CA is [TBD]. 
· TE vendors are requested to provide the information the max aggregated BW for correlated fading emulation
Question #3: Clarification on Option 1 TDL model
· Option 1: Further clarify Doppler fading generation method based on R4-1809222
The method to generate fading coefficients (Jakes fading model) satisfying the target parameters is not specified in [10]. Traditionally there has been two methods to implement this type of tapped delay line models:
· The first alternative is to use the noise filtering, where the Doppler power spectrum is realized by Doppler spectrum shaping filtering of iid complex Gaussian noise sample sequences. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively. 

The second alternative is the sum-of-sinusoids method, where the temporal characteristics (Doppler power spectrum) are generated by summing a number of sinusoids with specific phase, amplitude and frequency characteristics. This step is followed by generating the MIMO correlations between sequences by multiplying them with factored target MIMO correlation matrix. The matrix has dimensions US x US, where U and S denote the number of Rx and Tx antennas, respectively.
Discussion: 

R&S: Is this applicable to Option 1/2?


Keysight: Option 1 only
E///: 
Conclusion:TR is acceptable to all companies.
Question #4: Clarification on Option 2 TDL model

· Keysight & Spirent (R4-1809236):
· Proposing values for channel model parameters for Option 2 (TDL from CDL channel models)

· Providing further details on channel model implementation procedure, considering channel model parameters proposed.

· Proposing to create 5 channel models for different real scenarios, mapping them with CDL tables proposed in 38.901 [2]. Note that other CDL/TDL model and scenario (UMi, InO, …) combinations can be specified in addition to the five described in this contribution.

· Proposing to use the same fixed target delay and angular spread values for all FR2 frequencies.

· R&S: RAN4 agrees on a filtered noise approach for the fading models according to Option 2.

Discussion:


Keysight presented R4-1809236

AH Chair: Are you proposing to introduce a new Option?



Keysight: Yes

R&S: If we are considering a new option then we need to check feasibility again



R&S: can potentially do it during this meeting


QC: there is small difference between the model 2 and KS proposal


KS: We further clarified the model 2 to capture how to parameterize the model


R&S: why 7 and 8 dB K factor values are suggested?



Keysight: Based on typical models.



Keysight: Propose the parameters. Where we need to capture those?




AH chair: parameters are in the scope of NR UE Demod


AH chair: propose to return to this TR in online discussion

Question #5: Channel model validation procedure

· Parameters to be validated

· Option 1 (Spirent): 

· Power Delay Profile (PDP)

· Narrowband Doppler Spread

· Narrowband Correlation Matrix

· Methodology

· Option 1 (Spirent): 
· Reuse the methodology in TR 37.977 to validate PDP and Doppler spread
· Use the methodology presented in R4-1808620 to validate Narrowband correlation matrix.
Discussion: 


Keysight: Spirent is not here. Need to postpone the discussion.

Keysight: Desirable to have a procedure for channel models validation as a part of the TR. Will bring proposal in Aug.

Conclusion: Further discuss in Aug whether channel model validation procedure is needed incl. the target parameters and methodologies.
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